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1. General information.

All starting materials and reagents were purchased from commercial sources and used as
received unless otherwise noted. Reactions were monitored using thin-layer chromatography
(TLC) on commercial silica gel plates. Visualization of the developed plates was performed under
UV light (254 nm). NMR spectra data were obtained on Avance (111) HD 400 MHz instruments.
'H NMR and 3C NMR spectra were referenced to residual protic solvent peaks or TMS signal (0
ppm). F NMR chemical shifts were externally referenced to CCIsF (0 ppm). Data for *H NMR
are recorded as follows: chemical shift (3, ppm), multiplicity (s = singlet, d = doublet, t = triplet,
m = multiplet or unresolved, br = broad singlet, coupling constant (s) in Hz, integration). Data for

13C and '°F NMR are reported in terms of chemical shift (5, ppm).

2. Experimental section

2.1 General synthesis of spiroquinazolin-2-(thi)ones 4 and (thio)urea-containing quinolines 5.

A solution of 2-aminoacetophenones 1 (1.0 mmol), 2-(methylamino)benzaldehydes 2 and
iso(thio)cyanates 3 (1.05 mmol), and FeCls (0.05 mmol) were dissolved in EtOH (5 mL) under an
ambient atmosphere. The mixture was stirred at 50 °C for 8 h. Then the reaction mixture was
filtered by a Buchner funnel and the filter cake was subsequently washed with EtOH (3 x 2 mL).

Drying the filter cake under vacuo afforded the pure product 4 or 5.

2.2 Gram-scale preparation of spiroquinazolin-2-one 4b.

A solution of 1-(2-aminophenyl)ethan-1-one la (1.359, 10 mmol),
4-formyl-3-(methylamino)benzene-1-ylium 2a (1.42q, 10.5 mmol) and
1-ethoxy-4-isocyanatobenzene 3b (1.79g, 11 mmol), and FeCls (80mg, 0.5 mmol) were dissolved
in EtOH (50 mL) under an ambient atmosphere. The mixture was stirred at 50 °C for 8 h. Then the
reaction mixture was filtered by a Buchner funnel and the filter cake was subsequently washed
with EtOH (3 x 2 mL). Drying the filter cake under vacuo afforded the pure
3-(4-ethoxyphenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one 4b (3.57g, 90%)

as white solid.
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3. Characterization data of products

1'-Methyl-3-(p-tolyl)-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one (4a)

4a

White solid, 89% yield, 326.8 mg; m.p. 226.3-228.1 °C; *"H NMR (400 MHz, DMSO) 6 9.86 (s, 1H),
7.26 (dd, J=11.2,4.0 Hz, 1H), 7.06 (dd, J = 6.8, 4.4 Hz, 2H), 6.97 (d, J = 7.2 Hz, 1H), 6.93 (m, 5H),
6.82 - 6.77 (m, 1H), 6.51 (t, J = 8.0 Hz, 2H), 6.41 (d, J = 9.6 Hz, 1H), 5.66 (d, J= 9.6 Hz, 1H), 2.75
(s, 3H), 2.17 (s, 3H); 13C NMR (100 MHz, DMSO) 6 150.7, 142.0, 136.7, 134.5, 130.1, 129.9, 128.9,
127.3, 125.0, 124.0, 123.7, 122.2, 117.6, 116.8, 114.0, 109.4, 81.0, 32.3, 21.0; HRMS: calcd for
C24H22N30 [M+H]*: 368.1757, found: 367.1764.

3-(4-Ethoxyphenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one (4b)

4b

White solid, 92% yield, 365.7 mg; m.p. 243.9-245.5 °C; 'H NMR (400 MHz, DMSO) 6 9.85 (s, 1H),
7.28 —7.24 (m, 1H), 7.06 (d, J = 7.2 Hz, 2H), 6.94 (m, 4H), 6.80 (d, J = 7.2 Hz, 1H), 6.63 (s, 2H),
6.52 (d, J=8.0Hz, 2H), 6.41 (d, J=9.6 Hz, 1H), 5.65 (d, J=9.6 Hz, 1H), 4.04 - 3.83 (q, J = 6.4 Hz,
2H), 2.74 (s, 3H), 1.23 (t, J = 6.4 Hz, 3H); 23C NMR (100 MHz, DMSO) § 157.6, 150.8, 142.1,
134.6, 131.6, 130.1, 129.9, 128.9, 127.3, 125.1, 124.0, 123.7, 122.2, 120.6, 117.7, 116.8, 115.0,
113.9, 109.4, 81.0, 63.5, 32.3, 15.0; HRMS: calcd for CsH24N30, [M+H]*: 398.1863, found:
398.1871.

1'-Methyl-3-(4-(trifluoromethoxy)phenyl)-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-on
e (4c)
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White solid, 85% yield, 371.8 mg; m.p. 261.5-262.9 °C; *H NMR (400 MHz, DMSO) & 10.04 (s,
1H), 7.31-7.25 (m, 1H), 7.17 (s, 2H), 7.13 — 7.04 (m, 4H), 6.97 (m, 2H), 6.79 (d, J = 7.2 Hz, 1H),
6.53 (m, 2H), 6.45 (d, J = 9.6 Hz, 1H), 5.77 — 5.72 (m, 1H), 2.79 (s, 3H); 1*C NMR (100 MHz,
DMSO) 6 150.4, 147.5 142.0, 138.4, 134.9, 133.1, 130.1, 129.9, 129.0, 127.2, 125.5, 123.8, 123.6,
122.3,120.6, 120.4 (q, J = 254.6 Hz), 117.8, 117.0, 114.1, 109.6, 81.1, 32.4; 1°F NMR (376 MHz,
DMSO) 6 -56.9; HRMS: calcd for Ca4H1gF3N3O2 [M+H]*: 438.1424, found: 438.1433.

1'-Methyl-3-(4-(trifluoromethyl)phenyl)-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one
(4d)

4d

White solid, 66% yield, 278.1 mg; m.p. 258.8-260.2 °C; 'H NMR (400 MHz, DMSO) & 10.06 (s,
1H), 7.47 (d, J= 7.6 Hz, 2H), 7.30 (d, J = 6.8 Hz, 3H), 7.08 (t, J = 8.8 Hz, 2H), 6.98 (m, 2H), 6.80 (d,
J =7.2Hz, 1H), 6.53 (m, 2H), 6.46 (d, J = 9.6 Hz, 1H), 5.75 (d, J = 9.6 Hz, 1H), 2.79 (s, 3H); 13C
NMR (100 MHz, DMSO) & 150.4, 143.4, 141.9, 134.5, 132.1, 130.3, 130.0, 128.9, 128.2, 127.3,
125.5,125.2,125.1, 124.5 (q, J = 270 Hz), 123.7, 122.4, 117.6, 117.1, 114.2, 109.7, 81.3, 32.4; 1°F
NMR (376 MHz, DMSO) & -60.9; HRMS: calcd for CasH19F3N3sO [M+H]*: 422.1475, found:
422.1477.

3-(4-Fluorophenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one (4e)

4e

White solid, 75% yield, 278.6 mg; m.p. 210.6-212.5 °C; *H NMR (400 MHz, DMSO) 6 9.96 (s, 1H),
7.28 (s, 1H), 7.08 (t, J=9.2 Hz, 4H), 6.99 (d, J = 7.6 Hz, 1H), 6.94 (d, J = 8.0 Hz, 3H), 6.81 (d, J =
7.2 Hz, 1H), 6.54 (m, 2H), 6.44 (d, J = 9.6 Hz, 1H), 5.71 (d, J = 9.6 Hz, 1H), 2.77 (s, 3H); 13C NMR
(100 MHz, DMSO) & 161.3 (d, J = 242.2 Hz), 150.5, 142.0, 135.4 (d, J = 3.0 Hz), 134.7, 133.1,
130.2,129.9,129.0, 127.3, 125.3,123.8 (d, J = 12.3 Hz), 122.3,117.7,117.0, 114.9 (d, J = 22.1 Hz),
114.1, 109.5, 81.0, 32.3; *F NMR (376 MHz, DMSO) 6 -115.2; HRMS: calcd for C3H19FN3O
[M+H]*: 372.1507, found: 372.1513.

3-(4-Chlorophenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one (4f)
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4f

White solid, 81% yield, 62.8 mg; m.p. 224.7-226.9 °C; *H NMR (400 MHz, DMSO) 6 11.36 (s, 1H),
7.35(t, J=6.4 Hz, 1H), 7.30 — 6.90 (m, 8H), 6.84 (d, J = 7.2 Hz, 1H), 6.57 (t, J = 7.6 Hz, 2H), 6.48
(d, J =9.6 Hz, 1H), 5.80 (d, J = 9.6 Hz, 1H), 2.77 (s, 3H); 3C NMR (100 MHz, DMSO) § 173.5,
1415, 141.1, 133.0, 132.3, 130.4, 130.1, 129.1, 128.0, 127.4, 125.8, 123.9, 123.8, 123.2, 117.6,
117.5, 114.2, 109.7, 81.4, 32.6; HRMS: calcd for CxsH19CIN3O [M+H]*: 388.1211, found:
388.1215.

3-(4-Bromophenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2’-quinolin]-2(3H)-one (49)

Yellow solid, 72% yield, 311.3 mg; m.p. 281.6-283.3 °C; *H NMR (400 MHz, DMSO) & 9.99 (s,
1H),7.28 (t,J=9.6 Hz, 3H), 7.07 (d, J = 6.4 Hz, 2H), 6.96 (m, 4H), 6.83 (d, J = 7.2 Hz, 1H), 6.54 (d,
J=6.8 Hz, 2H), 6.45 (d, J = 9.6 Hz, 1H), 5.70 (d, J = 9.6 Hz, 1H), 2.76 (s, 3H); *C NMR (100 MHz,
DMSO) 6 150.4, 141.9, 138.8, 134.6, 133.3, 131.2, 130.3, 130.0, 129.0, 127.4, 125.4, 123.7, 123.6,
122.4, 120.7, 117.6, 117.1, 114.1, 109.5, 81.1, 32.3; HRMS: calcd for C3H19BrNsO [M+H]*:
432.0706, found: 432.0715.

1'-Methyl-3-(m-tolyl)-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one (4h)

4h

White solid, 73% yield, 268.2 mg; m.p. 217.1-219.8 °C; *H NMR (400 MHz, DMSO0) § 9.88 (s, 1H),
7.27 (t,J=7.6 Hz, 1H), 7.11—7.06 (m, 2H), 6.97 (m, 3H), 6.93 - 6.86 (m, 2H), 6.79 (d, J = 6.8 Hz,
2H), 6.56 — 6.50 (m, 2H), 6.40 (d, J = 9.6 Hz, 1H), 5.64 (d, J = 9.6 Hz, 1H), 2.77 (s, 3H), 2.05 (s,
3H);33C NMR (100 MHz, DMSO) 8 150.6, 142.2, 139.2, 137.4, 134.8, 131.5, 130.1, 129.9, 129.0,
128.1,127.9,127.2,125.2,123.9, 122.2, 117.8, 116.9, 114.0, 109.4, 80.8, 32.3, 21.0; HRMS: calcd
for C24H22N30 [M+H]*: 368.1757, found: 368.1764.
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3-(3-Fluorophenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2*-quinolin]-2(3H)-one (4i)

4i

White solid, 59% yield, 219.0 mg; m.p. 225.1-227.8 °C;'H NMR (400 MHz, DMSO) 6 10.02 (s,
1H), 7.28 (t,J=7.2 Hz, 1H), 7.12 (m, 3H), 6.97 (d, J = 6.0 Hz, 2H), 6.92 (d, J = 6.4 Hz, 3H), 6.83 (d,
J=7.2 Hz, 1H), 6.54 (m, 2H), 6.46 (d, J = 9.6 Hz, 1H), 5.74 (d, J = 9.6 Hz, 1H), 2.78 (s, 3H); 3C
NMR (100 MHz, DMSO) 6 161.8 (d, J = 242.9 Hz), 150.3, 142.0, 141.2 (d, J = 10.1 Hz), 134.7,
130.3 (d, J=25.3 Hz), 129.4 (d, J =9.2 Hz), 127.4,127.3,125.3,123.8 (d, J = 2.4 Hz), 122.3, 117.7,
117.0, 114.5 (d, J = 20.6 Hz), 114.1, 109.5, 81.1, 32.3; °F NMR (376 MHz, DMSO) § -114.2;
HRMS: calcd for C23H19FN3O [M+H]*: 372.1507, found: 372.1513.

3-(3-Chlorophenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one (4j)

White solid, 62% yield. 240.5 mg; m.p. 213.3-215.6 °C; *H NMR (400 MHz, DMSO) & 10.04 (s,
1H), 7.28 (t, J = 7.6 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H), 7.11 (m, 4H), 7.04 — 6.90 (m, 3H), 6.83 (d, J
= 7.2 Hz, 1H), 6.55 (m, 2H), 6.46 (d, J = 9.6 Hz, 1H), 5.75 (d, J = 9.6 Hz, 1H), 2.78 (s, 3H); *3C
NMR (100 MHz, CDCls) & 155.1, 146.7, 145.7, 139.5, 137.1, 136.0, 135.0, 134.7, 134.3, 133.7,
1324, 132.1, 130.1, 1285, 127.0, 122.4, 121.8, 118.9, 114.3, 85.9, 37.1; HRMS: calcd for
Ca23H19CIN3O [M+H]*: 388.1211, found: 388.1215.

1'-Ethyl-3-(4-phenoxyphenyl)-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one (4k)

4k

White solid, 65% yield, 298.7 mg; m.p. 291.3-292.8 °C; *"H NMR (400 MHz, DMSO0) § 9.94 (s, 1H),

7.31(d,J=8.0Hz, 3H), 7.23 (d, J = 7.6 Hz, 1H), 7.07 (s, 3H), 7.02 (d, J = 7.6 Hz, 2H), 6.94 (d, J =

8.0 Hz, 1H), 6.84 (d, J = 7.2 Hz, 1H), 6.69 (s, 2H), 6.63 (d, J = 8.0 Hz, 2H), 6.55 (t, J = 8.8 Hz, 2H),

6.47 (d, J=9.6 Hz, 1H), 5.66 (d, J = 9.6 Hz, 1H), 3.29 (m, 2H), 0.71 (s, 3H); *3C NMR (100 MHz,

DMSO) 6 157.8, 155.2, 150.3, 140.4, 135.0, 134.4, 133.0, 130.8, 130.3, 129.9, 127.5, 125.7, 123.7,
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123.4, 123.3, 121.6, 119.0, 118.3, 117.9, 116.5, 114.1, 109.9, 80.8, 12.5; HRMS: calcd for
C3oH2sN302 [M+H]*: 460.2020, found: 460.2025.

1'-Ethyl-3-propyl-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one (4l)

41

White solid, 59% yield, 196.7 mg; m.p. 186.5-188.7 °C; *H NMR (400 MHz, DMSO) 6 9.67 (s, 1H),
7.21(t,J=7.6 Hz, 1H), 7.18 — 7.11 (m, 2H), 7.09 (d, J = 7.6 Hz, 1H), 6.93 (t, J = 7.6 Hz, 1H), 6.83
(d, J=8.0Hz, 1H), 6.78 (d, J = 9.6 Hz, 1H), 6.65 (t, J = 7.2 Hz, 1H), 6.58 (d, J = 8.4 Hz, 1H), 5.52
(d, J=9.6 Hz, 1H), 3.09 (m, 3H), 2.83 — 2.72 (m, 1H), 1.47 (m, 2H), 0.74 (t, J = 6.8 Hz, 3H), 0.62
(t, J =7.2 Hz, 3H); 3C NMR (100 MHz, DMSO) 5 150.1, 140.6, 134.6, 130.5, 130.3, 129.8, 128.3,
125.2, 123.5, 122.9, 121.6, 117.6, 116.7, 113.6, 109.8, 79.3, 45.0, 38.9, 22.8, 12.2, 12.1; HRMS:
calcd for C1H24N3O [M+H]™: 334.1914, found: 334.1923.

1',7-Dimethyl-3-(p-tolyl)-1H,1'H-spiro[quinazoline-4,2'-quinolin]-2(3H)-one (4m)

4m

White solid, 91% yield, 347.1 mg; m.p. 236.5-238.3 °C; *H NMR (400 MHz, DMSO0)  9.84 (s, 1H),
7.06 (s, 1H), 6.98 —6.86 (m, 5H), 6.83 — 6.75 (m, 2H), 6.72 (s, 1H), 6.51 (t, J = 7.6 Hz, 2H), 6.40 (d,
J =9.6 Hz, 1H), 5.65 (d, J = 9.6 Hz, 1H), 2.76 (s, 3H), 2.27 (s, 3H), 2.18 (s, 3H); **C NMR (100
MHz, DMSO) $ 150.8, 142.1, 139.4, 136.9, 136.5, 134.5, 130.0, 128.9, 127.3, 124.9, 124.1, 123.1,
121.2, 117.6, 116.7, 114.0, 109.3, 80.8, 32.3, 21.3, 21.0; HRMS: calcd for CasH2sN3O [M+H]*:
382.1914, found: 382.1916.

3-(4-Methoxyphenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinoline]-2(3H)-thione (4q)

| OMe
MeN /©/
D@
N’gs
H
4q
White solid, 79% yield, 315.6 mg; m.p. 247.4-250.1 °C; *H NMR (400 MHz, DMSO) 5 11.24 (s,
1H), 7.32 (m, 1H), 7.15 (d, J = 8.0 Hz, 1H), 7.13 — 7.04 (m, 4H), 6.83 (m, 1H), 6.73 (d, J = 7.6 Hz,
2H), 6.55 (M, 2H), 6.51 (5, 1H), 6.44 (d, J = 9.6 Hz, 1H), 5.74 (d, J = 9.6 Hz, 1H), 3.63 (5, 3H), 2.76
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(s, 3H); *C NMR (100 MHz, DMSO) & 174.0, 158.4, 141.7, 134.9, 133.0, 132.8, 130.3, 130.0,
129.0,127.4,125.4,123.9,123.7,123.4, 117.7, 117.3, 114.0, 113.2, 109.6, 81.2, 55.5, 32.5; HRMS:
calcd for C4H2:N30S [M+H]*: 400.1478, found: 400.1482.

1'-Ethyl-3-(4-(trifluoromethyl)phenyl)-1H,1'H-spiro[quinazoline-4,2'-quinoline]-2(3H)-thion
e (4r)

4r

White solid, 63% yield, 55.1 mg; m.p. 257.1-259.3 °C; *H NMR (400 MHz, DMSO) § 11.24 (s, 1H),
7.37-7.29 (m, 1H), 7.16 (d, J = 7.6 Hz, 1H), 7.11 (d, J = 1.7 Hz, 1H), 7.08 (m, 2H), 7.00 (d, J = 7.6
Hz, 1H), 6.86 — 6.76 (m, 2H), 6.73 (d, J = 7.6 Hz, 1H), 6.54 (m, 2H), 6.43 (d, J = 9.6 Hz, 1H), 5.74
(d, J = 9.6 Hz, 1H), 2.77 (s, 3H), 2.45 (g, J = 7.6 Hz, 2H), 1.05 (t, J = 7.6 Hz, 3H). *C NMR (100
MHz, DMSO) § 173.7, 142.9, 141.7, 139.7, 133.1, 131.6, 130.2, 130.0, 129.0, 127.3, 127.1, 125.5,
123.9,123.7,123.4, 117.8, 117.3, 114.1, 109.6, 81.2, 32.6, 28.1, 15.8; HRMS: calcd for CosH24N3S
[M+H]*: 398.1691, found: 398.1696.

4-(1'-Methyl-2-thioxo-1,2-dihydro-1'H,3H-spiro[quinazoline-4,2'-quinolin]-3-yl)benzonitrile
(4s)

4s

White solid, 61% yield, 240.4 mg; m.p. 251.2-252.9 °C; *H NMR (400 MHz, DMSO) & 11.45 (s,
1H), 7.56 (d, J = 8.4 Hz, 2H), 7.39 — 7.34 (m, 1H), 7.25 (d, J = 7.6 Hz, 2H), 7.18 (d, J = 8.0 Hz, 1H),
7.15—7.07 (m, 3H), 6.83 (M, 1H), 6.63 — 6.55 (m, 2H), 6.48 (d, J = 9.6 Hz, 1H), 5.84 (d, J = 9.6 Hz,
1H), 2.80 (s, 3H); 3C NMR (100 MHz, DMSO) & 173.0, 146.6, 141.4, 133.1, 132.6, 132.0, 130.5,
130.2,129.1,127.4,126.1,124.1, 123.9, 123.0, 118.9, 117.7, 117.6, 114.3, 110.4, 109.9, 81.7, 32.6;
HRMS: calcd for CosH19N4S [M+H]*: 395.1325, found: 395.13309.

Ethyl
4-(1'-methyl-2-thioxo-1,2-dihydro-1'H,3H-spiro[quinazoline-4,2'-quinolin]-3-yl)benzoate (4t)
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White solid, 67% yield, 295.8 mg; m.p. 289.6-293.5 °C; H NMR (400 MHz, DMSO) & 11.40 (s,
1H), 7.65 (s, 2H), 7.35 (m, 1H), 7.17 (d, J = 8.0 Hz, 3H), 7.13 - 7.07 (m, 3H), 6.81 (d, J = 7.6 Hz,
1H), 6.62 — 6.52 (m, 2H), 6.46 (d, J =9.6 Hz, 1H), 5.81 (d, J = 9.6 Hz, 1H), 4.25(q, J = 7.2 Hz, 2H),
2.80 (s, 3H), 1.28 (t, J=7.2 Hz, 3H); NMR (100 MHz, DMSO) 6 173.2, 165.7, 146.7, 141.5, 133.0,
130.5, 130.1, 129.0, 128.9, 127.5, 125.8, 124.0, 123.9, 123.0, 117.6, 117.5, 114.2, 109.8, 81.6, 61.2,
32.6, 14.6; HRMS: calcd for C6H24N302S [M+H]™: 442.1584, found: 442.1585.

3-(3,5-Bis(trifluoromethyl)phenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinoline]-2(3H)
-thione (4u)

4u

White solid, 58% yield, 293.2 mg; m.p. 275.4-276.3 °C; 'H NMR (400 MHz, DMSO) & 11.59 (s,
1H), 7.80 (s, 1H), 7.70 (s, 2H), 7.40 (t, J = 7.6 Hz, 1H), 7.20 (d, J = 8.4 Hz, 2H), 7.17 — 7.09 (m, 2H),
6.78 (d, J = 7.2 Hz, 1H), 6.62 (d, J = 8.4 Hz, 1H), 6.56 (t, J = 7.2 Hz, 1H), 6.49 (d, J = 9.6 Hz, 1H),
5.98 (d, J = 9.6 Hz, 1H), 2.83 (s, 3H); 13C NMR (100 MHz, DMSO) & 173.1, 143.7, 141.2, 133.5,
132.4,130.6, 130.2, 129.8, 129.3, 127.4, 126.5, 126.0 (q, J = 254 Hz), 124.1, 124.0, 122.9, 121.9,
117.9, 117.7, 114.5, 109.9, 81.8, 32.8; °F NMR (376 MHz, DMSO) & -61.4; HRMS: calcd for
CosH1gFsN3S [M+H]+Z 506.1120, found: 506.1133.

3-(4-Fluorophenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinoline]-2(3H)-thione (4v)

4y

White solid, 65% yield, 251.9 mg; m.p. 216.8-219.5 °C; *H NMR (400 MHz, DMSO) & 11.33 (s,
1H), 7.38 — 7.33 (m, 1H), 7.21 (d, J = 16.8 Hz, 1H), 7.17 (d, J = 8.0 Hz, 1H), 7.14 — 7.06 (m, 3H),
7.00 (s, 1H), 6.83 (m, 3H), 6.61 — 6.53 (m, 2H), 6.47 (d, J = 9.6 Hz, 1H), 5.80 (d, J = 9.6 Hz, 1H),
2.78 (s, 3H); 13C NMR (100 MHz, DMSO0) 6 173.7, 161.4 (d, J = 243.9 Hz), 141.6, 138.3 (d, J = 3.0
Hz), 133.1, 130.4, 130.0, 129.1, 127.4, 125.7, 123.8 (d, J = 4.9 Hz), 123.2, 117.7, 117.4, 114.7 (d, J
= 22.4 Hz), 114.2, 109.7, 81.3, 32.6; °F NMR (376 MHz, DMSO) § -113.6; HRMS: calcd for
CasH19FN3S [M+H]*: 388.1278, found: 388.1287.

3-(4-Chlorophenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinoline]-2(3H)-thione (4w)




4w

White solid, 70% vyield, 282.8 mg; m.p. 221.6-223.8 °C; *H NMR (400 MHz, DMSO) & 11.36 (s,
1H), 7.35 (t, J = 6.4 Hz, 1H), 7.31 - 6.88 (m, 8H), 6.84 (d, J = 7.2 Hz, 1H), 6.57 (t, J = 7.6 Hz, 2H),
6.48 (d, J=9.6 Hz, 1H), 5.80 (d, J = 9.6 Hz, 1H), 2.77 (s, 3H); 3C NMR (100 MHz, DMS0) § 173.5,
1415, 141.0, 133.0, 132.2, 130.4, 130.1, 129.1, 128.0, 127.4, 125.8, 123.9, 123.8, 123.1, 117.6,
117.5, 114.2, 109.7, 81.4, 32.6; HRMS: calcd for C23H19CIN3S [M+H]*: 404.0983, found:
404.0991.

3-(4-Bromophenyl)-1'-methyl-1H,1'H-spiro[quinazoline-4,2'-quinoline]-2(3H)-thione (4x)

4x

Yellow solid, 68% vield, 304.9 mg; m.p. 248.2-249.8 °C; 'H NMR (400 MHz, DMSO) 5 10.04 s,
1H), 7.27 (d, J = 7.6 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H), 7.11 (m, 4H), 7.05 — 6.92 (m, 3H), 6.83 (d, J
= 7.2 Hz, 1H), 6.55 (m, 2H), 6.46 (d, J = 9.6 Hz, 1H), 5.75 (d, J = 9.6 Hz, 1H), 2.78 (s, 3H);1*C
NMR (100 MHz, CDCls) & 155.1, 146.7, 145.7, 139.5, 137.1, 136.0, 135.0, 134.7, 134.3, 133.7,
132.4, 132.1, 130.1, 128.5, 127.0, 122.4, 121.8, 118.9, 114.3, 85.9, 37.1; HRMS: calcd for
CasH1oBrNsS [M+H]*: 448.0478, founFd: 448.0487.

1-(2-(Quinolin-2-yl)phenyl)-3-(p-tolyl)urea (5a)

5a

White solid, 86% yield, 304.0 mg; m.p. 176.8-178.3 °C; 'H NMR (400 MHz, DMSO) & 11.24 (s,
1H), 9.41 (s, 1H), 8.51 (d, J = 8.8 Hz, 1H), 8.27 (d, J = 8.4 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 8.03 (t,
J=8.0Hz,2H),7.90 (d, J=7.6 Hz, 1H), 7.82 (t, J = 7.6 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.45 (t, J
=7.6Hz, 1H), 7.37 (d, J=8.4 Hz, 2H), 7.18 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 8.0 Hz, 2H), 2.24 (s, 3H);
13C NMR (100 MHz, DMSO) 8 158.0, 153.3, 146.5, 139.1, 138.2, 137.7, 131.4, 130.5, 130.4, 130.2,
129.6, 1295, 128.1, 127.4, 126.7, 126.3, 122.6, 122.4, 121.5, 119.7, 20.8; HRMS: calcd for
Ca3H20N30 [M+H]+Z 354.1601, found: 354.1613.

1-(2-(Quinolin-2-yl)phenyl)-3-(4-(trifluoromethoxy)phenyl)urea (5b)



_N

‘ OCF,
\
N NH
3
o)
5b

White solid, 77% yield, 326.0 mg; m.p. 187.1-188.9 °C; 'H NMR (400 MHz, DMSO) & 11.35 (s,
1H), 9.74 (s, 1H), 8.53 (s, 1H), 8.35 (s, 1H), 8.16 (s, 1H), 8.05 (s, 2H), 7.94 (s, 1H), 7.85 (s, 1H),
7.66 (s, 1H), 7.59 (s, 2H), 7.47 (s, 1H), 7.30 (s, 2H), 7.21 (s, 1H); 3C NMR (100 MHz, DMSO) &
157.9, 153.1, 146.5, 143.2, 139.7, 138.8, 138.3, 130.6, 130.4, 130.3, 129.5, 128.1, 127.4, 126.8,
126.4,122.9,122.4,122.1,121.5,120.7 (g, J = 9.2 Hz), 120.4; °F NMR (376 MHz, DMSO) § -59.5;
HRMS: calcd for Co3H17F3N3O2 [M+H]*: 424.1267, found: 424.1272.

1-(4-Fluorophenyl)-3-(2-(quinolin-2-yl)phenyl)urea (5c)

5c

White solid, 78% yield, 278.8 mg; m.p. 169.4-170.3 °C; *H NMR (400 MHz, DMSO) § 10.69 (s,
1H), 9.19 (s, 1H), 8.52 (d, J = 8.8 Hz, 1H), 8.22 (d, J = 8.4 Hz, 1H), 8.13 (d, J = 8.4 Hz, 1H), 8.04 (d,
J=8.0Hz, 1H), 7.97 (d, J = 8.8 Hz, 1H), 7.88 (s, 1H), 7.83 (d, J = 7.6 Hz, 2H), 7.66 (d, J = 7.6 Hz,
1H), 7.46 (s, 1H), 7.21 (t, J = 8.4 Hz, 2H), 7.13 (d, J = 7.6 Hz, 1H), 7.06 (d, J = 6.8 Hz, 1H); 1*C
NMR (100 MHz, DMSO) 6 158.0, 157.9 (d, J = 236.9 Hz), 153.3, 146.5, 139.0, 138.2, 136.6 (d, J =
2.4 Hz),130.5, 130.4, 130.0,129.5,128.1, 127.4, 126.8, 126.3, 122.7, 122.4,121.5,121.1 (d, I =7.7
Hz), 115.7 (d, J = 22.1 Hz); *°F NMR (376 MHz, DMSO) § = -121.2; HRMS: calcd for C2;H17FN3O
[M+H]*: 358.1350, found: 358.1355.

1-(4-Chlorophenyl)-3-(2-(quinolin-2-yl)phenyl)urea (5d)

5d

Yellow solid, 82% yield, 306.5 mg; m.p. 172.6-174.1 °C; *H NMR (400 MHz, DMSO) & 11.32 (s,
1H), 9.67 (s, 1H), 8.53 (d, J = 8.8 Hz, 1H), 8.33 (t, J = 6.8 Hz, 1H), 8.16 (d, J = 8.4 Hz, 1H), 8.05 (t,
J=8.8Hz,2H), 7.93 (d,J =7.6 Hz, 1H), 7.85 (t, J = 7.6 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.52 (d,
J=8.8Hz, 2H), 7.46 (t, J = 7.4 Hz, 1H), 7.33 (d, J = 8.8 Hz, 2H), 7.20 (t, J = 7.6 Hz, 1H); 13C NMR
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(100 MHz, DMSO) 6 157.9, 153.1, 146.5, 139.4, 138.8, 138.3, 130.6, 130.4, 130.3, 129.5, 129.1,
128.1, 127.4, 126.8, 126.4, 126.0, 122.9, 122.4, 121.5, 120.8; HRMS: calcd for Cz2H17CIN3O
[M+H]*: 374.1055, found: 374.1064.

1-(4-Bromophenyl)-3-(2-(quinolin-2-yl)phenyl)urea (5¢)

5e

Yellow solid, 67% yield, 280.3 mg; m.p. 201.4-203.9 °C; *H NMR (400 MHz, DMSO) 6 11.34 (s,
1H), 9.69 (s, 1H), 8.53 (d, J = 8.6 Hz, 1H), 8.34 (d, J = 8.4 Hz, 1H), 8.16 (d, J = 8. Hz, 1H), 8.09 —
7.99 (m, 2H),7.93 (d,J=7.6 Hz, 1H), 7.85 (t, J= 7.2 Hz, 1H), 7.66 (t, J = 7.2 Hz, 1H), 7.46 (s, 5H),
7.20 (t, J = 7.2 Hz, 1H); *C NMR (100 MHz, DMSO) & 157.9, 153.0, 146.5, 139.8, 138.8, 138.3,
131.9, 130.6, 130.4, 130.3, 129.5, 128.1, 127.4, 126.8, 126.4, 122.9, 122.4, 121.5, 121.2, 113.9;
HRMS: calcd for C2H17BrNsO [M+H]*: 418.0550, found: 418.0552.

1-(2-(Quinolin-2-yl)phenyl)-3-(m-tolyl)urea (5f)

5f

White solid, 82% vyield, 289.8 mg; m.p. 186.3-188.7 °C; ‘H NMR (400 MHz, DMSO) & 11.18 (s,
1H), 9.41 (s, 1H), 8.53 (d, J =8.8 Hz, 1H), 8.28 (d, J = 8.4 Hz, 1H), 8.17 (d, J = 8.4 Hz, 1H), 8.04 (m,
2H), 791 (d, J=7.6 Hz, 1H), 7.84 (t, J = 7.6 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.46 (t, J = 7.6 Hz,
1H), 7.29 (d, J = 10.8 Hz, 2H), 7.18 (m, 2H), 6.80 (d, J = 7.6 Hz, 1H), 2.26 (s, 3H);*3C NMR (100
MHz, DMSO) § 158.0, 153.2, 146.6, 140.2, 139.0, 138.3, 138.2, 130.5, 130.4, 130.2, 129.5, 129.0,
128.1, 127.4, 126.7, 126.5, 123.3, 122.7, 122.5, 121.5, 120.0, 116.7, 21.7; HRMS: calcd for
Ca3H20N30 [M+H]*: 354.1601, found: 354.1613.

1-(3-Chlorophenyl)-3-(2-(quinolin-2-yl)phenyl)urea (5g)




59

Yellow solid, 73% yield, 272.9 mg; m.p. 195.2-196.9 °C; *H NMR (400 MHz, DMSO) & 11.31 (s,
1H), 9.83 (s, 1H), 8.53 (d, J = 8.8 Hz, 1H), 8.37 (d, J = 8.4 Hz, 1H), 8.15 (d, J = 8.4 Hz, 1H), 8.04 (t,
J=8.4Hz, 2H),7.93(d,J=7.6 Hz, 1H), 7.85 (t, J = 7.6 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.47 (t,J
=11.6 Hz, 2H), 7.30 (m, 1H), 7.21 (t, J = 8.4 Hz, 2H), 6.78 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz,
DMSO) 6 157.8, 152.9, 146.4, 140.6, 138.6, 138.3, 131.4, 131.0, 130.6, 130.4, 130.3, 129.5, 128.1,
127.4, 126.8, 126.4, 123.7, 123.1, 122.5, 121.4, 120.2, 119.2. HRMS: calcd for CzH17CIN3O
[M+H]*: 374.1055, found: 374.1064.

1-(2-(Quinolin-2-yl)phenyl)-3-(o-tolyl)urea (5h)

5h

White solid, 77% vield, 272.1 mg; m.p. 169.8-170.3 °C; *H NMR (400 MHz, DMSO) & 11.08 (s,
1H), 8.65 (s, 1H), 8.52 (s, 1H), 8.18 (s, 1H), 8.02 (s, 3H), 7.89 (s, 1H), 7.79 (s, 1H), 7.65 (s, 1H),
7.50 (s, 2H), 7.19 (s, 3H), 7.05 (s, 1H), 2.21 (s, 3H); 13C NMR (100 MHz, DMSO) § 158.0, 153.8,
146.6, 139.1, 138.1, 137.5, 131.6, 130.9, 130.4, 130.2, 129.4, 128.1, 127.3, 126.8, 126.7, 124.8,
122.7,122.5, 121.6, 18.4; HRMS: calcd for CasHaoNsO [M+H]*: 354.1601, found: 354.1613.

1-(2-Fluorophenyl)-3-(2-(quinolin-2-yl)phenyl)urea (5i)

5i

White solid, 70% yield, 250.2 mg; m.p. 162.6-164.5 °C; *H NMR (400 MHz, DMSO) & 11.75 (s,
1H), 10.25 (s, 1H), 9.56 (d, J = 8.8 Hz, 1H), 9.26 (d, J = 8.4 Hz, 1H), 9.17 (d, J = 8.4 Hz, 1H), 9.08
(d, J=78.0 Hz, 1H), 9.01 (d, J = 8.8 Hz, 1H), 8.89 (m, 3H), 8.69 (t, J=7.2 Hz, 1H), 8.50 (t, J=7.6
Hz, 1H), 8.25 (t, J = 8.0 Hz, 2H), 8.18 (t, J = 7.6 Hz, 1H), 8.14 — 8.04 (m, 1H); *C NMR (100 MHz,
DMSO) 6 158.9, 154.9 (d, J = 241.7 Hz), 154.3, 148.0, 139.3, 139.0, 131.6, 131.5, 131.1, 130.5,
129.2,129.0,128.7 (d, J=11.0 Hz), 128.4,127.9, 125.9 (d, J = 3.3 Hz), 125.2 (d, J = 7.6 Hz), 124.6,
124.2,123.7,122.9, 116.8 (d, J = 19.3 Hz); **F NMR (376 MHz, DMSO) 6 -126.5; HRMS: calcd
for C22H17FN3O [M+H]*: 358.1350, found: 358.1355.

1-(3,5-Dimethylphenyl)-3-(2-(quinolin-2-yl)phenyl)urea (5j)



5j

White solid, 75% yield, 275.6 mg; m.p. 186.9-188.2 °C; 'H NMR (400 MHz, DMSO) & 11.18 (s,
1H), 9.34 (s, 1H), 8.52 (d, J = 8.8 Hz, 1H), 8.26 (d, J = 8.4 Hz, 1H), 8.17 (d, J = 8.4 Hz, 1H), 8.03 (m,
2H), 7.90 (d, J = 7.6 Hz, 1H), 7.83 (t, J = 7.2 Hz, 1H), 7.65 (t, J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 Hz,
1H), 7.18 (t, J = 7.6 Hz, 1H), 7.09 (d, J = 6.0 Hz, 2H), 6.61 (s, 1H), 2.22 (d, J = 8.4 Hz, 6H): 13C
NMR (100 MHz, DMSO) 6 158.0, 153.2, 146.5, 140.1, 139.0, 138.1, 130.5, 130.4, 130.2, 129.5,
128.1, 127.4, 126.7, 126.5, 124.2, 122.6, 122.4, 121.5, 117.3, 116.3, 21.6; HRMS: calcd for
C24H22N30 [M+H]*: 368.1757, found: 368.1764.

1-Propyl-3-(2-(quinolin-2-yl)phenyl)urea (5k)

5k

White solid, 62% yield, 189.3 mg; m.p. 154.5-156.2 °C; *H NMR (400 MHz, CDCls3) & 11.69 (s,
1H), 8.39 (d, J = 7.2 Hz, 1H), 8.27 (d, J = 8.0 Hz, 1H), 8.03 (d, J = 7.2 Hz, 1H), 7.86 (d, J = 7.2 Hz,
2H), 7.76 (s, 2H), 7.57 (s, 1H), 7.42 (s, 1H), 7.12 (s, 1H), 4.56 (s, 1H), 3.28 (d, J = 4.4 Hz, 2H), 1.57
(d, J=6.4 Hz, 2H), 0.95 (s, 3H); 3C NMR (100 MHz, CDCls) & 158.6, 155.8, 146.2, 139.4, 137 .4,
130.3,130.1,129.5,128.3,127.7,126.7, 126 .5, 125.2, 121.9, 121.5, 121.2, 42.7, 23.3, 11.4; HRMS:
calcd for C1gH20N3O [M+H]*: 306.1601, found: 306.1607.

1-(4-Methyl-2-(quinolin-2-yl)phenyl)-3-(m-tolyl)urea (5I)

51

White solid, 85% vyield, 312.3 mg; m.p. 181.3-183.2 °C; 'H NMR (400 MHz, DMSO) & 11.48 (s,
1H), 9.42 (s, 1H), 8.48 (d, J =8.8 Hz, 1H), 8.25 (d, J = 8.4 Hz, 1H), 8.02 (t, J = 10.4 Hz, 3H), 7.81 (t,
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J=9.6 Hz, 2H), 7.63 (d, J = 7.6 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 6.99 (d,
J =76 Hz, 1H), 2.37 (s, 3H), 2.24 (s, 3H); 3C NMR (100 MHz, DMSO) & 158.0, 153.3, 146.4,
140.0, 139.2, 138.1, 137.7, 131.4, 130.4, 130.2, 129.6, 129.3, 128.0, 127.2, 126.6, 123.4, 123.3,
122.7,121.2, 119.7, 21.7, 20.8; HRMS: calcd for CasH22N3O [M+H]*: 368.1757, found: 368.1764.

1-Phenyl-3-(2-(quinolin-2-yl)phenyl)thiourea (5m)

5m

White solid, 76% yield, 270.2 mg; m.p. 192.3-194.2 °C; *H NMR (400 MHz, CDCls) & 12.54 (s,
1H), 8.45 (d, J = 8.4 Hz, 1H), 8.22 (s, 1H), 8.18 (d, J = 8.8 Hz, 1H), 7.77 — 7.67 (m, 3H), 7.52 — 7.40
(m, 5H), 7.37 (t, = 6.4 Hz, 3H), 7.29 (t, J = 7.6 Hz, 1H), 6.54 (d, J = 7.6 Hz, 1H); *C NMR (100
MHz, CDCl3) § 179.0, 157.1, 146.0, 138.2, 137.5, 137.5, 130.1, 129.7, 129.5, 129.4, 129.1, 128.5,
127.3, 126.7, 1265, 126.4, 126.3, 125.2, 124.1, 120.8; HRMS: calcd for CpoH1sNsS [M+H]*:
356.1216, found: 356.1220.

1-(4-Methoxyphenyl)-3-(2-(quinolin-2-yl)phenyl)thiourea (5n)

5n

White solid, 72% yield, 277.6 mg; m.p. 189.2-190.5 °C; *H NMR (400 MHz, CDCls) 5 11.94 (s,
1H), 8.45 (d, J = 8.4 Hz, 1H), 8.19 (d, J = 8.8 Hz, 1H), 8.03 (s, 1H), 7.77 — 7.70 (m, 2H), 7.65 (m,
1H), 7.47 (m, 3H), 7.31 — 7.26 (m, 1H), 7.21 (t, J = 6.0 Hz, 2H), 6.95 — 6.91 (m, 2H), 6.78 (s, 1H),
3.88 (s, 3H); *C NMR (100 MHz, CDCl3) 6 179.5, 158.5, 157.4, 146.1, 138.0, 137.5, 130.0, 129.9,
129.6, 129.5, 128.9, 128.8, 127.3, 126.7, 126.6, 126.6, 126.4, 125.2, 121.0, 115.2, 55.6; HRMS:
calcd for Ca3H20N30S [M+H]*: 386.1322, found: 386.1331.

1-(3-Methoxyphenyl)-3-(2-(quinolin-2-yl)phenyl)thiourea (50)



50

White solid, 69% yield, 266.0 mg; m.p. 177.5-180.1 °C; 'H NMR (400 MHz, DMSO) & 12.10 (s,
1H), 10.32 (s, 1H), 8.42 (d, J = 8.6 Hz, 1H), 8.25 (d, J = 8.0 Hz, 1H), 8.00 — 7.89 (m, 2H), 7.85 (d, J
= 7.6 Hz, 1H), 7.54 (ddd, J = 20.4, 15.6, 6.8 Hz, 3H), 7.34 (dt, J = 15.2, 7.6 Hz, 2H), 7.11 (s, 1H),
7.07 (d, J = 7.8 Hz, 1H), 7.02 (s, 1H), 6.87 (d, J = 7.8 Hz, 1H), 3.72 (s, 3H); *C NMR (100 MHz,
DMSO0) 5 179.2, 160.5, 157.3, 146.1, 140.2, 138.7, 138.2, 130.6, 130.4, 130.2, 123.0, 129.3, 128.4,
128.1, 127.4, 127.2, 126.7, 125.3, 121.5, 116.3, 111.0, 110.0, 55.7. HRMS: calcd for CasH20NsOS
[M+H]*: 386.1322, found: 386.1331.

Ethyl 4-(3-(2-(quinolin-2-yl)phenyl)thioureido)benzoate (5p)

5p

White solid, 62% yield, 265.1 mg; m.p. 178.5-179.6 °C; *H NMR (400 MHz, DMSO) § 12.05 (s,
1H), 10.58 (s, 1H), 8.50 (d, J = 8.8 Hz, 1H), 8.14 (d, J = 8.0 Hz, 1H), 7.96 (m, 5H), 7.68 — 7.57 (m,
4H), 7.52 (t, J=7.6 Hz, 1H), 7.37 (t, J = 7.2 Hz, 2H), 4.33 (9, J = 7.2 Hz, 2H), 1.33 (t, J = 7.2 Hz,
3H); 1*C NMR (100 MHz, DMSO) 8 179.5, 165.8, 157.4, 146.4, 143.9, 138.3, 138.2, 130.7, 130.6,
130.4, 1295, 128.4, 128.2, 127.4, 127.1, 126.8, 125.8, 125.6, 122.7, 121.7, 61.1, 14.7; HRMS:
calcd for CasH22N30.S [M+H]*: 428.1427, found: 428.1431.

1-(3-(Methylthio)phenyl)-3-(2-(quinolin-2-yl)phenyl)thiourea (5q)

5q

Yellow solid, 75% yield, 301.2 mg; m.p. 182.7-183.8 °C; *H NMR (400 MHz, CDCl3)  12.58 (s,
1H),8.44 (d,J=8.4 Hz, 2H),8.17 (d, J=8.8 Hz, 1H), 7.74 - 7.66 (m, 3H), 7.51 - 7.42 (m, 3H), 7.35

S
16



—7.26 (m, 2H), 7.23-7.16 (m, 2H), 7.13 (t, J = 2.0 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H), 2.39 (s, 3H);
13C NMR (100 MHz, CDCls) 6 179.0, 157.1, 146.0, 141.2, 138.2, 138.1, 137.6, 130.1, 129.9, 129.5,
129.3, 129.1, 128.4, 127.3, 126.8, 126.4, 126.3, 125.2, 124.2, 121.2, 120.8, 120.7, 15.6; HRMS:
calcd for Ca3H2oN3S2 [M+H]*: 402.1093, found: 402.1098.

1-(2,4-Dichlorophenyl)-3-(2-(quinolin-2-yl)phenyl)thiourea (5r)

5r

White solid, 78% yield, 331.0 mg; m.p. 185.4-187.2 °C; *H NMR (400 MHz, CDCl3) & 13.07 (s,
1H), 8.43 (d, J = 8.4 Hz, 1H), 8.27 (t, J = 8.8 Hz, 2H), 7.96 (M, 2H), 7.87 (M, 2H), 7.80 — 7.73 (m,
1H), 7.59 (t, J = 7.6 Hz, 1H), 7.50 — 7.43 (m, 1H), 7.37 (d, J = 2.4 Hz, 1H), 7.23 - 7.15 (m, 2H), 7.01
(s, 1H); 3C NMR (100 MHz, CDCl3) 5 158.1, 151.8, 145.8, 139.1, 137.7, 134.4, 130.7, 130.5, 129.2,
128.6, 128.0, 128.0, 127.7, 127.6, 127.0, 126.5, 124.2, 122.7, 122.5, 121.4, 121.1, 120.5; HRMS:
calcd for CooH16CI2N3S [M+H]*: 424.0437, found: 424.0445.

1-(Naphthalen-1-yl)-3-(2-(quinolin-2-yl)phenyl)thiourea (5s)

5s

White solid, 67% yield, 271.7 mg; m.p. 194.6-196.1 °C; 'H NMR (400 MHz, CDCl3) § 11.66 (s,
1H), 8.52 (d, J = 8.0 Hz, 1H), 8.19 (s, 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.93 — 7.82 (m, 3H), 7.63 (d, J
=8.0 Hz, 2H), 7.59 — 7.52 (m, 2H), 7.50 — 7.41 (m, 3H), 7.35 (m, 2H), 7.22 (d, J = 8.0 Hz, 2H), 6.25
(d, J = 7.8 Hz, 1H); 3C NMR (100 MHz, CDCl3) & 180.7, 157.2, 145.8, 137.8, 137.4, 134.7, 132.8,
130.5, 129.6, 129.5, 129.4, 128.9, 128.4, 128.4, 128.3, 127.2, 127.1, 126.8, 126.7, 126.5, 126.2,
125.9, 125.3, 1245, 122.3, 120.9; HRMS: calcd for CasH1oNsS [M+H]*: 406.1372, found:
406.1381.

3-(2-(Quinolin-2-yl)phenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (5t)




5t

White solid, 83% yield, 316.2 mg; m.p. 285.1-286.3 °C; 'H NMR (400 MHz, DMSO) 6 12.7 (s, 1H),
8.4 (d, J=8.6 Hz, 1H), 8.1 (d, J = 7.8 Hz, 1H), 8.03 — 7.96 (m, 1H), 7.92 - 7.87 (m, 1H), 7.9 (d, J =
8.8Hz, 1H),7.8 (t,J=7.6 Hz, 1H), 7.6 (dd, J = 5.6, 3.2 Hz, 2H), 7.5 (dd, J = 6.0, 3.2 Hz, 3H), 7.4 (t,
J=7.6Hz, 1H),7.4(d, J=8.2 Hz, 1H), 7.02 - 6.92 (m, 1H). 3C NMR (100 MHz, DMSO) § 175.9,
161.1, 156.2, 147.2, 140.0, 137.8, 137.2, 136.7, 136.0, 131.4, 130.8, 130.2, 130.0, 129.4, 128.5,
128.2, 128.0, 127.0, 126.8, 124.9, 121.4, 116.8, 116.1. HRMS: calcd for C23H1sN3OS [M+H]*:
382.1009, found: 382.1014.

1-Methyl-2-(5-methyl-2-(3-(p-tolyl)ureido)phenyl)quinolin-1-ium (5%)

5|

Yellow solid, 68% yield, 259.8 mg; m.p. 195.2-195.9 °C; *H NMR (400 MHz, DMSO) 9.43 (s, 1H),
9.33(s, 1H), 9.20 (d, J=8.6 Hz, 1H), 8.61 (d, J = 9.0 Hz, 1H), 8.47 (d, J = 8.1 Hz, 1H), 8.28 (s, 1H),
8.04 (dd, J=17.6,8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 1H), 7.49 (d, J = 8.4 Hz, 1H), 7.43 (s, 1H), 7.05
(d, J=8.0 Hz, 2H), 6.94 (d, J = 8.0 Hz, 2H), 4.42 (s, 3H), 2.38 (s, 3H), 2.15 (s, 3H); 3C NMR (100
MHz, DMSO) 6 170.9, 158.9, 153.3, 146.3, 140.1, 137.2, 135.8, 135.0, 133.3, 131.2, 130.7, 130.5,
130.0, 129.5, 128.9, 125.7, 125.4, 123.4, 120.2, 1185, 42.7, 20.8, 20.7; HRMS: calcd for
CasH24N30* [M]*: 382.1914, found: 382.1926.

2-(5-Chloro-2-(3-(p-tolyl)ureido)phenyl)-1-methylquinolin-1-ium (5")

Yellow solid, 53% yield, 213.1 mg; m.p. 201.7-202.5 °C; *H NMR (400 MHz, DMSO) & 9.26 (d, J
=8.4Hz, 1H),9.09 (d, J = 9.2 Hz, 2H), 8.64 (d, J = 9.2 Hz, 1H), 8.49 (d, J = 8.0 Hz, 1H), 8.32 (t, J
=8.0 Hz, 1H), 8.12-8.04 (m, 2H), 7.94 (t, ) =8.4 Hz, 1H), 7.79-7.71 (m, 2H), 7.10 — 7.01 (m, 2H),
6.96 (d, J = 8.0 Hz, 2H), 4.43 (s, 3H), 2.17 (s, 3H); *C NMR (100 MHz, DMSO0) § 170.9, 157.0,
153.0, 146.8, 140.2, 136.7, 136.1, 132.4, 131.6, 130.8, 130.3, 123.0, 129.6, 129.2, 127.7, 126.4,
125.5, 124.8, 120.2, 118.8, 42.8, 20.7; HRMS: calcd for C24H21CIN3O* [M]*: 402.1368, found:
402.1370.

4-Methylene-3-(p-tolyl)-3,4-dihydroquinazolin-2(1H)-one (6a)



sasl

6a
White solid, 67% yield, 271.7 mg; m.p. 215.3-218.1 °C; *H NMR (400 MHz, CDCls) & 7.66 (dd, J
=8.0, 1.2 Hz, 1H), 7.37 (d, J = 8.4 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.14 — 7.11 (m, 2H), 7.05 (d,
J =8.4 Hz, 2H), 7.02 - 6.97 (m, 1H), 6.94 (dd, J = 8.1, 0.9 Hz, 1H), 4.76 (d, J = 1.6 Hz, 1H), 3.43
(d, J=1.7 Hz, 1H), 2.37 (s, 3H).

1-(2-((2-Aminobenzylidene)amino)phenyl)ethan-1-one (7ad)

©\)\ NH,
s
N
7ad

White solid, 13% yield, 31.1 mg; m.p. 124.6-127.3 °C; 'H NMR (400 MHz, CDCls) § 8.04 (d, J =
8.4 Hz, 1H), 7.98 (d, J = 8.3 Hz, 1H), 7.71 - 7.67 (m, 2H), 7.66 (s, 1H), 7.53 (t, J = 7.6 Hz, 1H), 7.22
—7.16 (m, 1H), 6.84 — 6.77 (M, 2H), 6.14 (s, 2H), 2.75 (s, 3H).



4. 'TH NMR, 3C NMR and "F spectra of products

Lo1e—

PSLT—

059°s

B&e
me.Lf
€159
SE59
86L°9~5
#1894
HERY ﬂ
516'9)
02691
€669
1b6'9
7969
08691
Lr0'ed
850°L1
#o0°L
19z°e!

GS8'6—

o
T
=)

4a
'H NMR DMSO 400 MHz

€0l
IR
ol
mmmo,m
00
Asoz

L'l

=001

05 00 0

0

15 1

20

30 25

40 35

50 45

55

6.0

f1 (ppm)

6.5

7.0

90 85 80 75

105 95

115

1oe—

GELE—

LE5HR

S6'EllA
Z8°9111
L5°LllA
127211
0LE7L
86'E21
lose 1
(L2l
£8'87 1
L8871
88°621 )
zrogr”
GFPELE
99951
zoTrls
ZL0sL—

e

(R s

4a
13C NMR DMSO 100 MHz

s

-10

190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10
f1 (ppm)

210 200

20



el
mmm.ﬁv.
SPTL

SPLT—

SLEEL
r6's
656°€

15976,
599'6+"
86£9
NNE%
1059~
LZ§9
@Nﬁ_\
06L°9
8089
1169
1€6°9
9560
150°L
690°L
9571

ob8'6—

H NMR DMSO 400 MHz

=00

=60t

=00'¢

=101

FO°L
oz
=07
=401
ER ke
3807

801

=001

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

RGPl —

NEZE—

LPE9—

cE%0T

26114
08°9111
$9°LIL
09'0Z1 1
8171
69671
86621
90'521
LTLT1
16’821k
EERTARS
50017
£9'1€1

%,vm_%
9071
18051 —

L e s

£9°LS1—

NH/KO

4b
13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200



98LT—

SELS
SPL'S
P56
Sop9
8169
bES'9
£65°0
8.9
£08'9
£6°94
$56'04
186'91
66694
0L
s80°L ]
GLLL

0Lt
oL
w8T'L

e P

ST

BEO'OL =

4c
H NMR DMSO 400 MHz

FL0E

F00°L

0.0 0

0.5

20 15 10

30 25

40 35

50 45

7.0 60 5.5
£1 (ppm)

90 85 80 75

105 95

115

9ETE—

LO'L8—

09601
Pl
10°L1L
SLLILY
Zl6LLy
£9'0Z11
LOTZI
STTTIAE
€9z

98 'PEL]
6E'8E 1
Lo TRL
5Lyl
8£061-

13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

22



02696 —

4c
19F NMR DMSO 376 MHz

-130 -150 -170 -180 -210

40 50 60 70 80 90 -110
£1 (ppm)

-30

10

0

Z6LT—

LELS,
wwwﬁ“

89¥'9

£25'9
EMSW
995°94F
S6L'9)
£18'9
0569
0£6'9
686'9
800°L]
£80°L1
10141
6821
90€ L1
[T
18yLs

-

9001 —

NH&O

4d
H NMR DMSO 400 MHz

=00l

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

23



e =i B =N e R e s R R et =TT
N~ NS MmN—— 30T D — MO wy o
R R =R et Rt Rt R R n =) o g}
AT T OO NN NN O = g
[ R o

=

4d
13C NMR DMSO 100 MHz

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
£l (ppm)

-60.935

1SF NMR DMSO 376 MHz

w10 0 10 20 30 40 50 60 70 80 90 -110 -130 -150 -170 -1%0 210
£1 (ppm)

24



-20

-10

20 10

30

<
Lo
[=]
L
[=]
L=
L
[=]
Fed
J\l.w Fa PETE—
ZLLT— E60°E
Lo
o
L |
o
[=1
F
&
Lo 18—
" oty
“ 90°p11
00L'S~, copr | M BLEL
[N B . - 00°¢1l
8250 F G L6911
3_} JETE wm seul
€259 = gzl m 9z'zel
mmm.w_wﬁ St Loezl
GE.EW yEl o 6LETL
055'9 ) - A ze'sTl
1og'od - F50F R,R_M
gk
6180 SOl 00'6Z1~F
0EG9 | o E,om‘@.
05691 P 91'DEL
0060 PLFEL
5669 Lo 86171
15024 PS0OSL-"
6L0°LA <
. Fon 01091~
L60°LA
9Lz L “ £5°791-
[ o w
w N
T
LE6'6— = — 00l |
m Wy
<+ b
o =1
Y
= .9 m L
= D “
14 r=
() 2
z L
- [

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40
£1 (ppm)
25

13C NMR DMSO 100 MHz

220 210 200




SFTSLL-
ogestiL-
gzestiL-
80T'SLL-
raLSLL-
PRS-
1LLSTL-

w

1°F NMR DMSO 376 MHz

-130 -150 -170 -180 -210

20 30 40 50 60 70 80 90 -110
£1 (ppm)

-10

10

0

LT —

£8L°S~,
L08's"
F9t'9
8859
€659
Fm,m%
0659
mmm,ﬁﬁ
7689
0L0°L
680'L
60L°L
6Z1°L
951'L
9Ll'L
0EE'L
LbE'L
£9€°L

1911 —

=}

1H NMR DMSO 400 MHz

=001

20l
2007
L0
w0
10t
ol

=001

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

26



G5 TE—

GE'IS—

pL 601
6111
1S°LLL
£9°L11
slezl
p8ETl
06'€T1
08’5zl
ph LTl
00'821-F
LO'6TL
80°0€1
TP oEL
9z'z€l
FO'EEL
S0'1pl
s 1pl

SFeLl—

o

4f
13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

65LC—

889°S~,
ziLss
8EF'0
SE%
€50
7569
8189
9E8'9
£€6'0
£56'9
1469
166°9
Zo0°L
8LO°L
9ST'L
L8T'L
SOE'L

886'6—

s

1H NMR DMSO 400 MHz

EI0e

=001

501
o0
+80°1
o0k
pog
“goe

0L

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

27



PETE—

e

1L
SO°LLL
£5°L1LT
24021
$E'TT 1
£9°€T1
0L°€T1
LT
9€ L2 1A
68871

L6'6T 1

5

STOELT
D?ml\ﬁ
SepEL

mhmm_\

LlFosl—

I

13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

150T—

89LC—

TE9'S~

5o,

:q.Lﬁ
6159

6595
#EW
£96'9 w
8.9
z08'9 4
1169]
§T6'9
9691
$L6'0]
£66'01
£L0°L]
$80°L]
£01°L
zize

088'6—

o
I
o

4h
H NMR DMSO 400 MHz

— L

Fspe

—El'E

=E0'1

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

28



PO'LE—

ZETE—

ATt

LEELLA
889111
08'L11
612211
LRETI
81571
FATAR
68'LT1
80'8CL

86'8C 1

s

£

EERTAR
90'0el~

P LEL~
2T 6EL—
slzpl””

95051 —

13C NMR DMSO 100 MHz

-10

50 40 30 20 10

60

190 180 170 160 150 140 130

210 200

I8L'T—

©
o
oo
[¥=1
o
ST

O |
NH’KO

4i
H NMR DMSO 400 MHz

=601

80'1
4807
ack!
mmm.m
@%3
AL0E

#0'l

=001

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

29



o v f=) g — ST U 04— 00 MO MO WO [ 03
38 % SXSARRRRNSRESIZ e
g2 2 SFFARARANENECE E &
S/ I 7N St
-
4i
13C NMR DMSO 100 MHz
]
30 20 10 -10
cxan
U i 4
-
1F NMR DMSO 376 MHz
0 10 0 -0 20 30 40 50 60 70 B0 90 -110 -130 -150 -170 -190 -210

£l (ppm)



8LLT—

LEL'S~_
LepsT
EV_L(
6E5°9
LSS'9
BLS'9
#2894
zv8'94
6269
6769
086'91
66691
980°L1
901 L]
[SANE
Pl L
zLl'L
z8eLt

S

S

LEOOL =

&

H NMR DMSO 400 MHz

—E0'E

=80l

00l
4902
001
SE0E
=20
Fs01

0l

=001

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

Zl'LE—

st

8811
8121
a4t
20°LZ 1
9p'8zL

PLOEL
60'ZE L

LETE L
ZLEE L
BEPE L
LOPE L

LEPELY

L mans

£S'6EL"
ELSEL~

90'ss1—

=

4
13C NMR DMSO 100 MHz

Ll

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200



Peo0
:h.ow
8ZL0

Faze
4143
Lg'e

fZee

089S

Fod'
9859
mmm.m%
pssro—=
61994
6£9'94
£28'9
9p8'9)
1€6'9
156'0
0Lo'L
620°L1
990°L1
Lized
9gz'L]
9621
sleed

o

9g6'6—

(=]

4k
H NMR DMSO 400 MHz

=0t

=e0g

=90°L
a0l
60T
Loe
Jro0e
=60°1
0L
L0g
a0'e
Lot
G0°E

=001

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

SPil—

561

£LplL
06°L111
0611
P9'1Z11
€EETl
ZrETly
99’621

0L'STLY
0S'LTLA
£6'6T1
L€ 0E1~,
PRI0EL-
20561
9€0F1 ~

.
L

92051 —
8L'SS1~
8LLSL—

o

13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200



(=]
7090 l o
1290 S
6£9'0 -
LeLo »50% [ S
mmhoW BLOE|
S5L0 L .
i -
GEW - LA
pap'l )
el [ o 8LTT— -
19LT ci
@E.L -
SOLC [ = .
£C0'E = =£0'1
e e F 2 L0'SH—
090°¢ N cLoe
6L0°€] L
SE0T
siied |
Dm_& =
6FLE [ -
-+
| = 8T6L—
e
MWWwW I = s ﬁ) -
2659 L o.w LSELL
. e [ 0L91L
0599 : = .
99' 901 | vm,h:
- ~ Jzo F 8 Fo'1TL
£9L°9 - ,
Nt Z o 882zl
88LO-F = FEOL L he
07894 - — e b 2 mv,mm_.
Q&.EW = 01 PTSZINL
ol AL BTBTL~
9Z6'9 A ,
vvﬂ\u.@_ it 8L ow—l
. 8T 0EL
8L0°LA Lo
il P 90l
3 - 65 FEL
STL'L “ ,
2pLc] Fo L50pL
Tore ] LO0SL—
z6l 'L ~ S - ~
1z'L i I " 5 £
19— = ‘ ) oot [ @ =
s ‘ o 2
o — w4 o
7} L2 B3 7}
3 - \ -
x | O - x
3 . A =
L3 o
I ol 9
L -
“

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

210 200




L 00'€
=

LLLT~
faa — 3. n¢

997°T = Lot

8LT— QU; =60°E

9E9°S~, - /e

099'54" Lo0

S8E9

%v.Lr 001

6859 _ = 20T

EEW B 1o

s f — 60t

m,.h.c;ﬁ —= 3 mo”m

L9L'94 1ot

L8L9]

£6L9

L6L'0]

71891

51804

22691

1£6'0 o

15694 9

Ss0°L)

TrR6— — =001

H NMR DMSO 400 MHz

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

£0°1T
6zl

RT'TE—

e£%0%;
LELL
L9911+
19°L11
FATAL
90'€71
RzAR
L8PEL
9z LTI
188214
L00E LE
€S PEINE
£5'9¢1

98'9€1

SE6EL—
s0gpl

SLOSL—

=
3]

13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

34



SSLT—

629'€—

4q
H NMR DMSO 400 MHz

e ———

=701
001
F0'l
=10t
ot
Lo

Jroow
Lol
o0l

=001

7.0

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

90 85 80 75

105 95

115

£5°0E—

GF'SE—

SUI8—

09'601
9lell
£0'FLL
LTLLL
0L'L1l
6EETL
ELETL
98'ETL
ersTl
mm,hﬁM
£0°6TL-F
86'6Z1
8z 0Cl
08'zel
00'Eel
Zo'vel
89°1%1
OF8sl—

BO'ELL—

13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200



SEN'L
PS0°1 W
€L0'1
9ZF'T
ST
POF'T
E£8F'T
Q9.

L

BLY
£5LS
pLE9
8649
pES'9
959
L95'9
LRL'9
06L'9
S08'9
6089
Qo,ﬁﬂ
FLO' L
Z80°LY
160°L
£60'L)
001'L
SOLL
a0L'L
0S1'L
691'L
SEE'L

EFLL—

o
T
(&}

ar
H NMR DMSO 400 MHz

=0t

=07
=00'¢

=101
001
10t
7011
20T
00l
20k
1t
0t

=00t

6
f1 (ppm)

15 14 13 12 1 10

16

9LSl—

GOSE—
LETE—

yree

0z'18—

#9601
0pLL
9z'LLl
LLLLL
PeTl
LLETL
9R'ETL
(A eal
[ArFal
6Z'LEl
ezl
86'6T1
czoel
9s'1El
an'eel
0L6el
LLIFL
Zaerl

69ELL—

)
T
o

13C NMR DMSO 100 MHz

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210



=0

TH NMR DMSO 400 MHz

101
‘?D._
iy
101
53
€0l

F10¢
F0'l
10g

Jl 1 1

6
f1 (ppm)

1 _M_,

- =001

10

1

12

13

14

15

16

£9°2E—

6BhT

GE01L

el
09°LLL
867211
9871 1
90'rzLy
80921
gran |
90'621
€5 0814
20ZE Ik

L0ELl—

4s
13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10
f1 (ppm)

210 200



<
(=]
[ o
Fa
<
5Tl M=
E,@ =0'€ 95 bl — -
£62'1 o
[=]
e
uw | £9°7E— -
=
96L7— \g =00E [
b
——— Wy
[ e
i J | = P19
ore 't ezl T
ST [
SLTF -
L= TR—
i s%bis
- TPl
verc [ €Ll
> - =10’ E 9Ll
oeRss ! o.w 0Tl
EL °2 szl
0Lk'9 — S0 [ v g5zl
625'9-F = B0z [ Y i
w9k - T ST TR |
5959 ——— SBUE[ 66'8T1
085 9 — qlot 0671
, . F
1099 ) sor R SPOELE
1089 — Loz Nt
o - 00'€EL~
50| e 6P 1pL—
o1 - ,
G6ll'L = [ oo 0L9%l—
£90°L] 2 oy
€8l'L A F o S
9€E'L N
1hE'L S o L , Ao I
LSE'L o = leddds W
TUEL = L 0z ELL— . e
8LE'L 2 m
6592
= m .m £ m
= a
M r o
= ——— =l w W
= - (3]
T e
"

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

210 200




TERT—

8966~
766'S
6L1'9

m%,uwm
opsodt
85594
9L5'9
€199
pe9'9 )
Dﬁi
88L'9
S60'L
FLL'L
STLL
£ElL
il L]
Zol'L
rol L]
S1Z'L
8LE'L
96E'L
SIP'L
10L'L
SHL'L

4u
H NMR DMSO 400 MHz

A

=90']

501
yo0tL
o
Yoo
=907
Mrfmo.m
sot
LHS.N

501

=01

6.0

£l (ppm)

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.5

7.0

90 85 80 75

105 95

115

LLTE—

SLI8—
68'601

6FpLLA
0L'LIL
b6'LLL
1121
96'1211
06'7TI
00'FTLY

sL6Tl
mo,om_%
¥ 0EL 4

19014
SETEL]
£5°€EL ]
61'IbL
€LEpl

ELELL—

4u
13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200



LE'9—

4u
19F NMR DMSO 376 MHz

-130 -150 -170 -180 -210

20 30 40 50 60 70 80 90 -110
£1 (ppm)

-10

10

0

18L2—

[,

4y
H NMR DMSO 400 MHz

- =£0°L

F0'l
M%mo.m
00'e

o'l
Len.

a0
38011
%ﬁ:

Lt

— =00l

0.0 0

0.5

20 15 10

30 25

40 35

50 45

60 5.5
£1 (ppm)

6.5

7.0

90 85 80 75

105 95

115

40



09°Ze—

0 18—
1L601
SUbLL
9511
8LP1L
bhLLL
89°L1L
Pz ETl
Z8'eel
LR'ETL
PLSTL
mm,R_M
£16z1-f
FODEL
9€ D€L
plEcl
STREL
8T'8EL
09'1p1
PLD9L~
L5°Z91-

LYELL—

£}

13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

GLYELL-
PO9ELL-
SS9El
£F9"
LE9ELL-
1Z0°Ell-
LO9ELL-

™8

1SF NMR DMSO 376 MHz

-130 -150 -170 -180 -210

20 30 40 50 60 70 80 90 -110
£1 (ppm)

-10

10

0



LT —

£8L°S~,
L08's"
F9t'9
8859

€569
F?%
0659

mmm,iﬁ
7689

0L0°L
680'L
601°L
6ZLL
951'L
9Ll L]
0EE'L
LhE'L
£9€'L

Cl

H NMR DMSO 400 MHz

=001

=00'1
ooz
eol
L0
=£0'1

=001

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

RETE—

8El8—

£L601
81l
b LLL
Z9°L1L
plETl
€86l
68'€T1
6LSTL
EF LTI~
66'LZ1F
90'6T1
LO0EL
1P 0EL
bz ZEl
£0'EEL
PO 1Pl
€51l

LPELl—

@]

13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

42



8LLT—

LEL'S~_
LepsT
@S_Lr
6E5°9
LSS'9
BLS'9
#2894
zv8'94
6269
6769
086'91
66691
980°L1
901 L]
[SANE
Pl L
zLl'L
z8eLt

S

S

LEOOL =

Br

4x
H NMR DMSO 400 MHz

=10'€

=801

0l

20T
S0t
%S.m
st
mﬁﬁ:

F0'l

=001

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

Zl'LE—

a2 T,

SR8l
[ZREAR
bzl
Z0°LT1
9r'8REL

ISETAR
(AR

5026 L
LETEL
TLEE L
AR
LoFEL]

LoFEL
mm,om—\\‘

T

(s

90'ss1—

-
[=2]

4x
13C NMR DMSO 100 MHz

T

i

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

43



OFz'e—

bLO'L
pa0'L
09L'L
8LL'L
LolL
S5E°LT
9LEL
62p'L]
Shh'L
Lop'L
579t
Pro'L
299°L
POS'L
£Z8'L
1b8'L
268'L
116
6008
LT0'8
8P0'S
8918~
6818

v
@mw,m\
hhm,wx

00S'8
1z8'8
60F'6—

5a
H NMR DMSO 400 MHz

i

=001

85

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

75 70

80

9.0

105 95

115

PROT—

L9611
szl
12Tl
85221
€921
ZL9T14
S8 LTI

Clm

L

8081~

96714
19'621
S10EL
SE0g1
$t0€1 4
ATt
89'LE11
S18E1]
S0'6E1
059t 14

[
ﬂ
[

9Z'ES 1
SH'LSL

13C NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

44



s0T'L
@mﬁ.%
S9p'L

mmﬂ.%
099 L~
SpRL—
6L/
mmo,w\
NE,M\
@vm,m\

9ZS'8

ZhL6—

1se1l—

F

X
-

5b
1H NMR DMSO 400 MHz

L

7.0

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

90 85 80 75

105 95

115

8E0CL
8F1T1
LLIEZL
efeel
06'zel

erozl
F@N_%

OF'LZL-E

ziseLd
SpeTL
9z 0£1
mm,oi
SS0EL

T8l
08811
89'61 4
LUErl
08951

L

I

PLEST
06'Ls 1

w

3C NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

45



SOF'6S-—

F

N

F

-210

-190

-170

-130 -150

80 90 -110
£1 (ppm)

-70

-60

-50

40

-30

O
NH\ﬂ/NH
0
5b
-0 -20

5c
1H NMR DMSO 400 MHz

=N

19F NMR DMSO 376 MHz

10

Lot
0’1
€0T
SOl

waoé
F00°T
Wmo.ﬁ
3001

B
] b
4 ool

—_— =00l

7.0

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

46

6.5

90 85 80 75

105 95

115



NHTNH
(T

5c
13C NMR DMSO 100 MHz

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 50 20 0
£l (ppm)
s O —
=~ 00 o —
-
F Saa
N L
|
1
NH\"/NH
O o
5c
19F NMR DMSO 376 MHz
100 50 0 50 -100 -150 -200 -250 300
£l (ppm)
S

47



L

€81°L
102'L
02z L]
91E'L
8EE°L]
ObbL
65t
L
oS L
9zS'L
6E9°L
859°L
LLOL
9z8'L
SH8'L
F98'L1
SL6'LT
SE6'LA
208+
SHO'8A
890°87
zsl ,i
ELL'S
168
2568
LSS
GES'S
999'6—

=
' . =2
-y

H
5d
TH NMR DMSO 400 MHz

v

0ol

=101

=00'1

0.0 0

0.5

20 15 10

30 25

40 35

50 45

60 5.5
£1 (ppm)

6.5

7.0

90 85 80 75

105 95

115

SLOT1Y
8P 1T
£P'ZT1
98'2Z1
56'ST 1A
LEITIA
SL9T1
1LEL
71'8T1
50621
9’621
9Z'0€ 1
5E°0E 1
SS'0E 1
ST'8El
0R'RE L
9€°6E 1
8971 4

.

F

T

LO'ES T
0Ll

-

5d
13C NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

48



2814
ouz'L
8ITL
6SL
0bo'L
LSO'L
SL9'L
88 L1
9p8 L1
rosf
816'L
Rmi
P08
Lrost
1087
mz,i
8918
pEE'S
PSS
8l
v’
1696

FrE Ll —

S5e
H NMR DMSO 400 MHz

J i

e

\
I\

¥

Al

.

€01
u\___ﬂmo.m
0L
%ho.ﬁ

=10t

=00l

0.0 0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

06°ELLY
sU1zly
6121
prEEly
882214
869214
sLYzl
1Lz

ZL8TL-F

Sh6Tl
9Z'0E1
68081
@m,oi
pa 1€l

9z'8€ 1
LLSEL
6LGEL
8b9p 14

N T

i

E0'ES T
68'LEL

Se
13C NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

49



9zT—

6L'9

|24
PLL
9L
8L'L
6l'L
1z
Lzl
0E'L
PhL
9p'L]
LFL
19'L1
99°L
89'L1
8L
P8'L
$8'L
06°L1
26'LA
208+
£0'8+
FO'R=;

mo,m.\
91'8
mﬁm%

168
rs'8
1F6—

8111—

CHy

/N

H NMR DMSO 400 MHz

NH\[(NH
o

5f

€01

Frl0e
80C
0L
P01

Joort
mHi:
260
€01
20l

=00'1

=00'1

0.0

0.5

20 15 10

30 25

40 35

50 45

55

6.0

£l (ppm)

6.5

7.0

90 85 80 75

105 95

115

S9lE—

69°911
100211
25121
9T
69721
Lzeel
15921
FL9T1
98zl
60'821]
£0'6714
91621
clogtd
LE0E 1
15°0EL
8U'8E L
881
L6'RE L]
0z 0p 14
§5'9p1 ]
1zes1

v

L

[

F

FoLSL-

CH,

5f
1*C NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

50



0le'l—

Cl

=N

59
H NMR DMSO 400 MHz

G0°l
90°g
801
60T

1ot
Teot
29011
3502
w_rmh:
1%3

60°1

—20'l

—001

0.0

1.0 05

15

20

50 45 40 35 30 25

55

6.0
£1 (ppm)

70 6.5

g0 75

90 85

11.5 105 95

125

L9501
£6'S01
L5801
HLBOL
S8FLL
om.—wﬁ/

G.mﬁ% —
Loeel

mr.@wﬁ/ —

0F'LZL— R

Z1'8zl B

6F'ezl

FTOEL

95°0EL

F9°0EL

1T8EL E—
SO'8EL -——
9z'Irl
S5°9FL
R0°ESL
GR'LST

Cl

"
59
3¢ NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 9 & 70 60 30 40 30 20 10
f1 (ppm)

190

220 210 200



S1TT—

SS0'L
161t
st

LhOLA:
06L L~
0684
pz0's
6LLS

Enm%
559'

SLO'L L=

5h
H NMR DMSO 400 MHz

JL

oot

0.0

1.0 05

15

20

50 45 40 35 30 25

55

6.0
£1 (ppm)

70 6.5

g0 75

90 85

11.5 105 95

125

IF'8l—

65121
mm,wi
DLTTLA
6LFT1Y
999214
1L'9Z 14
8971
gLzl
LO'BTL
8621
910e1
0k 0g1
98'0€ 11
09114
s LEL
90'8€ 11
S0'6E1]
ENUE
9L'€S1

FTnETIT

S6'LSL

5h
13C NMR DMSO 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

52



608
601’8
£T18
6518
BLL8
961°8

[4%4 m._
£52°31
7Lz’
SLEST
L6b'8

91581
9L9'8

6981
1481
7881
£08'81
78881
206'81
£26'81
TH6'S
£00°61
V2061
690°6

680°6
$61'6

9LL6~L
L¥E'6

892°6
mvm.m*»
1LS'6
8FT01—

SPL1l—

5i
H NMR DMSO 400 MHz

il
IR
uﬁg.m
o0l
Ll
wLUE
60l
501
ot
€01
z01
Lol

=001

0.0

1.0 05

15

20

50 45 40 35 30 25

55

6.0
£1 (ppm)

70 6.5

g0 75

90 85

11.5 105 95

125

1L'9114
069111
8L
PLETL
PARZAR
19°%Z1
Liszl
szszly
68571
z6'szl
68T
Le'sTL
£9'8T1
pLRTL
006214
A4S |
bS0EL

orieL W
Op'1ELE
85'1€1"
£0'6EL

Ze6el

SELPLA,
§9°gs1

a,vﬁw
L0951

sgscl’

5i
13C NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

53



Lap9gl-—

-300

-250

-200

-150

-100

£l (ppm)

-50

5i
50

18F NMR DMSO 376 MHz

100

alee
0gg'e

Botdy
VME/
sl08,t
9zZ0'8
LE0'R
8h0's
paL's
vsis/
6088
1€5'8

GEEG—

LLU'IL—

Jldq A

P

In

L

JL
95

L

J

5§
TH NMR DMSO 400 MHz

=909

=601
802
S0l
JE0L
sul
90l
2001
407
ot
101
€0l

=001

=001

0.0

1.0 05

15

20

50 45 40 35 30 25

55

6.0
54

£l (ppm)

70 6.5

g0 75

90 85

11.5 105

125




LSle—

1£911
62°LLL
75'1gl
[
r9zel
L1rel
Szl
£L9T1
SELTL
808214
96T 1
S10El
LE0ELS
08°0€1 4
01'8€1
00651
01°0%1
€593
EINISE
pa'LSL

ﬁ

i
i

3
13C NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

Lk6'0—

sl
ommav

1LT'E
I8T'E

£98 P —

zl'l
6lF'L
FLS'L

LSL'L
6FRL
898'L
0Z0'8
8E0'8
0928
mbwmw
08BE'8
HGE'R

CHy

Y
Y

98911 -
Oa

H NMR CDCl, 400 MHz

5k

U

5

6o

Feot

ot
el
290'1
%%.m
=107
g0l
201
ol

=o'l

0.0

1.0 05

15

20

50 45 40 35 30 25

55

6.0
£1 (ppm)

80 75 70 65

90 85

11.5 105 95

125

55



(=]
re
L2
=1
L <
68 11— —_— = L
Lo |
, (o] -
LTET— I SHZ T~ - |L rloe
L k - —— o
=1 E€LET J ap'e |
=] | |
L9Tr— — L
L m J L
(=] b
" O
[ 2 L
2
— . L
= 18691
0o0°L -
FR 9L0'L
LIzl g 960L{ L
[l L mMm L9€'L
P61zl o LBELy L
vz'szl = $29'Lq
Lrozl - i nlw_ =201 L
zL9zl - 68L'L1 ) Rz
bL Ll e ra LI LA — rooz |
62'821 I LES'LAL - el
€560~ = g oLt —= Fwe
NSM&. 0zo'8 - hroe T
pE0EL — = P08 - Foo't
il = FFC'8 ~orr
LEBEL — - boz'8
91971 ra 69p'8 7 L
9L TS L~ ] U6E'8 ]
79'851-" — L8 Lib6— o — Toot |
N Q N -
o I = I
5 = re = 3
(&) T o
(=] =
[/rw o [= =] L
- ra VHO -
—0 = T W
[$) =] = = L
z ...ku a F 2 - w w
‘ z M g ar— VAR - —— Foot b
\ A = = _ =
_ =z - =z L
Q = 0, 4
2 T s L
(=]
oo
a

0.0

1.0 05

15

20

30 25

50 45 40 35

55

6.0
56

£l (ppm)

70 6.5

g0 75

90 85

11.5 105 95

125



(=]
L] _
=
o
Lo -
€800~ [ 1 rR
v
L o
2
(=]
[ =+
]
Lt
(=]
" O
=
e
]
(=53
=
=9
_ 9z5'9 .Iﬂ_ =001
- .
99°611 - mw aked ‘
1z'el o mom; Jo Lot
99221+ = IS -% 60°€
@zl - E_mﬂ ——
ObEzLA o ERE'L e
R,@N:W - —_— M= %v.tw ui L0
LULTIA _ £lb'L _ o
S,WNTW - == - & x4 ¥R | o
wm,mmiw oL
656271 | =] b L]
E,om_,ﬁ - 19k
mvoi — o 18t°L1
et | ~ ra 69'L]
pLLELf - - PlLLL]
90'8€1 r . re 6TLLT
516E 1 z N 8L
S6'6E1 4 I Le 5L N
TE = - 1918 T
9z €61 z S g 68184 =
00°8S 1 o - ra 91z'84 T o
. o] - LEP'S | S
z = m - S st /\"s -
B o = z m M —— 0l
) g S z ‘
=
= =z =] \ / m
A
o, ..na.u — =
T - = I
8 E

10 05 00

15

70 65 60 55 50 45 40 335 30 25 20
57

£l (ppm)

95 90 85 80 75

125 115 10.5

13.5




18021,
ReAY
S1szl
2921
69211
979z 14
L9214
9Z'L71
15821
80614
Lzt
8r'6Z1E
0L'6Z1)
LO0EL

9F'LEl
£S'LEL
FZ8EL

La'syl
ELLSL—

00'6Ll—

AN @
MNH NH
Jr
Sm

13C NMR CDCl, 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

s
9169
8E6'9
S0Z'L
0ET'L
08T'L
66T 'L
Log'L
ZshL
95r'L
997'L
69 'L
9Lb'L
L8P LA
067 'L~
SE9°L]
k9L
59t
655944
0L
16LL
LEL L
SPL'L
SbL L]
LSLL
19LL
920'8
6LL'S
00Z'8
k'S
£or'8

6EG'LL—

TH NMR CDCI; 400 MHz

—r0'E

00'L
30T
“ﬁg.m
2201
=£0°€
wﬂg_ﬁ
530
1401
590'1

o'l

=Z01

10 05 00

15

70 65 60 55 50 45 40 35 30 25 20

£l (ppm)

95 90 85 80 75

125 115 10.5

13.5



POSE—

81§11
Z0'1T 1
s1szl
691
95971 4
£9'971 4
pL'9T1
52'LT1A
9L'8T 1
£6'RTLA
LF6ELAE
mm,mm_w"

S8'6Cl
[
mv,hmﬁk
LO'8EL
60'9FL

SELS T~
psRsL-"

6F6aLl—

HaC
™o

=M
NH\"/NH
1

5n
13C NMR CDCI; 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

A
8S0°L
SLOLT
9L€"E
9€€ "L
LSELT
Lot L
LbS'L
695 'L
0P8 Lof
658°LA
606°LA
vg.ﬁw
LS6'L
SET'S
86’8
GOV'8
LEP'S

-

8le0l—

660°T1—

50
TH NMR DMSO 400 MHz

L

=80t

€01
o0l
0’1
Lol

0T
wg.m
4801
Fooz
00l
90°'L

E=r0L

=001

6
£l (ppm)

15 14 13 12 1 10

16

59



80°66—

00°011
960111
92911

5121
92'SZ 11
99°9Z 11
1221
SE'LEL
60°82 L
17521
28'6T 1
L6'6T 1
91'0E 1
8£°0€ 17
s oeL!

81'8EL
S9'REL
LU0FL

F19%l
8L LS~
0s'091—

A

oLl —

50
13C NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

LEl
mmm.—w.
ave’l

662
LIEY

seey

ket t
S8E°L
6852
8652
092
929°L
oL
VeeL
ob6L
196°L
s66L
9108
cer
88k
6058

9L8'01—

5p
H NMR DMSO 400 MHz

=L0'E

=0T

10
wﬁ%.ﬁ
N%.w
FE0°S
Al

801
émoé

=201

=00'1

6
£l (ppm)

15 14 13 12 1 10

16

60



0Lel—

90°19—

L9121
ZLTEI
b9'SE 11
bR'SZ 1
£8'9Z1 1
OL'LEl
6E'LT1
€782
6£°8T 1
25621
8£°0E [~
19°0€1

59°0€1

9U'sEl

=
il

VIR

08Pl
i/

9L'§91—

0s'6Ll—

13C NMR DMSO 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

B

et
9€1°LA
01
GLLL
8L
PRLL
97z L]
872°Le
LT Ly
805°L1
8TE 'L
phbL
ShbLA
LopL
98"L
680°L
$89°L
1692
S04
zied
CITNE
1ee L]
seeLd
518
9018
928
9Fp 8

T

6L8°TL—

CHg

5q
H NMR CDCl, 400 MHz

101
Lol
o0z
2L0T
Azt
S0
260
b’.

80T

=00l

6
£l (ppm)

10

15 14 13 12

16



LS'Sl—

$9°0211
LL0Z1
ara
€TPT1
61'sZL
£c9z1
0r 9zl
08921 |
STLT1
86871 1
01’6z 1|
1£6z1y
T
06621~
010EL
SSUEL,
S0'8EL
81'8€l
_N,::\
L6'SkL

90°LS1—

SE'RLL—

5q
13C NMR CDCl; 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

€104
79141
SO1°4
£81°L1
96147
10z'L1
81247
vZz'L
L9€'11
£LE 'L
1bb'LA
b1
2ok L7
0847
£8F'L|
Eﬂuﬁ
P8RS 'L
P09'L—
SP.TW
054/t

%P.Ew
sseL]

S8L'L]
LER'L]
L08'L1
588'L]
L88'L]
Sz6'L]
Li6'L]
996'L,
LB6°L]
€628
SLz'89
L6287
£zr'8d
o8

SLOEl—

5r
H NMR CDCI, 400 MHz

F0°L

10 05 00

15

70 65 60 55 50 45 40 35 30 25 20

£l (ppm)

95 90 85 80 75

125 115 10.5

13.5

62



08021
01z
S€'121
08221
97014
81¥21
089714
£0'Lz1-
09'L21-
INTAE
008214
F0'8Z1 )
19821

£2°6211
Lr0EL]
ZL0g 1]
ot FEL
92614
LUesL]
08'Sp1 4

L

e

e —

PRILST
60'8614

13C NMR CDCI, 100 MHz

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

210 200

OPE9-,
8377
ObE'L
65€°L
PER LA
1§k'L
69 'L
68 LY
£65°L]
255'L
zis'd
LL9L
LE9L
LPSL
182
SRSL
168°L]
b06'L
690°81
0608
6058

LS9 —

.ﬁ |

_—

L

"H NMR CDCI; 400 MHz

1

F

0T

80T
260°€
60T
80T

60E
_FR0L
S0l

Lfmoé

ool

10 05 00

15

70 65 60 55 50 45 40 35 30 25 20

£l (ppm)

95 90 85 80 75

125 115 10.5

13.5

63



60T L
62214
Al
ARYAR
6R'STL
¥Z'9Z 11
0592 11
89'92 11
£8'92 11
80°LE L
61°LZ L
1£'821

SE'RE L
8E'RT 1
R8T
SE6E 1
€562 1
29'62 1

frosL—
vm,wm_w\w
0L
mmsm@s
€81
Lisrl
LULSL—

69°081—

5s
13C NMR CDCI; 100 MHz

-20

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

220 210 200

GLG™Y
GRG'Y
2004
PREL

FOEL]
98€'L
SOP'L
PIpL
9L
£LPL
08%'L
S8P'LT
729'Lo
1£9°Lo
LEDL
SF9'LA
BLL LA
L6L'L]
L18'L
68 L
098'L
8L8°L)
168'L
Z06'L
£66'L1
LO0'R
91081
L8
L90'S
05¢'8
1LE'8

lneel—

-

=
VHS

=z

N
T
=
(=]
(=]
g
=9
v =
o
x
=
H
e

P01
€01
8071
80
L0g
8071
a0l
S0l
SOl
101
00l

=001

6
{1 (ppm)

15 14 13 12 1 10

16

64



a0'91lL
SLOLL
FFLEL
88Tl
18921
FO'LEl
LO'LTL
918zl
0S'8cl
EF6TL
Lo'6Tl
LLDEL
LL'OEL

Flel
Znoel
mﬁmm—V
1ZLEl
cﬁbm—\
100kl
Ll'Lpl
gL9sl—
LOL9L—

PosLl—

AN
N NH
T

S
o
AN |

S

5t
13C NMR DMSO 100 MHz

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

210

65



-20

-10

20 10

30

Lo
L0z
| o etz
SOTh—
[ A = A
SLET— p =00°€
PR S
Libp— = =80¢
o =
LEOL 9p'8ll
, — 8Lzl
S0l Al
wmww 00T |2 gegry
e r 90T E el
£05'L e Fll~ pg
Wwww : ) g0l 15621
oL — 01 10°0£1
9005~ T FTE® g
seo s —— il FEOEL
003 T uﬂvo,_ 8L'IEL
8z S A PLTT cregr
wmmm ﬁ T RS0l £0'SE1
, 0] o zgsel
8Lb'R B L I U1 4
LES'S x z
0298 2 m,..,ow— =}
LRL6 L] Lo oEonl
076 5 mm,mm_\
6286 = L vewstd
bere . g Lo gm0l .
=z =
o
7\ on_m n 9 Fo Hm
: § z
= 3 g
x -
< =
T =
x e
@ S
T e T

90 80 70 60 50 40
66

100
f1 (ppm)

110

170 160 150 140 130 120

180

5‘
13¢ NMR DMSO 100 MHz

210 200 190

220




S9Le—

)

¥

6LF' P —

2569
ZL6'9
b0t
1S0°t
190°L
9Lt
Seet
osos
680'8 ﬁ
008
1ze's ﬁ
S8p'8
peo's
959'8
SL0'G
860°6
9Pz'G
£92°6

e

l s

|

LIJJ

I

o
T
=]

NHJJ\NH
I
TH NMR DMSO 400 MHz

=50'E
=00°¢

90°Z
€0°g
10T
Mvo.—
10
mrmo.—
wﬂoo.—
00°L
Log
Lol

f1 (ppm)

15 14 13 12 11 10

16

eL0Z—

GLTF—

6L'8LL
1z'ozl
ER'FTL
1§'SZL
LF9z1
OLLZL
81'6Z1
LS'6TL
LA'GTL
1E0EL
ZR0el
z9'lel
eFzel
£19el
L99E1
LL0FL
9L9Fl
SG'ISL
S6'9¢1
L8OLL—

=

CH5

5
13¢ NMR DMSO 100 MHz

-20

-10

60 50 40 30 20 10

70

210 200 190 180 170 160 150 140 130 120 110 _ 100 _ 90
1 (ppm)

220

67



0LET—

0z

omw.m\{

95Ly
025
62691
760
6169
b LG9
P60
Z10L
SL0°L
LE0'LT
850°L1
LU
1Z0'L
£E1°EA
LELEA
06Z'L
6L
G0E'L
STEL
SeE'L
9LE'L
oL
059°L
L99°L
0L9'L

CHy

CH,

N

NH/J\O

6a
H NMR DMSO 400 MHz

J‘L JJJ

ol

=60t

=01

=001

o'l
Mg.ﬁ
L't

0L
Joo.m
8071

1.0 05 0.0

15

20

25

40 35 30
£1 (ppm)

4.5

80 7.5 7.0 6.5 6.0 5.5 5.0

8.5

8PLT—

$8L'0
Z6L'9
6L 9
£08'01
DL8'97
0£8'9
9L1L
mt.jﬁ
L61' L
PLE Lo
EN.L
oIS’
8ZS'L
8PS'L _ﬂ
599't4
m%_h_ﬂ
S69°L
869°L1
90L't]
0L
0L6'L]
066'L]
ze0's ]
gcog

i~

NH

CHa

7ad
H NMR CDCl, 400 MHz

Jl

a

il

h

o

=r0E

—e0e

=0

=801
301
420l
{10z
001
10

95 90 85 80 75 70 65 60 55 50 45 40 335 30 25 20 15 10 05 00
£1 (ppm)

10.0

68



5. Crystal Data of 4c, 5n and 5v

The crystals suitable for single crystal X-ray diffraction were obtained by slow
evaporating the chloroform and methanol solution of 4c, 5n and 5v at room
temperature in open air for about five days.

For X-ray structure analyses, the crystals were mounted onto the tip of glass
fibers, and diffraction data were collected on a Bruker Smart Apex Il CCD
diffractometer with graphite-monochromated Mo Ka (A = 0.71073 A). An
empirical (multi-scan) absorption correction was applied with the program
SADABS. The structures were solved by direct method and subsequently
refined on F> by using full-matrix least-squares techniques (SHELXT). If not
noted otherwise, all non-hydrogen atoms were refined anisotropically, and
hydrogen atoms were located at calculated positions. Figures of the solid-state
molecular structures were generated using XP as implemented in SHELXTL
program.

A summary of the crystallographic data and selected experimental information are
given in Table S1-S2. Crystallographic data for the structures of compounds reported
in this paper have been deposited with the Cambridge Crystallographic Data Center as
supplementary publication nos. CCDC2502094 (4c), CCDC2502096 (5n) and
CCDC2061255 (5v).
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Table S1 Crystal data and structure refinement for 4c.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

a/°

pr°

¥/°

Volume/A3

Z

Pealcg/cm?®

w/mm?

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges
Reflections collected
Independent reflections

Data/restraints/parameters

4c

C24H18F3N302
437.41

296.15

tetragonal

P4/n

24.437(3)

24.437(3)

7.3579(8)

90

90

90

4394.0(10)

8

1.322

0.103

1808.0

0.25 x0.25 x0.2
MoKa (L= 0.71073)
2.356 t0 49.99
29<h<29,-29<k<29,-8<1<8
32344

3874 [Rint = 0.1101, Rsigma = 0.0615]

3874/316/332



Goodness-of-fit on F2 1.109

Final R indexes [[>=25 (I)] R1 = 0.0753, WR, = 0.2175
Final R indexes [all data] R1=0.1369, wR> = 0.2450
Largest diff. peak/hole / e A’ 0.67/-0.30



CDCC2502096

Table S2 Crystal data and structure refinement for 5n.

Identification code 5n
Empirical formula C23H19N30S
Formula weight 385.47

Temperature/K 296.15



Crystal system
Space group
alA

b/A

c/A

o

o/
pr°
v/°

Volume/A3

Z

peaicg/cm?®

p/mm

F(000)

Crystal size/mm?®

Radiation

20 range for data collection/<
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]

Largest diff. peak/hole / e A’

monoclinic

P21/n

8.754(5)

18.911(10)

11.952(5)

90

104.763(13)

90

1913.3(16)

4

1.338

0.188

808.0

0.15 x<0.15 x0.12

MoKa (A = 0.71073)

4.13 to 61.004
-11<h<12,-26<k<26,-16<1<15
18505

5181 [Rint = 0.0684, Rsigma = 0.0681]
5181/0/262

1.025

R =0.0501, wR> = 0.1163
R1 =0.0989, wR> = 0.1386

0.17/-0.27



Table S3 Crystal data and structure refinement for 5v.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system

Space group

CDCC2061255

5v

C23H14N30S

380.43

296.15

triclinic

P-1



alA 13.632(18)

b/A 13.694(18)

c/A 22.48(3)

a/° 98.57(3)

B/° 95.81(3)

v/° 92.80(3)
Volume/A3 4120(9)

z 8

pealcg/cm? 1.227

w/mm? 0.174

F(000) 1576.0

Crystal size/mm?® 0.15 %0.15 x0.1
Radiation MoKa (A =10.71073)

20 range for data collection/°3.28 to 61.15

Index ranges -18<h<17,-18<k<19,-31<1<27
Reflections collected 39197

Independent reflections 21066 [Rint = 0.0901, Rsigma = 0.1918]
Data/restraints/parameters ~ 21066/936/985

Goodness-of-fit on F 0.921

Final R indexes [[>=20c (I)] R1=0.0746, wR> = 0.1651

Final R indexes [all data] R1=0.2273, wR> = 0.2275

Largest diff. peak/hole / e A®0.38/-0.32



