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1. General information

Reagents and solvents were purchased from commercial sources (Aldrich and Merck). Dry
DCM were purchased sigma Aldrich, reagents were used without further purification unless otherwise
noted. Column chromatography was performed on silica gel (100-200 mesh, SRL. India). Analytical
TLC was performed on precoated aluminium sheets of silica gel 60F254 of 0.2 mm thickness (Merck,
Germany). Melting points were determined in capillary tubes and are uncorrected. 'H NMR (400
MHz) and "*C (100 MHz) spectra were recorded in CDCI; solution with TMS as internal standard on
a Bruker Avance III HD spectrometer. High resolution mass spectra (HRMS-ESI) were recorded
using Thermo Scientific Exactive Orbitrap mass spectrometer. UV-visible absorption spectra were
measured using Shimadzu UV-1800 spectrophotometer. The steady state fluorescence measurements
were measured using Varian Cary Eclipse fluorescence spectrophotometer. Cell imaging was done

using ZEISS-LSM 710/LSM 710 NLO and CONFOCOR 3 instrument.

2. General procedure for synthesis of N-phenyl phthalazines (1a-¢)

(6] H Q
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la-e

R=H, Me, F, Br

A mixture of phenyl hydrazine (1.equv) and phthalic anhydride (1.equv) in 10% HCI was
heated at reflux for 9 h. Then the reaction was cooled, the resulting solid was collected for filtration,
washed with water, and recrystallized from ethanol. The 2-phenyl-2,3-dihydrophthalazine-1,4-dione

was obtained as colourless solid with the yield of 75%.

3. General procedure for the synthesis of N-phenyl indazoles (6)

©£J\OH (i) oxalylchloride ©f‘\CI ©/ *NH, (i) 10% NaOH ©£L” \©
- + >
[ DCM | DCM [

(i) Synthesis of 2-Iodobenzoyl chloride: 2-lodobenzoic acid (10 mmol) was dissolved in
anhydrous dichloromethane (25 mL) and cooled to 0°C in ice bath. Oxalyl chlodide (30 mmol) was
added drop-wise followed by the addition of a catalytic amount of DMF (0.01 mL) the reaction was
allowed to warm to room temperature over the course of 1 h and after that time the solution was
evaporated to rota evaporator for dryness. The dark brown viscous solid was formed. This was used as

the without purification.



(ii) Synthesis of 2-iodo-/V'-phenylbenzohydrazide: To a solution of phenylhydrazine (1.0
equv) dissolved in 10 mL of dichloromethane, 5 mL of 10% NaOH solution was added. Then the 2-
iodobenzoyl chloride (1.2 equv) dissolved in 5ml of dichloromethane was added and stirred violently
at room temperature for 1.5 h. Completion of the reaction was confirmed by TLC. The DCM layer
was washed with water, saturated NaCl solution and dried with anhydrous Na,SO4. The Na;SO4 was
filtered, after the solvent was evaporated under reduced pressure, the crude residue was purified by
silica gel chromatography in ethyl acetate/petroleum ether 50%. 2-lodo-N'-phenylbenzohydrazide was

obtained as white solid.

(0] H (6]
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The mixture of 2-iodo-N'-phenylbenzohydrazide (1.0 mmol), copper iodide (0.10 mmol, 10
mol%), L-proline (0.20 mmol, 20 mol%) and K,CO; (2.0 mmol) in DMSO (10 mL) was stirred at
room temperature for 3-4 h under nitrogen atmosphere. After the completion of reaction, the reaction
mixture was treated with water and extracted with EtOAc. The combined organic layer washed with
saturated sodium chloride solution (Brine solution) and dried over anhydrous sodium sulphate. After
the filtration the solvent was evaporated in rota evaporator and purified by column chromatography

(EtOAc: pet ether 50%). N-phenyl indazole was obtained as the white solid with the yield of 90%.

4. General procedure for synthesis of alkynes (2)

Br 5 mol% Pd(PPhj),Cl,
X 10 mol% dppb R~ =\ R
R + =—COOH =
= DBU (2.0equiv) \_/ \_/
110°, 3h
DMSO

Following the literature procedure,’ Pd (PPh;),Cl» (105 mg, 0.15 mmol), 1,4- bis (diphenyl
phosphino) butane (128 mg, 0.30 mmol), aryl halides (6.00 mmol), and propiolic acid (212 mg, 3.0
mmol) were combined with DBU (913 mg, 6.0 mmol) in a round bottom flask. DMSO (15.0 mL) was
added and the reaction was maintained in the oxygen atmosphere. The resulting mixture was placed in
an oil bath at 80 °C for 3 h. The reaction was poured in saturated ammonium chloride solution and
extracted with ethyl acetate 3x 25 mL. The combined ethyl acetate layer was washed with brine

solution, dried over anhydrous sodium sulphate, filtered, and the solvent were removed under

1). K. Park, G. Bae, J. Moon, J. Choe, K. H. Song, S. Lee, J. Org. Chem. 2010, 75, 6244.



vacuum. The resulting crude product was purified using flash column chromatography in silica gel

100-200 mesh using 5% EtOAc in pet ether.

5. General procedure for synthesis of phthalazino[2,3-a]cinnolines

o} 0 R,
[RhCp*Clyl»(2.5 mol%) R
1

NH o AgSbFg (10 mol%) NTS

N O RT—R N
Cu(OAc), H,0 (1 equvi)
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. R t-AmOH, air, 100 °C R
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N-phenyl phthalazinone (1) (0.3 mmol) was treated with acetylene (2) (0.3 mmol) in the
presence of [RhCp*Cl;], (2.5 mol%), Cu(OAc), H,O (1 equiv) and AgSbFs (10 mol%) in tert-amyl
alcohol using a 15-mL screw cap pressure tube. The reaction mixture was heated at 100 °C for 6 h.
After cooling to ambient temperature, the reaction mixture was diluted with CH,Cl,, filtered through
Celite and the filtrate was concentrated. The crude residue was purified through a silica gel column

using petroleum ether and ethyl acetate as eluent to afford pure desired product 3 in 60-98% yield.

6. General procedure for synthesis of indazolo[1,2-a]cinnolines

0
[Cp*RhCly], (2.5mol%)
N/NH + R—R; AgSbFg (10mol%),
Cu(OAc)y.H,0
@ t-AmOH, air, 100 °C
2 7

N-phenyl indazolone (6) (0.3 mmol) was treated with acetylene (2) (0.3 mmol) in the
presence of [RhCp*Cl,]» (2.5 mol%), Cu(OAc),'H,O (1 equiv) and AgSbFs (10 mol%) in tert-amyl

6

alcohol using a 15-mL screw cap pressure tube. The mixture was heated at 100 °C for 6 h. After
cooling to ambient temperature, the reaction mixture was diluted with CH,Cl,, filtered through Celite
and the filtrate was concentrated. The crude residue was purified through a silica gel column using
petroleum ether and ethyl acetate as eluent. To give afford desired product 7 was obtained in 64-94%

yield.



7. Competition experiment

Standard conditions
1a + 2c 3f + 3g

2d

N-phenyl phthalazinone 1a (0.2 mmol), alkyne 2¢ (0.2 mmol), alkyne 2d (0.2 mmol),
[RhCp*Clz]> (2.5 mol%), AgSbF¢ (10 mol%) and Cu(OAc),-H>O (1 equiv) in tert-amyl alcohol 3mL
using a 15-mL screw cap pressure tube. The reaction mixture was heated at 100 °C for 6 h. After
cooling to ambient temperature, the reaction mixture was diluted with CH,Cl,, filtered through Celite
and the filtrate was concentrated. The crude residue was purified through a silica gel column using
petroleum ether and ethyl acetate as eluent to give pure desired product 3f and 3g. '"H NMR analysis
of the product mixture obtained revealed that 3f and 3g were obtained in 2.4:1.0 ratio, suggesting that

more electron-rich alkyne is kinetically favoured.
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8. Regioselectivity of the reaction
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9. ORTEP of compound 30

CCDC No: 14052492

2 Crystallographic data for the synthesised compound 30 in this communication have been deposited with the
Cambridge Crystallographic Data Centre as supplementary publication number CCDC 1405249. These data can
be obtained free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cambridge

Crystallographic Data Centre (CCDC),12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 (0)1223 336 033; email:
deposit@ccdc.cam.ac.uk].



10.  Spectral Data for synthesised compounds

2-phenyl-2,3-dihydrophthalazine-1,4-dione (1a)

IO

Yield: 72%, white solid. *H NMR (400 MHz, DMSO-ds) & 11.86 (s, 1H),
8.31(dd, J= 7.5, 1.5 Hz, 1H), 8.03 (dd, J = 7.7, 1.6 Hz, 1H), 7.99 — 7.90
(m, 2H), 7.68 — 7.62 (m, 2H), 7.50 (t, J = 7.8 Hz, 2H), 7.41 — 7.34 (m,
1H) ppm; 3C NMR (100 MHz, DMSO- ds) 6 157.79, 150.85, 142.21,
134.03, 132.95, 129.70, 128.88, 127.54, 127.33, 126.42, 124.66 ppm;
HRMS m/z (ESI): calcd. for Ci4H10N2NaO, [M+Nal* 261.0640, found
261.0641.

2-(4-fluorophenyl)-2,3-dihydrophthalazine-1,4-dione (1b)

Yield: 72%, white solid. *H NMR (400 MHz, CDCl;-DMSO-ds) 6 10.98
(s, 1H), 8.16 (t, J = 5.5 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.59 (dq, J =
13.4, 7.6 Hz, 2H), 7.45 — 7.35 (m, 2H), 6.89 (t, J = 8.6 Hz, 2H) ppm; C
NMR (100 MHz, CDCl;-DMSO-ds) 6 158.16, 151.16, 137.80, 132.96,
131.93, 129.42, 127.56, 127.48, 127.02, 124.99, 124.32, 115.11,
114.89 ppm.

2-(4-bromophenyl)-2,3-dihydrophthalazine-1,4-dione (1c)

(@]
I}IH
N
L
Br

Yield: 73%, white solid. 'H NMR (400 MHz, DMSO-ds) 5 11.94 (s, 1H),
8.32(dd, J = 7.0, 1.2 Hz, 1H), 8.05 — 7.93 (m, 3H), 7.72 — 7.64 (m, 4H)
ppm; 3C NMR (100 MHz, DMSO-ds) & 157.85, 151.08, 141.41,
134.20, 133.07, 131.77, 129.57, 128.25, 127.37, 124.72, 120.01 ppm.

2-(p-tolyl)-2,3-dihydrophthalazine-1,4-dione (1d)

e,

Yield: 74%, white solid. '"H NMR (400 MHz, DMSO- ds) & 11.86 (s,
1H), 8.30 (dd, J = 7.0, 1.3 Hz, 1H), 8.05 — 7.88 (m, 3H), 7.51 (d, J = 8.3
Hz, 2H), 7.28 (d, J = 8.2 Hz, 2H), 2.36 (s, 3H) ppm; *C NMR (100 MHz,
DMSO-ds) 6 157.77, 150.78, 139.74, 136.85, 133.95, 132.92, 129.70,
129.31, 127.30, 126.18, 125.06, 124.63, 21.15 ppm.
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1-phenyl-1,2-dihydropyridazine-3,6-dione (1e)
0 Yield: 74%, white solid. *H NMR (400 MHz, CDCls-DMSO-ds) 6 10.87
¢EH (s, 1H), 7.59 (d, J = 7.5 Hz, 2H), 7.43 (t, J = 7.7 Hz, 2H), 7.33 (t, J = 7.4
J O Hz, 1H), 7.07 — 6.95 (m, 2H) ppm; *C NMR (100 MHz, CDCls-DMSO-
ds) 6 158.47, 153.16, 141.44, 133.83, 128.37, 127.49, 127.22, 125.39
ppm.

1-phenyl-1,2-dihydro-3H-indazol-3-one (6)

0 Yield: 80 %, white solid. 'H NMR (400 MHz, CDCl3-DMSO-ds) & 11.29
@NH (s, 1H), 7.77 (d, J = 9.1 Hz, 2H), 7.72 = 7.67 (m, 2H), 7.52 (t, J = 7.9 Hz,
b 2H), 7.49 — 7.42 (m, 1H), 7.29 — 7.24 (m, 1H), 7.20 — 7.13 (m, 1H)
ppm; 3C NMR (100 MHz, CDCls-DMSO-ds) 6 156.79, 140.70, 139.70,

129.94,128.81, 125.22,121.07, 120.97, 120.76, 115.26, 110.77.
5,6-diphenylphthalazino[2,3-a]cinnoline-8,13-dione (3a)

Yield: 92 %, Yellow Solid; mp: 228-230 °C; FT-IR (cm™) Neat; 3059,
o O ‘ 2922, 1668, 1601, 1569, 1450, 1368, 1315, 1129, 693; *H NMR (400

NT
|

MHz, CDCl3) 6+ 8.50 (dd, J = 7.9, 0.9 Hz, 1H), 8.15 (dd, / = 7.7, 0.9 Hz,

N O 1H), 8.04 (d, J = 8.1 Hz, 1H), 7.90 (td, J = 7.6, 1.3 Hz, 1H), 7.81 (td, J =
° 7.6, 1.3 Hz, 1H), 7.34 — 7.27 (m, 4H), 7.25 — 7.20 (m, 2H), 7.14 — 7.02
(m, 7H) ppm; 13C(100 MHz, CDCl3) &¢ 157.90, 156.60, 136.02, 135.77,
134.47, 134.07, 133.88, 133.60, 130.83, 129.60, 129.49, 129.02,
128.51, 128.44, 128.27, 128.11, 127.93, 127.87, 127.64, 127.59,
126.79, 126.24, 126.07, 118.41, 0.02 ppm; HRMS m/z (ESI): calcd. for
CosH1sN,O, [M+H]*  415.1447, found 415.1439; CysHisN2NaO:
[M+Na]*437.1266; found 437.1258.

3-methyl-5,6-diphenylphthalazino[2,3-a]cinnoline-8,13-dione (3b)

O Yield: 94 %, Yellow Solid; mp: 222-224 °C; FT-IR (cm™) Neat; 3055,
0 ‘ 2922, 2856, 1667, 1606, 1488, 1316, 1266, 1142, 1019, 727, 691; *H
NS NMR (400 MHz, CDCls) &4 8.49 (dd, J = 7.9, 1.2 Hz, 1H), 8.14 (dd, J =

N
o ‘ 7.9, 1.3 Hz, 1H), 7.94 (d, J = 8.5 Hz, 1H), 7.89 (td, J = 7.6, 1.4 Hz, 1H),

11



7.80 (td, J = 7.6, 1.3 Hz, 1H), 7.33 = 7.27 (m, 3H), 7.21 (dt, J = 5.9, 1.7
Hz, 2H), 7.13 — 7.00 (m, 6H), 6.87 (d, J = 2.0 Hz, 1H), 2.24 (s, 3H) ppm;
13C NMR (100 MHz, CDCls) 8¢ 157.70, 156.61, 135.92, 134.57, 133.92,
133.83, 133.71, 133.34, 130.85, 129.56, 129.08, 129.04, 128.42,
128.22, 128.10, 127.88, 127.78, 127.59, 127.52, 126.55, 126.48,
118.32, 21.13 ppm; HRMS m/z (ESI): calcd. for CysH21N,0; [M+H]*
429.1603, found 429.1296; CasHxoNoNaO, [M+Na]* 451.1422, found
451.1415.

3-fluoro-5,6-diphenylphthalazino[2,3-a]cinnoline-8,13-dione (3c)

Yield: 85 %, Yellow Solid; mp: 224-226 °C; FT-IR (cm™) Neat; 3059,
2926, 2856, 1669, 1599, 1487, 1313, 1261, 1081, 691; *H NMR (400
MHz, CDCls) 64 8.49 (dd, J = 7.9, 1.3 Hz, 1H), 8.15 (dd, J = 7.8, 1.3 Hz,
1H), 8.03 (dd, / = 9.1, 5.0 Hz, 1H), 7.91 (td, J = 7.6, 1.3 Hz, 1H), 7.82
(td, J = 7.6, 1.4 Hz, 1H), 7.34 — 7.27 (m, 3H), 7.20 (dd, J = 6.3, 1.9 Hz,
2H), 7.11 - 7.05 (m, 3H), 7.03 — 6.96 (m, 3H), 6.79 (dd, /= 9.4, 2.9 Hz,
1H) ppm; C NMR (100 MHz, CDCls) &¢c 157.76, 156.67, 137.28,
134.77, 134.13, 134.04, 133.93, 133.24, 131.57, 131.54, 130.69,
129.52, 129.36, 128.97, 128.52, 128.47, 128.10, 127.97, 127.85,
127.71, 127.03, 120.54, 120.45, 115.11, 114.88, 112.84, 112.59 ppm;
HRMS m/z (ESI): calcd. for CasHisFN>O> [M+H]* 433.1352, found
433.1346; CysH17FN;NaO; [M+Na]*455.1172, found 455.1165.

3-bromo-5,6-diphenylphthalazino[2,3-a]cinnoline-8,13-dione (3d)

¢
N

N
g
Br

Yield: 92 %, Yellow Solid; mp: 222-224 °C; FT-IR (cm™) Neat; 3059,
2924, 2852, 1669, 1603, 1476, 1311, 1263, 1016, 683; *H NMR (400
MHz, CDCls) 64 8.49 (dd, J = 7.8, 1.3 Hz, 1H), 8.18 — 8.12 (m, 1H), 7.95
—7.88 (m, 2H), 7.82 (td, J = 7.5, 1.4 Hz, 1H), 7.40 (dd, J = 8.8, 2.3 Hz,
1H), 7.35 = 7.27 (m, 3H), 7.19 (dd, J = 8.2, 2.1 Hz, 3H), 7.11 - 7.03 (m,
3H), 7.03 — 6.98 (m, 2H) ppm; **C NMR (100 MHz, CDCls) & 157.84,
156.55, 137.31, 134.70, 134.24, 134.05, 133.73, 133.25, 131.14,
130.73, 129.53, 129.28, 128.96, 128.91, 128.71, 128.55, 128.51,
128.10, 128.01, 127.89, 127.70, 126.85, 120.18, 119.35 ppm; HRMS
m/z (ESI): calcd. for CagH1sBrN,O, [M+H]* 493.0552, found 493.0546.

12



5,6-di-p-tolylphthalazino[2,3-a]cinnoline-8,13-dione (3e)

g L
N
|
N
g

Yield: 89 %, Yellow Solid; mp: 222-224 °C; FT-IR (cm™) Neat; 3023,
2922, 2859, 1669, 1450, 1313, 1128, 816; 'H NMR (400 MHz, CDCl;)
618.50 (dd, J=7.7,1.3 Hz, 1H), 8.16 (dd, J = 7.8, 1.3 Hz, 1H), 8.02 (dd,
J=8.1,0.9 Hz, 1H), 7.89 (td, J = 7.6, 1.4 Hz, 1H), 7.81 (td, /= 7.6, 1.4
Hz, 1H), 7.30 — 7.26 (m, 1H), 7.14 — 7.07 (m, 6H), 6.94 — 6.83 (m, 4H),
2.33 (s, 3H), 2.19 (s, 3H) ppm; *C NMR (100 MHz, CDCls) &¢ 157.94,
156.66, 137.50, 137.16, 135.97, 135.83, 134.02, 133.79, 131.57,
130.69, 130.65, 129.67, 129.50, 128.99, 128.85, 128.48, 128.46,
128.22,127.89, 127.84, 127.17, 126.30, 125.98, 118.20, 21.34, 21.28
ppm; HRMS m/z (ESI): calcd. for C3oH23N202 [M+H]* 443.1760, found
443.1754; C30H2;:N;NaO; [M+Na]* 465.1579, found 465.1572.

5,6-bis(4-methoxyphenyl)phthalazino[2,3-a]cinnoline-8,13-dione (3f)

Yield: 85 %, Yellow Solid; mp: 200-202 °C; FT-IR (cm™) Neat; 3066,
2926, 2836, 1667, 1606, 1509, 1314, 1248, 1176, 1030, 828; *H NMR
(400 MHz, CDCl3) & 8.49 (dd, J = 7.9, 1.2 Hz, 1H), 8.16 (dd, J = 7.9,
1.1 Hz, 1H), 8.01 (dd, J = 8.0, 1.0 Hz, 1H), 7.89 (td, J = 7.6, 1.4 Hz, 1H),
7.81 (td, J = 7.5, 1.3 Hz, 1H), 7.32 = 7.24 (m, 1H), 7.16 — 7.08 (m, 4H),
6.98 — 6.93 (m, 2H), 6.88 — 6.82 (m, 2H), 6.63 — 6.58 (m, 2H), 3.80 (s,
3H), 3.68 (s, 3H) ppm; *C NMR (100 MHz, CDCl;) §c 158.81, 158.75,
157.97, 156.68, 136.00, 135.84, 134.03, 133.79, 131.95, 130.35,
129.65, 129.48, 128.46, 128.15, 127.87, 127.34, 126.82, 126.21,
126.00, 125.95, 125.68, 118.23, 113.77, 113.17, 55.18, 54.96 ppm;
HRMS m/z (ESI): calcd. for CsoH23N20s [M+H]* 475.1658, found
475.1651; C50H22N2NaO, [M+Na]* 497.1477, found 497.1470.

5,6-bis(4-fluorophenyl)phthalazino[2,3-a]cinnoline-8,13-dione (3g)

O
2L
N

N
g

Yield: 70 %, Yellow Solid; mp: 236-238 °C; FT-IR (cm™) Neat; 3061,
2926, 2862, 1668, 1601, 1497, 1314, 1224, 1159, 834; 'H NMR (400
MHz, CDCls) &, 8.50 (dd, J = 7.8, 1.2 Hz, 1H), 8.15 (dd, J = 7.8, 1.2 Hz,
1H), 8.03 (dd, J = 8.4, 1.1 Hz, 1H), 7.91 (td, J = 7.6, 1.4 Hz, 1H), 7.83

13



(td, J = 7.6, 1.3 Hz, 1H), 7.31 (ddd, J = 8.6, 7.3, 1.6 Hz, 1H), 7.17 (ddd,
J=10.3, 5.1, 1.6 Hz, 2H), 7.12 (dd, J = 7.4, 1.2 Hz, 1H), 7.06 — 6.98 (m,
5H), 6.82 — 6.75 (m, 2H) ppm. 3C NMR (100 MHz, CDCI3) &¢ 163.39,
163.15, 160.93, 160.68, 157.86, 156.57, 135.79, 135.51, 134.20,
134.06, 132.49, 132.41, 130.95, 130.87, 130.21, 130.17, 129.49,
129.46, 129.44, 129.41, 128.72, 128.58, 127.88, 127.45, 126.54,
126.17, 126.06, 118.55, 115.66, 115.45, 115.11, 114.89 ppm; HRMS
m/z (ESI): calcd. for CagHi7FaN20, [M+H]* 451.1258, found 451.1251;
CasH16F2N2NaO, [M+Na]* 473.1078, found 473.1071.

5,6-bis(4-chlorophenyl)phthalazino[2,3-a]cinnoline-8,13-dione (3h)

Yield: 80 %, Yellow Solid; mp: 250-252 °C; FT-IR (cm™) Neat; 3074,
2926, 2848, 1668, 1486, 1314, 1091, 1015, 821; 'H NMR (400 MHz,
CDCl3) 64 8.50 (dd, J = 7.9, 1.3 Hz, 1H), 8.15 (dd, J = 7.7, 1.3 Hz, 1H),
8.03 (dd,J=8.3,1.1Hz, 1H), 7.92 (td, J = 7.6, 1.4 Hz, 1H), 7.84 (td, J =
7.6, 1.3 Hz, 1H), 7.35 - 7.29 (m, 3H), 7.17 — 7.11 (m, 3H), 7.09 — 7.05
(m, 2H), 7.02 (dd, J = 7.9, 1.5 Hz, 1H), 6.98 — 6.94 (m, 2H) ppm; 3C
NMR (100 MHz, CDCls) 6¢ 157.83, 156.57, 135.81, 135.19, 134.25,
134.13, 133.97, 133.95, 132.65, 132.05, 131.86, 130.30, 129.43,
129.33, 128.90, 128.81, 128.62, 128.22, 127.91, 127.52, 126.19,
126.18, 126.07, 118.54 ppm; HRMS m/z (ESI): caled. for
C2sH17CLN20; [M+H]" 483.0667, found 483.0664; CysH16Cl.N2NaO;
[M+Na]* 505.0487, found 505.0484.

5,6-bis(4-bromophenyl)phthalazino[2,3-a]cinnoline-8,13-dione (3i)

Yield: 85 %, Yellow Solid; mp: 218-220 °C; FT-IR (cm™) Neat; 3070,
2924, 2856, 1669, 1486, 1313, 1070, 1011, 817; 'H NMR (400 MHz,
CDCls) 64 8.49 (dd, J = 7.8, 1.3 Hz, 1H), 8.14 (dd, J = 7.8, 1.3 Hz, 1H),
8.03 (dd, J = 8.4, 1.1 Hz, 1H), 7.92 (td, J = 7.6, 1.4 Hz, 1H), 7.83 (td, J =
7.5, 1.3 Hz, 1H), 7.47 (d, / = 8.6 Hz, 2H), 7.32 (ddd, J = 8.5, 7.4, 1.6 Hz,
1H), 7.25 - 7.19 (m, 2H), 7.16 — 7.05 (m, 3H), 7.01 (dd, J = 7.9, 1.5 Hz,
1H), 6.93 — 6.87 (m, 2H) ppm; **C NMR (100 MHz, CDCl3) 5 157.82,
156.57, 135.81, 135.14, 134.26, 134.17, 134.14, 133.12, 132.34,
131.77, 131.16, 130.55, 129.43, 129.31, 128.93, 128.63, 127.91,
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127.53, 126.19, 126.10, 126.08, 122.30, 122.18, 118.53 ppm; HRMS
m/z (ESI): calcd. for CagH17BraN20, [M+H]* 570.9657, found 570.9657.

5,6-bis(4-nitrophenyl)phthalazino[2,3-a]cinnoline-8,13-dione (3j)

l N02
N7

N
g

Yield: 60 %, Yellow Solid; mp: 240-242 °C; FT-IR (cm™) Neat; 3078,
2925, 2854, 1670, 1592, 1519, 1346, 1312, 1107, 696; *H NMR (400
MHz, CDCls) &4 *H NMR (400 MHz, CDCls) & 8.53 (dd, J = 7.8, 1.3 Hz,
1H), 8.22 (d, J = 8.8 Hz, 1H), 8.13 (dd, J = 7.8, 1.3 Hz, 1H), 8.08 (dd, J =
8.3, 1.1 Hz, 1H), 8.00 — 7.96 (m, 2H), 7.89 — 7.85 (m, 1H), 7.65 — 7.59
(m, 1H), 7.53 — 7.35 (m, 5H), 7.23 — 7.15 (m, 2H), 6.97 (dd, J = 7.9, 1.5
Hz, 1H); 3C NMR (100 MHz, CDCls) &c 157.71, 147.65, 140.65,
139.69, 135.79, 134.60, 134.56, 131.75, 129.88, 129.84, 129.39,
128.97, 128.88, 128.86, 128.02, 127.97, 127.89, 126.45, 125.87,
125.81, 124.95, 123.93, 123.41, 118.96.ppm; HRMS m/z (ESI): calcd.
for CasH17N4O6 [M+H]* 505.1148, found 505.1140.

5-methyl-6-phenylphthalazino[2,3-a]cinnoline-8,13-dione (3k)

0] I

Yield: 85 %, Yellow Solid; mp: 206-208 °C; FT-IR (cm™) Neat; 3063,
2928, 2859, 1668, 1668, 1699, 1450, 1316, 1267, 1130, 755; *H NMR
(400 MHz, CDCls) &y 8.46 (dd, J = 7.8, 1.3 Hz, 1H), 8.12 (dd, J = 7.8,
1.3 Hz, 1H), 8.03 — 7.97 (m, 1H), 7.87 (td, J = 7.6, 1.4 Hz, 1H), 7.79 (td,
J=7.6,1.4 Hz, 1H), 7.45 — 7.41 (m, 1H), 7.38 — 7.27 (m, 5H), 7.23 (dd,
J=17.8, 1.8 Hz, 2H), 2.13 (s, 3H) ppm; 3C NMR (100 MHz, CDCls) ¢
157.83, 156.22, 136.27, 135.00, 133.97, 133.95, 133.67, 129.72,
129.45, 128.90, 128.41, 128.26, 128.19, 127.85, 127.65, 126.23,
124.35, 121.04, 118.12, 14.56 ppm; HRMS m/z (ESI): calcd. for
C23H17N,0; [M+H]* 353.1290, found 353.1285; Cy3H16N2NaO, [M+Na]*
375.1109, found 375.1105.
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5-butyl-6-phenylphthalazino[2,3-a]cinnoline-8,13-dione (3I)

o] I

N
|

N
g

Yield: 78 %, Yellow Solid; mp:204-206 °C; FT-IR (cm™) Neat; 3070,
2927, 2863, 1686, 1601, 1452, 1328, 1291, 1180, 707; *H NMR (400
MHz, CDCls) 64 8.45 (dd, J = 7.8, 1.3 Hz, 1H), 8.10 (dd, / = 7.8, 1.4 Hz,
1H), 8.01 (dd, J = 8.1, 1.5 Hz, 1H), 7.86 (td, J = 7.6, 1.4 Hz, 1H), 7.77
(td, J = 7.6, 1.4 Hz, 1H), 7.46 (dd, J = 7.5, 1.8 Hz, 1H), 7.35 - 7.28 (m,
4H), 7.25 (ddd, J=9.3, 6.3, 1.5 Hz, 3H), 2.61 — 2.53 (m, 2H), 1.38 (td, J
=7.4,6.8, 2.0 Hz, 2H), 1.14 (h, J = 7.4 Hz, 2H), 0.70 (t, J = 7.3 Hz, 3H)
ppm; C NMR (100 MHz, CDCl;) 8¢ 157.71, 156.08, 136.84, 135.51,
133.97, 133.93, 133.64, 129.75, 129.44, 129.19, 128.37, 128.25,
128.22, 128.18, 127.80, 126.19, 126.09, 125.70, 124.39, 118.57,
31.00, 26.57, 22.24, 13.62; HRMS m/z (ESI): calcd. for CysH23N,0;
[M+H]* 395.1760, found 395.1755.

5-hexyl-6-phenylphthalazino[2,3-a]cinnoline-8,13-dione (3m)

0O I

N™
|

N
NG

Yield: 65 %, Yellow Solid; mp: 202-204 °C; FT-IR (cm™) Neat; 3063,
2928, 2871, 1667, 1601, 1451, 1317, 789; 'H NMR (400 MHz, CDCl;)
51 8.45 (dd, J = 7.8, 1.3 Hz, 1H), 8.10 (dd, J = 7.8, 1.3 Hz, 1H), 8.01 (dd,
J=8.0, 1.4 Hz, 1H), 7.86 (td, J = 7.6, 1.4 Hz, 1H), 7.77 (td, /= 7.6, 1.4
Hz, 1H), 7.46 (dd, J = 7.6, 1.8 Hz, 1H), 7.38 — 7.30 (m, 4H), 7.29 (dd, J
=4.3, 1.7 Hz, 1H), 7.27 (d, J = 1.6 Hz, 1H), 7.25 (dd, J = 2.6, 1.4 Hz,
1H), 2.59 — 2.51 (m, 2H), 1.44 — 1.33 (m, 2H), 1.19 — 1.00 (m, 6H),
0.77 (t, J = 7.1 Hz, 3H) ppm; *C NMR (100 MHz, CDCls) 6. 157.70,
156.08, 136.84, 135.47, 134.00, 133.92, 133.64, 129.75, 129.44,
129.17, 128.38, 128.21, 128.19, 127.80, 126.19, 126.10, 125.78,
124.38, 118.56, 31.23, 28.82, 28.80, 26.81, 22.45, 13.96 ppm; HRMS
m/z (ESI): calcd. for CagHy7N>0, [M+H]* 423.2073, found 423.2068;
CasH26N2NaO; [M+Na]* 445.1892, found 445.1887.

5,6-dimethylphthalazino[2,3-a]cinnoline-8,13-dione (3n)

Yield: 98 %, Yellow Solid; mp: 216-218 °C; FT-IR (cm™) Neat; 3076,
2926, 2852, 1662, 1599, 1490, 1333, 1319, 1097, 722; *H NMR (400
MHz, CDCl;) 64 8.44 — 8.38 (m, 1H), 8.35 — 8.28 (m, 1H), 7.96 — 7.90
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(m, 1H), 7.89 — 7.82 (m, 2H), 7.35 - 7.30 (m, 1H), 7.23 (ddd, J = 6.6,
4.4, 1.9 Hz, 2H), 2.27 (d, J = 1.0 Hz, 3H), 2.14 (d, J = 1.0 Hz, 3H) ppm;
13C NMR (100 MHz, CDCl;) 8¢ 157.73, 156.45, 135.69, 133.88, 133.63,
131.91, 129.64, 129.57, 128.23, 127.56, 127.49, 127.11, 126.09,
123.33, 119.77, 118.22, 15.73, 13.46 ppm; HRMS m/z (ESI): calcd. for
Ci1sH1sN,0, [M+H]* 291.1134, found 291.1128; C1sH14aN,NaO, [M+Na]*
313.0953, found 313.0947.

5,6-dipropylphthalazino[2,3-a]cinnoline-8,13-dione (30)

Yield: 96 %, Yellow Solid; mp: 148-150 °C; FT-IR (cm™) Neat; 3678,
2928, 2871, 1667, 1601, 1451, 1317, 789; *H NMR (400 MHz, CDCls)
61 8.44 — 8.39 (m, 1H), 8.34 —8.29 (m, 1H), 7.94 — 7.90 (m, 1H), 7.89
—7.82 (m, 2H), 7.36 (dd, J = 7.4, 2.1 Hz, 1H), 7.26 — 7.20 (m, 2H), 2.83
(s, 2H), 2.63 — 2.53 (m, 2H), 1.57 (dq, J = 14.8, 7.4 Hz, 2H), 1.29 (h, J =
7.4 Hz, 2H), 1.07 = 0.97 (m, 3H), 0.84 (t, J = 7.4 Hz, 3H) ppm; *C NMR
(100 MHz, CDCls) & 157.73, 156.63, 136.91, 136.40, 133.95, 133.61,
129.54, 129.50, 128.30, 127.60, 127.54, 126.26, 126.02, 124.98,
123.61, 118.19, 29.58, 28.39, 22.61, 21.50, 14.33, 13.67 ppm; HRMS
m/z (ESI): calcd. for CyH23N20, [M+H]* 347.1760, found 347.1757;
C22H22N2NaO; [M+Na]* 369.1579, found 369.1577.

6,7-diphenylpyridazino[1,2-a]cinnoline-1,4-dione (3p)

' T O
NS
A
g

Yield: 98 %, Yellow Solid; mp: 160-162 °C; FT-IR (cm™) Neat; 3057,
2926, 1662, 1601, 1450, 1307, 1127, 830, 750; *H NMR (400 MHz,
CDCls) 6 8.18 (dd, J = 8.4, 1.1 Hz, 1H), 7.35 — 7.25 (m, 4H), 7.20 — 7.09
(m, 7H), 7.09 — 7.03 (m, 3H), 6.86 (d, J = 10.0 Hz, 1H) ppm; 3C NMR
(100 MHz, CDCl5) 6 156.71, 155.37, 135.61, 135.22, 135.18, 135.15,
134.11, 133.09, 130.72, 129.05, 128.51, 128.27, 128.12, 128.02,
127.69, 126.48, 126.32, 126.16, 117.77 ppm; HRMS m/z (ESI): calcd.
for CaH17N20, [M+H]* 365.1290, found 365.1286.

6-(4-methoxyphenyl)-5-((4-methoxyphenyl)ethynyl)phthalazino[2,3-a]cinnoline-8,13-

dione(5a)
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o Yellow Solid; mp: 200-202 °C; FT-IR (cm™) Neat; 3070, 2930, 2836,

O 1667, 1609, 1485, 1509, 1314, 1247, 1176, 1030, 828, 689; 'H NMR

| (400 MHz, CDCls) 64 8.49 (dd, J = 8.0, 1.0 Hz, 1H), 8.16 (dd, J = 7.5,

o | ‘ ° 1.0 Hz, 1H), 8.01 (dd, J = 8.2, 1.0 Hz, 1H), 7.89 (td, J = 7.6, 1.3 Hz, 1H),
Qf;E = 7.84 —7.79 (m, 1H), 7.30 — 7.26 (m, 1H), 7.18 — 7.06 (m, 4H), 6.98 —
I O 6.93 (m, 2H), 6.85 (d, J = 8.9 Hz, 2H), 6.64 — 6.57 (m, 2H), 3.80 (s, 3H),

3.68 (s, 3H) ppm; 3C NMR (100 MHz, CDCls) &c 158.81, 158.75,

157.97, 156.68, 136.00, 135.84, 134.03, 133.80, 131.95, 130.35,

129.64, 129.48, 128.91, 128.46, 128.15, 127.87, 127.34, 126.82,

126.21, 126.00, 125.95, 125.70, 124.76, 118.23, 113.77, 113.17,

55.18, 54.96 ppm; HRMS m/z (ESI): calcd. for C3;H21N,04 [M-H]
497.1496, found 497.1496.

6,6'-bis(4-methoxyphenyl)-[5,5'-biphthalazino[2,3-a]cinnoline]-8,8',13,13'-tetraone (5b)

o Yellow Solid; mp: °C; FT-IR (cm™) Neat; 3098, 2899, 2876, 1657,

o O O Nf;@ 1609, 1588, 1485, 1509, 1314, 1247, 1176, 1030, 828, 726, 689; H
@;/LN X e I NMR (400 MHz, CDCl;) 6 8.49 (dd, J = 7.8, 1.1 Hz, 1H), 8.37 (ddd, J =
3 " O O 15.7, 7.7, 0.7 Hz, 2H), 8.00 — 7.94 (m, 2H), 7.91 (dt, J = 7.5, 3.8 Hz,

1H), 7.83 (ddd, J = 14.4, 8.2, 6.7 Hz, 4H), 7.70 (dd, J = 7.4, 6.5 Hz, 1H),
7.31 — 7.27 (m, 2H), 7.25 — 7.23 (m, 1H), 7.05 (dd, J = 11.3, 3.8 Hz,
1H), 6.85 (dd, J = 7.8, 1.2 Hz, 1H), 6.72 (d, J = 8.8 Hz, 2H), 6.65 (d, J =
8.8 Hz, 2H), 6.58 (d, J = 8.7 Hz, 2H), 6.44 (d, J = 8.8 Hz, 2H), 3.81 (s,
3H), 3.70 (s, 3H); 3C NMR (100 MHz, CDCl;) & 159.65, 159.32,
157.38, 156.71, 156.27, 155.91, 136.88, 135.91, 135.68, 135.28,
134.13, 133.78, 133.66, 131.96, 131.81, 130.73, 129.61, 129.46,
129.34, 129.19, 129.18, 128.51, 128.48, 128.46, 128.24, 128.20,
128.04, 127.92, 127.83, 127.46, 126.29, 125.83, 125.65, 125.48,
121.85, 120.13, 119.77, 118.44, 113.45, 113.42, 55.35, 55.09 ppm;
HRMS m/z (ESI): calcd. for CaeH3iN4sOe [M+H]* 735.2244, found
735.2238.

5,6-diphenyl-8H-indazolo[1,2-a]cinnolin-8-one (7a)

Yield: 89 %, Greenish yellow Solid; mp: 198-200 °C; FT-IR (cm™) Neat;
3056, 2829, 1687, 1588, 1463, 1453, 1356, 1356, 1352, 1142, 749,
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701, 669; *H NMR (400 MHz, CDCl3) &, 7.96 (dd, J = 7.8, 1.1 Hz, 1H),
7.88 (d, J= 8.4 Hz, 1H), 7.76 (ddd, /= 8.5, 7.2, 1.3 Hz, 1H), 7.72 (d, J =
8.2 Hz, 1H), 7.38 — 7.32 (m, 1H), 7.32 — 7.26 (m, 4H), 7.25 — 7.16 (m,
7H), 7.02 (d, J = 4.3 Hz, 2H) ppm; *C NMR (100 MHz, CDCls) &¢
156.13, 139.58, 137.94, 134.67, 134.41, 132.19, 131.23, 130.14,
128.88, 128.86, 128.52, 128.19, 128.13, 127.41, 127.36, 126.96,
125.22, 124.56, 123.97, 122.98, 118.84, 113.94, 111.05 ppm; HRMS
m/z (ESI): calcd. for C»7H19N,0 [M+H]* 387.1497, found 387.1490.

5,6-di-p-tolyl-8H-indazolo[1,2-a]cinnolin-8-one (7b)

Yield: 94 %, Greenish yellow Solid; mp: 224-226 °C; FT-IR (cm™) Neat;
2926, 2881, 1691, 1610, 1463, 1351, 1294, 818, 741; 'H NMR (400
MHz, CDCl5) &4 7.96 (dt, J = 7.8, 1.0 Hz, 1H), 7.86 (d, J = 8.4 Hz, 1H),

7.75 (ddd, J=8.4,7.2, 1.3 Hz, 1H), 7.69 (d, / = 8.2 Hz, 1H), 7.38 - 7.32
(m, 1H), 7.29 — 7.26 (m, 1H), 7.09 (d, J = 6.3 Hz, 6H), 7.04 — 6.95 (m,
4H), 2.32 (s, 3H), 2.26 (s, 3H) ppm; 3C NMR (100 MHz, CDCls) &¢
156.15, 139.68, 138.04, 137.77, 136.94, 134.68, 132.05, 131.48,
131.04, 129.98, 128.93, 128.65, 128.55, 128.18, 126.99, 125.58,
124.52, 123.90, 123.20, 122.96, 119.07, 114.04, 110.93, 21.42, 21.28
ppm; HRMS m/z (ESI): calcd. for CyH2,N,NaO [M+Na]* 437.1630,
found 437.1587.

5,6-bis(4-methoxyphenyl)-8H-indazolo[1,2-a]cinnolin-8-one (7c)

Yield: 85 %, Greenish yellow Solid; mp: 216-218 °C; FT-IR (cm™) Neat;
2925, 2856, 1682, 1643, 1463, 1293, 1177, 1033, 830, 746; 'H NMR
(400 MHz, CDCl3) &4 7.96 (d, J = 7.9 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H),
7.75 (t,J = 7.6 Hz, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.35 (t, J = 7.4 Hz, 1H),

7.28 (s, 1H), 7.13 (d, J = 8.3 Hz, 4H), 7.02 (d, J = 6.8 Hz, 2H), 6.83 (d, J
= 7.3 Hz, 2H), 6.73 (d, J = 7.4 Hz, 2H), 3.79 (s, 3H), 3.75 (s, 3H) ppm;
13C NMR (100 MHz, CDCl3) 6 159.12, 158.68, 156.17, 139.68, 138.03,
134.72, 132.32, 132.03, 131.47, 128.59, 126.88, 126.77, 125.73,
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124.50, 123.91, 123.88, 122.95, 122.78, 119.08, 114.03, 113.71,
112.91, 110.95, 55.16, 55.04 ppm; HRMS m/z (ESI): calcd. for
Ca9H23N,03 [M+H]" 447.1709, found 447.2716.

5,6-bis(4-fluorophenyl)-8H-indazolo[1,2-a]cinnolin-8-one (7d)

Yield: 75 %, Greenish yellow Solid; mp: 218-220 °C; FT-IR (cm™) Neat;
2930, 2858, 1638, 1506, 1353, 1297, 1223, 834, 745; *H NMR (400
MHz, CDCls) 64 7.96 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 8.4 Hz, 1H), 7.77
(ddd, J = 8.5, 7.1, 1.3 Hz, 1H), 7.71 (dd, J = 8.2, 1.0 Hz, 1H), 7.39 -
7.34 (m, 1H), 7.34 - 7.28 (m, 1H), 7.20 — 7.14 (m, 4H), 7.07 — 6.95 (m,
4H), 6.93 — 6.87 (m, 2H) ppm; *C NMR (100 MHz, CDCls) & 179.99,
156.17, 139.58, 132.87, 132.78, 132.38, 132.01, 131.93, 129.14,
126.76, 125.01, 124.55, 124.07, 123.10, 122.62, 122.62, 118.66,
115.57, 115.35, 114.79, 114.58, 113.88, 111.17 ppm; HRMS m/z
(ESI): calcd. for C27H17F2N20 [M+H]* 423.1309, found 423.1271.

5,6-bis(4-chlorophenyl)-8H-indazolo[1,2-a]cinnolin-8-one (7e)

Yield: 78 %, Greenish yellow Solid; mp: 202-204 °C; FT-IR (cm™) Neat;
2925, 2856, 1688, 1614, 1487, 1352, 1294, 1251, 1089, 1016, 821,
750; *H NMR (400 MHz, CDCl;) 6, 7.89 (d, J = 7.8 Hz, 1H), 7.79 (d, J =
8.4 Hz, 1H), 7.70 (ddd, J = 8.4, 7.1, 1.3 Hz, 1H), 7.63 (d, J = 7.9 Hz, 1H),
7.29 (ddd, J = 7.9, 7.1, 0.8 Hz, 1H), 7.26 — 7.20 (m, 3H), 7.14 — 7.09
(m, 2H), 7.06 (dq, J = 8.5, 2.2 Hz, 4H), 6.96 (td, J = 7.6, 1.1 Hz, 1H),
6.88 (dd, J = 7.8, 1.6 Hz, 1H) ppm; *C NMR (100 MHz, CDCls) &¢
156.20, 139.65, 137.94, 134.36, 133.82, 133.74, 132.61, 132.47,
132.46, 131.39, 129.68, 129.32, 128.74, 127.93, 126.78, 124.70,
124.56, 124.11, 123.21, 122.66, 118.60, 113.94, 111.20 ppm; HRMS
m/z (ESI): calcd. for Cy7H17CIN,O [M+H]* 455.0718, found 455.0708.

5,6-bis(4-bromophenyl)-8H-indazolo[1,2-a]cinnolin-8-one (7f)
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Yield: 85 %, Greenish yellow Solid; mp: 254-256 °C; FT-IR (cm™) Neat;
2922, 2712, 2079, 1649, 1633, 1486, 1463, 1012, 749; *H NMR (400
MHz, CDCl3) &, 7.99 — 7.93 (m, 1H), 7.87 (d, J = 8.4 Hz, 1H), 7.77 (ddd,
J=8.4,7.1,1.3 Hz, 1H), 7.70 (dd, J = 8.3, 1.0 Hz, 1H), 7.45 (d, / = 8.4

Hz, 2H), 7.40 — 7.28 (m, 4H), 7.07 (dt, /= 8.9, 2.7 Hz, 4H), 7.02 (dd, J =
7.5, 1.1 Hz, 1H), 6.95 (dd, J = 7.8, 1.5 Hz, 1H) ppm; 3C NMR (101
MHz, CDCl;) 6¢ 156.20, 139.67, 137.95, 133.75, 133.07, 132.75,
132.49, 131.71, 131.62, 130.88, 130.12, 129.36, 126.80, 124.61,
124.57, 124.13, 123.24, 122.76, 122.66, 121.96, 118.59, 113.96,
111.20 ppm; HRMS m/z (ESI): calcd. for Cy;H17BroN,O [M+H]*
542.9708, found 542.9702.
5-methyl-6-phenyl-8H-indazolo[1,2-a]cinnolin-8-one (7g)
Yield: 87 %, Greenish yellow Solid; mp: 180-182 °C; FT-IR (cm™) Neat;
2926, 2856, 2063, 1681, 1633, 1488, 1452, 1284, 1144, 749; *H NMR
(400 MHz, CDCl5) 64 7.93 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 8.3 Hz, 1H),

7.75 —7.69 (m, 1H), 7.66 (dd, J = 8.2, 1.1 Hz, 1H), 7.46 — 7.40 (m, 4H),
7.38 —7.35 (m, 2H), 7.31 (dd, J = 7.7, 6.6 Hz, 2H), 7.18 (td, J = 7.6, 1.1
Hz, 1H), 2.09 (s, 3H) ppm; 3C NMR (100 MHz, CDCls) &c 155.77,
139.78, 138.47, 133.58, 131.90, 131.87, 129.84, 128.71, 128.55,
127.97, 125.69, 124.91, 124.43, 124.13, 123.02, 119.25, 116.23,
114.14, 110.87, 13.75 ppm; HRMS m/z (ESI): calcd. for Cy;HigN,O
[M+H]* 325.1341, found 325.1335.

5,6-dipropyl-8H-indazolo[1,2-a]cinnolin-8-one (7h)

Yield: 80 %, Greenish yellow Solid; mp: 192-194 °C; FT-IR (cm™) Neat;
2922, 2132, 2079, 1638, 1630, 1482, 1456, 1010, 748; *H NMR (400
MHz, CDCls) &, 8.04 — 7.98 (m, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.68 (ddd,

J=8.4,7.1,1.3 Hz, 1H), 7.60 (dd, J = 8.0, 1.2 Hz, 1H), 7.36 = 7.29 (m,
2H), 7.21 (td, J = 7.8, 1.5 Hz, 1H), 7.12 (td, J = 7.6, 1.2 Hz, 1H), 3.20 —
3.11 (m, 2H), 2.62 = 2.52 (m, 2H), 1.64 (dq, J = 15.9, 7.6 Hz, 4H), 1.04
(dt, J = 11.8, 7.3 Hz, 6H) ppm; 3C NMR (100 MHz, CDCl;) 6. 156.81,
139.06, 137.95, 136.67, 131.76, 127.75, 124.48, 124.16, 124.06,
123.95, 122.70, 118.98, 118.21, 113.84, 111.21, 28.36, 28.05, 22.79,
22.71, 14.32, 13.80 ppm; HRMS m/z (ESI): calcd. for CyiH23N,O
[M+H]" 319.1810, found 319.1801.
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5,6-di(thiophen-2-yl)-8H-indazolo[1,2-a]cinnolin-8-one (7i)

Yield: 94 %, Greenish yellow Solid; mp: 238-240 °C; FT-IR (cm™) Neat;
2922, 2856, 1691, 1691, 1628, 1483, 1462, 1359, 1275, 1231, 1117,
748; *H NMR (400 MHz, CDCls) 6, 7.99 (d, J = 8.0 Hz, 1H), 7.83 (d, J =

8.3 Hz, 1H), 7.81 — 7.74 (m, 1H), 7.65 (d, J = 8.2 Hz, 1H), 7.42 — 7.32
(m, 3H), 7.30 (dd, J = 7.4, 1.5 Hz, 1H), 7.20 (dd, J = 7.8, 1.6 Hz, 1H),
7.13 — 7.03 (m, 4H), 6.94 (dd, J = 5.0, 3.5 Hz, 1H) ppm; 3C NMR (100
MHz, CDCl;) &¢ 156.62, 140.60, 138.70, 134.74, 132.37, 131.66,
130.97, 130.61, 129.37, 127.97, 127.41, 127.16, 126.83, 126.17,
125.36, 124.62, 124.62, 12 4.26, 123.58, 119.37, 118.60, 114.64,
110.90 ppm; HRMS m/z (ESI): calcd. for Ci3HisNoOS; [M+H]*
399.0626, found 399.0621.
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11. Copies of 'H, *C NMR and HRMS spectrum of synthesized compounds

£5€'
9seL
09g'2
0LEL
SLEL
BLEL
06E'L
664
L6EL
SebL
96b'L]
5152
BE9L
0692
b9
6894
7994
2062

TIE'E

526
626'L
PPB'L]
BPE'L
cSE'L
SSB'E
0iB'L
PEB'L
686'L
Z66'L
oT0'g
0c0's
SE0'8
BED'S
6628
Z0E8:

LIE
TEE's

958 11—

Hﬁ/. T
B
we

- ST
.m,.an:

10T |

Fort

90 85 80 725 70 65 _60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

95

0125 120 115 110 105 10.0

1H NMR Spectrum of Compound 1a in DMSO-d;

)
22r'9zT|
ZECLTTNL
bpSLET
acaszrf
69621 r
556251
620'bET
oz s —

£58'05T—

BELEST—

T
90
f1 (ppm)

100

10

20

30

40

50

60

70

80

110

120

130

140

150

160

170

180

13C NMR Spectrum of Compound 1a in DMSO-d;

23



C Uleaiburiasts JAMUARY 20155 THAL 2001-201% 121301

0.
PTHAL #60 AT. 1.03 AV. 1 NL 691ES
T: FTMS (1.1} = p ESI Full lock ms [100.00-1500 00
261 0641 NH
CuMugOzN:Na lll
0
1a
£
302 D80T
CuHinOzNaINa
2300821
1 .
L] Li ¥ L] T L L} T 1
150 200 20 300 350 400
mz
HRMS Spectrum of Compound 1a
& AT M AMNO AN OO NGO T MNNO
2 SLIIHAHGARRREUSEEESaE 0
— WO WWMsMNMNMNMSNMMSMNMSMNMNMNMNMSOODWO
LGSR
NH
N
L
F
1b

A 10041
Lo9-T
1091
2077
2,067
247

T T T T T T T T T T T

70 65 60 55
1 (ppm)

T T T T

T
12.0 115 11.0 105 100 95 90 85 80 7 50 45 40 35 30 25 ¢ 15 1.¢ OG5 OG0 -05

n

1H NMR Spectrum of Compound 1b in CDCl3-DMSO-d;



988'FTT~,
oTTSTT

STERET 1

GR6'FIT /,
TEO'LET~
8Lyl

/

B5T'TST—

09T'85T—

70 60 50 40 30 20 10

80

f1 (ppm)

170 160 150 140 130 120 110 100 a0
13C NMR Spectrum of Compound 1b in CDCls-DMSO-d;

180

BIS'E—

Br

55921
19941
T£9'¢1
=
6394
G694
S0LE
v
£26L
L26L
ThEL

Sp6L

6564
$96 L]
896/
e
186
T66'L
s00'8
5008
bz0'8
£h0'8
608
SOE'S
5058
26’8
szes!

SPE'TT

ook
Faoe

I-E0T

%.mm.a

.0 125 12.0 115 110 105 10.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

a5

1H NMR Spectrum of Compound 1c in DMSO-ds

25



Br

LO0'0ZT
BTLb2T -
TLELTT|
S52'827)
895 62T~
PLETET~
OL0'EET 7
96T kET/

TTH THT—

LLOTST—

SPB'LST—

170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR Spectrum of Compound 1c in DMSO-d;

09E'e—

ELT'Lq
PET'L
£05'L
bES'L
968'L
006'L
PTEL
8T6'L

CE6'L

LEB'L

b6 'L
856'L
€96'L-
9L6'L)
086'L
900°8
T70'8
50'8
5208
G828
582'8
E02'8
90£'8"

858'TT—

P

F00E

- 10T
e

Foe

F660

=880

9.0 8.5 8.0 73 7.0 6.5 6.0 55 5.0 45 4.0 3.3 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5

.0 125 120 115 110 105 10.0

1H NMR Spectrum of Compound 1d in DMSO-ds

26



£E9'F2Ty
£90'S2TY
LLT'9TT~E
€08 LT
60E'6ZT
£69°6T1F
ITEZET
PSBEET -
abgoeT |
EbLGET

FBL0ST

69L'£ST

60 50 40 30 20 10

70

170 160 150 140 130 120 110 100

180

13C NMR Spectrum of Compound 1d in DMSO-ds

69
56691
£20'4|
mma,?%
PTEL
EEEL|
VS

€142
gere
25t ]

£85'¢ |
T09'¢”

0£8'01—

|

0.0

L

e

oz
660

e
Famy

I

-0.5

11.0 105 10.0 9.5 9.0 85 80 75 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)

11.5

1H NMR Spectrum of Compound 1e in CDCl;-DMSO-ds

27



S6E'5T,
Eletiass
cevier]
TeetazT!
oeaEer”

EbP TR —

09T'e8T—

BIF'8ST—

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR Spectrum of Compound 1e in CDCl3-DMSO-ds

9Ty
SaTE
99Tt
SaTE
THe2E
PrEL
LhTE
08z'L
£97'L
99z'L
EYee
T8Z L
8224
BED'LAY
Ot
156t
09424
£ap2 4
Libe
T86L
POS'E
ses e
s
£89L
989'(1
voL'L]
204
T9LL
gaced

NH

J|L

i
zgnIgs

Mla:

6.0 55 50 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0o -0.5 -1
f1 (ppm)

6.5

9.0 83 80 75

9.5

0 125 120 115 110 105 100

1H NMR Spectrum of Compound 6 in DMSO-d;

28



ELLOTT—
£92'STT~
85L°0ZT

596" 02T

mhc.ﬁma.mw
T SET~
Z18'8ZT~,
BE6'6ZT—

BH9'BET .
Z0L'0pT~

BEL'95T—

30 20 10

40

170 160 150 140 130 120 110 100 20 a0 70 60
f1 (ppm)

180

13 € NMR Spectrum of Compound 6 in DMSO-d;

ELLOTT

TL0ET~,
tdcyorasyl
£oTer,
522521

LI8'82T—
The'62T

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

30

DEPT-135 NMR Spectrum of Compound 6 in DMSO-d;

29



LT0'L
a0'L
620'L
EEQ'L
6E0'L]
£P0L
6F0'L
SS0°L
Te0'L
£90'L
890'L
££0'L]
BL0'L
T80'L]
+80°L
PE0'L
660'L
cOT'L
LOT'L
0TT'L]
9IT'L
6IT'L
QET'L
8ET'L
TIeL
S12L
BTC'L]
0£z'L
SETL
THC'L]
SPTL
PET'L
LETL
08c'Ly
98Z'LY
96Z'L
TOEL
SOE'L
CTE 'L
BIE L
TTEL
9ZE' L7
POLL
JATA S
ET8'L
918t
cE8'L
SEB'L
288'L
988'L]
T08'L
S06'L
026
PT6'L]
ZE0'8
TS08
508
kT8
SkT'8
T9T'81
FIT'8
Fob'8
L6¥'8
£15'81

915'8

N

.

3a

L

i !

- B
wl:
Bospe

507
0T

I-w1
Foapt

Rt

5120

7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1
f1 (ppm)

5.

8.0

25 90 85

100

11,5 110 105

1H NMR Spectrum of Compound 3a in CDCl;

l \
Z-Z ©
OHMMWHO ®

TIH8IT—
590°921 1
L=t '
064921 —
885'LTT-
TH9'LET
598'L2T
926'LaT
S50T°82T
992°82T
Obb 82T
205'821
ZZ0'eeT
a88b'6aT
+09'ECT
928'0ET
FO9'EET
ZB8'EET |
TLOPET
ELPPET
99¢L'SET
020°9ET
£65'95T]
£06'LSTY

|
:

30 20 10

40

170 160 150 140 120 120 110 100 20 80 70 60
f1 (ppm)

180

13 € NMR Spectrum of Compound 3a in CDCl;

30



r134.079

133.889
130,829
129,023

128,445
z

127.929
127.870
6

3a

SMK-16A#139 RT:0.62 AV:1 NL:2.32E8
T: FTMS + p ESI Full ms [86.00-1290.00]

100

2 o4 M N W @ A A a9 & N N ® ©® © ©
S & o & & & o o ©o @ o & o o o & o &
vl bl byl b b b b b b b b bevs s b b b b}

o

407.2206
R=50102

120 110

100 a0 a0 70 60 50
f1 (ppm)

40 30 20

DEPT-135 NMR Spectrum of Compound 3a in CDCl;

415.1439
R=55907
CasH1o 02 N2 =415.1441
-0.5155 ppm

413.2658
R=52102

437.1258
R=54507

C2s H1g O2 N2 Na = 437.1260

-0.5847 ppm

418.8793 424.8965 430.9138
=53002 R=53106 R=50202

3a

4461859 449 3506
R=52207 R=43600

10 C

453.0996

o

415

T T T T LI L |
420 425 430 435
miz

HRMS Spectrum of Compound 3a

T
440

T T T T T T T T
445 450

R=52807
|
T

31



£6E'T
698'9
[k
T00'Z]
S00°L
8001
ZI0'L
9T0'L _
T20'L]

9Z0'L
zE0'L
PEO'L
8E0'Z1
THO'L
PHO'L
TS0'L
£50'L
850'L
£90°
890'L
TL0'L
pIO'L

280

S80'L

Z60'L

PE0'L

L60'L:

660'L

ETT 'L
STTL

BIT L]
0zT'L

T07'L |
POZ'L]
60 L1
STZ'L
0zz 'L
¥ZT 'Ly
SLz'e
08z'L
bEZ'L
182'L+
682 'L
T62'L
TOE'L-
vog L
Lo
zze '
Sac'L
T08'L"
$OB'L
0Z8'L:
£28'L
bLB'L
LB'L
£68'L
968'L
z16e
ST6'L
ZEB'L
564
ZET'8
SET'8
z51'8
SS1'8
£81'8
98b'8
£05'8]

905'8

LW,LJL i ]

16T

b0 T

bEQ
Wo:
Foez

2.0 3 10 65 0.0 -0.5

2.5

3.0

3.5

1i.0 105 100 9.5 9.0 8.3 8.0 73 7.0 6.5 6.0 3, 5.0 4.5 4.0
f1 (ppm)

11.5

1H NMR Spectrum of Compound 3p in CDCl;

ECE'BTT-

LEY'9ZT
£55'92T

STS¢ET
pBESLET
bBLLET
88T
260827
SezgeT]
2y 8T
£E0'BET
580627
955 62T
648 0ET
BEE'EET
60L'EET
TESEET
026'EET
0/5'bET
ST6'SET #
809957
£69°2sT!

\

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

180

13C NMR Spectrum of Compound 3p in CDCls

32



M- owrOnneodT

[ RGN B TR ol i Sl S =
CmMO oY NG~ IRNR T M n
= R S i :
R SRR AR R =
pCRMBUELRLpLRRBERL R RS pu B A

3b

30 150 140 130 120 110 100 a0 80 70 a0 50 40 30 20 10
f1 (ppm)

DEPT-135 NMR Spectrum of Compound 3p in CDCl;

SMK-16T #147 RT:0.66 AV: 1 NL: 1.43E8
T: FTMS + p ESI Full ms [86.00-1290.00]

451.1415
R=53607
C29H20 02 N2 Na =451.1417
-0.4868 ppm o
420.1596 N™
R=54507 |
C29 H21 O2 N2 = 429.1598 N
-0.3437 ppm
4671153 474.2173
4072220 4132662 418.8799  424.8968 sar2ore 4484332 460.2017 467152 4742173 asste7 4882331
R=52407 R=52002 R=54702 R=54002 R=37000 R=48007 R=50407 =57 ) R=48002 R=50107
L o e e 5 L B e o o o e L B o o o o
405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485

HRMS Spectrum of Compound 3b

33



F

11.0 105 10.00 95 90 85 B8O 75 70 65 6.0 - F.S ]S.U 45 40 35 30 25 20 15 10 0.5 0.0 -0.5
ppm

11.5

1H NMR Spectrum of Compound 3c in CDCl3

X

N

3c

E65TTT
ZHTIT
EBEIT~,
ETT'STTY
o
sgg'0eT
EEQ'LZT_
904 2T
£5geT
996221
860°82T
93821
£15°82T
2e6'8eT
296621
£25'62T
889057
b TET
££5'TET
ez EET
626'EET
ThO'PET
SET'HET
ZLLPET
pEzEET]

599951
9SL ST

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

180

13C NMR Spectrum of Compound 3c in CDCl;

34



M A" d oo ofs MInT
MET OO O O S MW T g
HoBnTARSR MY nd 0
o= R el B e e R N N
R R R R R R R T RS I RIRE R
g Rl S B B R i R U R R R
S C ] o
N™ ™
|
3c
|
T T T T T T T T T T T T T T T ]
30 150 140 130 120 1io 100 90 80 70 60 50 40 30 20 10 C
f1 (ppm)
DEPT-135 NMR Spectrum of Compound 3c in CDCl3
SMK-16P #145 RT:0.65 AV:1 NL:3.39E8
T: FTMS + p ESI Full ms [86.00-1290.00]
455.1165
R=53107
C2sH17 02 N2 F Na = 455.1166 (0]
-0.3112 ppm
NT
433.1346 |
R=54607 N
Cag H1g 02 N2 F = 433.1347
-0.0900 ppm o)
3c
471.0903 478.1924
424.8970 4309133 4572’1055 ;S_::;gj R=51507 R=51807
R=51002 R=49002 R=51507 =5’ ‘ ‘
B e e e L SR S e e T T T T T T
425 430 435 440 445 450 455 460 465 470 475 480
m/z

HRMS Spectrum of Compound 3c

35



£66'9
8661
£00'¢
600
ZI0'E
#10¢
210
YE0'L
ThO'L]
SpO'L
LpO'L
250'L
950
1902
£90'¢
£80°¢
TEO'L
LE0L
080'¢
Z80'C
580
680'C
£60'¢
00TE
20T
Z8T L
8T
26T ¢
0z
Pl

8iet
T2
S62L

00E 24
POEL
€T
L1E
fisla
SEE'L
ThE'L
SBEL
06E'L
£00'L
L
208'¢
S08'¢-
12824
veg
0p8'L]
£p8 e
188
168
£06'C
or6 ]
aT6L
926'4
626'4
8E6'L
£E1°8
518
z51'8
£51'8
951'8
beb'8
Lib'
PEb'S

£6¥'8

N~ X
l
N
Br

3d

S

i

502
9E

feot

“EDE
0T

=001

1i.0 105 100 9.5 9.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 23 2.0 1.5
f1 (ppm)

115

1H NMR Spectrum of Compound 3d in CDCl;

@
4
z-z 3

TSE'BIT~
LLT'02T~"

058'92T~,

TOLLET~

68T
900'82T
201 '821
905827
TS5 '62T |
ET£'8TT
OT6'82T
096'8CT
6LZ'6CT
825 621
9Z£'0ST
BET'TET
YT EET
CELEET
ZS0'bET
PrE BT
L69'PET
BOE'LET

——

bS5 95T
98251

|
w

40 30 20 10

50

170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

180

13C NMR Spectrum of Compound 3d in CDCls

36



LU0 e o e B o Y o Y O N e R (O ¥y R
sTHmThHhw I N1000o @0
DLEr: Py Tl M 210 g B =
=Rl i el o
thth @ el el e el el el el
it s i R s B LU R B S
T T Y o
N
|
Br
T T T T T T T T T T T T T T T T
50 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
DEPT-135 NMR Spectrum of Compound 3d in CDCl;
SMK-Q#163 RT:0.72 AV: 1 NL:7.37E7
T: FTMS + p ESI Full ms [100.00-1500.00]
493.0552
R=51106 0
C2g H1g O2 N2 Br = 493.0546
1.2572 ppm
N7
|
Br
494.0585 | o6 0565
R=50902 | o oocos
497.0595
480.0923 486.8680 R=49202
R=49506 4872’“95 484.0174 R=49606 501.1420 502.8812 507.2723
Lo R—arsoz R=34300 | } | R=34900 R=36200 R=42805
L e o e e e A s e o e e s e e e e B e B L e e e e e e e e e e e B L s e e s s e |
480 482 484 486 488 490 492 494 496 498 500 502 504 506 508 510
miz

HRMS Spectrum of Compound 3d



26T~
0EE'ZT—

558'9)
SL8'9
5069
6069
51691
9769
0859
SL0'L7
6L0'L
180'C
S60'L1
860'L1
TOT'L
ZTT LA
59221
0LZ 'L
SLZ'L

mmm,_@.
87 7
L08L-Y
oT8's
9z8'¢
628
SI8L
8L
263 ¢
S68'C
T16'L
PI6'L
1108
£10'8
1E0'8
££0'81
678
05178
49181
0LT'8
PaP'8
1881
P0S'8
£05'8

N

=,

3e

— =0

= TO00E

Eogry

FIE9
10T

§

601
m

Bt
Besoy

0T

8.0

70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 23 2.0 1.5
f1 (ppm)

75

110 105 10.0 9.5 9.0 8.5

115

1H NMR Spectrum of Compound 3e in CDCl3

S82'TE
LEE'TE

\
L z-z °
OHMMWHO ©

£0Z'BTT—
286'STTY,
TOE'9ZT)
891'£21 Al
0v8'LZT
068'LZT
£1Z'82T
29821
PBE'8IT
TSE'8ET
£66'82T
96b'BZT
ZL9'BET
649'0ET
£69'0€T
0L5'TET
LBLEET
PEOBET
9TE'SET
046'5ET
8STLET
+05'2£7
299'35T
Sp6'LSTY

#
m

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

180

13 € NMR Spectrum of Compound 3e in CDCl3

38



SMK-16E #167 RT: 0.74 AV:

T: FTMS + p ESI Full ms [86.00-1290.00]

1 NL:3.02E8

465.1572
R=52607
Ca0H2202N2Na =465.1573
-0.3292 ppm
100
443.1754 o
95 R=53807
CaoH23 02 N2 =443.1754 BN
90 -0.1139 ppm ’}l
85 N
80 o)
75
3e
70
65
60
55
50
a5
40
35
30
25
20
15
10 499.1651
a811311  488:2330 R=50307  506.1839
5 418.8793 424.8964  430.9141 450.1326 462.1490 474.2166 R=50507 R=50407 R=36400
R=53902 R=52702 R=52202 R=43500 R=50407 R=48707 | ) | [
(S o o 0 L B L e e e LI
415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505
m/z
HRMS Spectrum of Compound 3e
TAFTHNO AT SOOI T A NN OO ASNTONTERORM—TOWNTEASOMSAT ONOME OOMmY O
AREEn NN EE 8 e s R e R WA NRA IS 0YY OS2 38 858 8RauuENconRarnd
EE LR i i il e A i R R R R R R R L
L hl sl il ; E : —= 5
N
|
=
I
] UL..J 1 il . L
I LHRY 2 yy
% 2388 B =3
- o= A hadias
T T T T T T 7 T T T T T T T T T T T T T T T T T T q
11.5 11.0 105 10.0 85 90 85 80 Z5 Z0 65 6 45 40 35 30 25 20 15 1.0 05 00 -0.5 -1

a 5.5 5.0
f1 (ppm)

1H NMR Spectrum of Compound 3f in CDCl3

39



—0
uc -

\

a@ad
OHMMWHO

656'¢5
AT'SS

Y
™

OLT'ETT

=

99LETTH
EETBIT—
T89'STT

LPB'ST
LEB'STT
ETZ'92T
B6T8'9ZT
LEELZT
ELB'ETT
8p1'82T
65H'82T-
£8F'6CT
£¥3'6ZT
0SE'0ET
Or6'TET
S6L'EET
L20'FET
9E8'SET
000 9ET
££9795T
£96'£ST
0S£'85T
608357

\

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

180

13 € NMR Spectrum of Compound 3f in CDCl3

296'Fa
LBT'5S

ZLTETT 5
gaverts
SEZ'BIT—
200'92T
STZ9TT
LLBLETL
257'82T~
£9v'8217,
OSE0ET 7
Lpe TE’f
TOR'EET “
bEO'bET

140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

150

DEPT-135 NMR Spectrum of Compound 3f in CDCl;

40



SMK-16H #134 RT:0.60 AV: 1

NL: 2.30E8
T: FTMS + p ESI Full ms [86.00-1290.00]

497.1470
R=51107 |
Cs0H2z 04 N2 Na =497.1472
; -0.4138 ppm o) ]
0o 475.1651
R=52007
Cao Hzs 04 N2 = 475.1652 N™ X
-0.2169 ppm |
2941388 513.1209 5202230 531.1549
453.1524 467.2431 480.8503  486.8676 5071923 Ro4ge07  R=49707 R=48907 539.1589
] R=44800 R=43800 R=42700 R=47402 R=48907 X R=48007 | \ R=44202
[ o o o e B B LI L I
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540
miz
HRMS Spectrum of Compound 3f
OMOMONOAWoOOOMT SANNYOOR DN O MO T N0 T INNOMET NN NNMEOWN ™S AT AW o OT P
FEE R e e e e e e R R RN e Rt St bl
365 06 05 05 65 00 05 03 65 00 G P P PP P PP P P P R P P P P P R P R S R s R R R R R RS0 S0 58660
N™™
|
|
i
J I l.; i
L o 7 i,
= famz menoo
T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 110 105 10,0 9.5 9.0 8.5 8.0 73 70 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

5.5
f1 (ppm)

1H NMR Spectrum of Compound 3g in CDCl;

41



L
Fuw\'
z-z o
03

R

0684117
£0T'GTT
£bPSTT
299511
TG5'8TTH
#90°92T
29T'92T
6£5'92T
ESk'LTT
bBRLZT
6£5'82T
oze'8zT
OTH'62T
SEY6TT
£5p'62T
T6v'62T
FLTOET
60701
TLE0ET
#56'0ET
80v' 2T
68p'2eT|
090'7ET
£6TVET
STS'SET
06L'SET
£95'95T
LSBLETL
28909
$E6'09T"
E51°€9T
Gec'€8T

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

180

13 € NMR Spectrum of Compound 3g in CDCl;

B89 T
S0T'STT-L
ser'stTf
T89S
155'8TT-
b20'92T
991921
SER T~
085'821)
Tedszr
£48'05T
56'0ET )
50p'ZET
58b'ZET
950°PET
PET'HET

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

DEPT-135 NMR Spectrum of Compound 3g in CDCl;

42



SMK-16L #135 RT:0.60 AV:1 NL: 1.51E8

T: FTMS + p ESI Full ms [86.00-1290.00] F
473.1071
R=51907
Cas Hi1s 02 N2 F2Na = 473.1072
-0.2519 ppm
1004 P 0 F
N
|
4511251 (0]
R=53607
Cas Hi17 02 N2 Fp = 451.1253 3g
-0.3073 ppm
800811 505.1332
4309137 4371263 4432682 470,0992 ;st;g:é R=s0307 4961830 R=50307 514.1340
1, R=52202 R=50102 R=46600 R=48807 2l | R=49807 R=44202
L e A
425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515
miz
HRMS Spectrum of Compound 3g
OWOoOWVANWOMN A0 0O YW AR OOMN TN OUN DA AN = OO N OO Y oW 0T
EEESEEEEEE RN R DR SRR L R R EE R R PR LR
0500 06 05 06 06 05 05 G5 05 00 00 P P M P R R R P P P R PP T RS T P T T e e e P P P P T P P T P 0 665
|
I
, P LA
ST T = o
T T T T T r T T T T T T T T T T T T " T T T T T " ]
1.5 1.0 105 100 95 90 85 80 75 A0 65 6 45 40 35 30 25 20 15 1.0 &5 0.0 -0.5 -1

a 5.5 5.0
f1 (ppm)

1H NMR Spectrum of Compound 3h in CDCl;

43



()

MO B
aSa)

Ragl

HES'BIT—

£90°8ZT
S8T'92T|
FOT'9ET
8TS'LZT
806'LZT )
22Z'82T
9T9'82T
608'82T
968'82T
BZE'BTT
TEF'62T Y
86Z°0ET
858'TET
2P0TZET
9IZET
IE'EET
ZLB'EET
9ZT'PET
TSE'PET
06T'SET
BOR'SET

0L5'95T
£E8'/STY

170 i60 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR Spectrum of Compound 3h in CDCl;

(@)

MO B
L5

Ragl

OFS'8TT—
690'92T
88T'9714
2T6'LET fr
(2T'8ET~x

om@.mﬂ\_m
zieget
10887
862'0ET4
050'ZET
0ETbET
£5zpET

140 130 120 110 100 a0 80 70 a0 a0 40 30 20 10
f1 (ppm)

150

DEPT-135 NMR Spectrum of Compound 3h in CDCl;

44



SMK-16J #173 RT:0.77 AV:1 NL:5.71E7
T: FTMS + p ESI Full ms [86.00-1290.00]

483.0664
R=51506
Cas H17 02 N2 Clz = 483.0662
0.4472 ppm

485.0632
R=50803

492.8841

480.8506
476.8392 R=49606
]

R=35300  R=46902 |

505.0484 CI
R=50506
C28H16 O2 N2 Cl2 Na = 505.0481

0.5266 ppm

Cl

z-Z

3h

507.0453
R=49303

514.1082
498.9018 502.0397 R=49106
R=48102 R=43804 l |

521.0220
R=48606

(-t st st aatss Lhad e hasad aedad st st s Meadd ad d Lt sttt

1
475 480

B.506
8.502
8.486
8.483
£.153
8,137
8,124
8,038
8.036
}s.017

500

Br

7,144
5.91
6,910
5.905
6.893
5.888
5.982

Br

3i

100-x

11.5 110 105 100 95 90

T T T T T T T r T T T T T r
6.0 5.5 5.0
f1 (ppm)

1H NMR Spectrum of Compound 3i in CDCl;

45



NMOToOMTOAR AMO U SN Mo O WM T 0o

MO MO~ O~ODDAN SN A0 00000

BRO-NAdSMES N Moo= CMnAMN Br
P T R = B i i R pr

R R R R e R st R R R R R R R B

Lik ol Rl i il o e i s M B R g s )

A4 =i (7

180 170 160 150

SMK-16F #181 RT:0.81 AV:1 NL:2.79E6
T: FTMS + p ESI Full ms [86.00-1290.00]

1007

9

a

9

S

8!

a

8

S

7

o

7

S

6!

a

6

<}

5!

a

5

4

o

4

=3

3

]

3

S

2!

o

20

o

o

S
s bbb b b b b b B Besws b B b Do b Bewn Bewn Binnn Bnns

@

140

130 120 110 100 90 80

1 (ppm)

50 40 30 20 10 i}

13 C NMR Spectrum of Compound 3i in CDCls

Br

O
N
|
N

o

3i

572.9633
R=47106

570.9657
R=47202
C2s H17 02 N2 Brz = 570.9651
0.9961 ppm

571.9694
R=45902

c

HRMS Spectrum of Compound 3i

46



956'9
096'9
5469
646'9]
6pT'L
1L
89T'L
TLT'L
81
06T'L
YET'L
00zt |
50zt
aze
ezt
zieL
9LEL
S8E'L
EE'L
£6E'L
L6E'L
ZThL
STb'L
bt
82b'L
k'L
9rb'L
0sb'L
95b'L
99b'L
6Lb'L
£8p'c]
9p't
26b'L
T05'¢4
505'¢
609'L
T
629'C
6b8'L
£58'L
ag't
898'L
0£8'¢
948'L
£88'¢
88t
096'C
£96'¢
£96'¢1
26t
646'L
286'L
¥O6'L
686'C
9908
890°8
180°8
680°8;
ars
021’8
91’8
6ET'8
z1T8

FeC 8
L15'8
0Z5'8
LES'8
cvm,w_

NO,

NO,

R v " ML .

b,

060
e
o
@mma
ST
9z
oy
E6' 0
= 6ET

FE60

2.0 s 18 0.5 0.0 -0.5

2.5

3.5

80 75 70 65 60 5 50 45 4.0
1 (ppm)

8.5

11.0 105 10,00 9.5

11.5

1H NMR Spectrum of Compound 3j in CDCl;

~ l ”l‘
O
=z

096'8TTq
LOECRT

~N

o
z

74
Z-Z
OHMMWHO

—

™

SZH'ET
96 bIT
908's2T
TLR'SZT
b5b'9ZT
¥ea'LET
S96'4ET
6T0°82T
858'87T
288'82T
6968211
886627
9ER'EZTY
088'62T
8bL'TET
TS PET L
POS'PET L
T6¢'5ET
069'BET-F
Lp90FT
SPYLET—

CTLLsT

-10

10

20

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

210

13C NMR Spectrum of Compound 3j in CDCl3

47



R3J

10/30/2015 10:11:05 AM

D:\Raw Datal.. \28-OctiR 3151009173546

R 3J_151002173546 #22° RT: 0.23° AV 1 NL: B8.35E5

T: FTMS + p ESI Full ms [150.00-2000.00]

NO,

NO,
1023.7828
919.7143

903.7415

3j

N
NG
877.7249

802.2270

T45.6313

713.2640

5051140
443333

399.3074

L LS LR LR LR AL LN L LA RN L AR A LR UL AR AL LN A
[Ty = BTy T~ Ty E B Ty B Ty B = Ty B~ BT I = T T R~ T Ty B~ Ty =
[=7] [=3] [=s] (=) [ [ w w o uw = -t (3] o [y ™ - -

BaUBpUNGY BAEBY

1005

400 500 600 700 800 900 1000
miz

200

200

HRMS Spectrum of Compound 3j

seray
02z L
vZz e
652¢1
oy
ez
oz
Tezz ]|
[

tos|
90 £
e
VIEL
ozEL
zzes
SeEd
O£
e
ThE]
ShE L
L
0SEL
POE L
TeEL
6Tb'c]
e
Levs
e
Tobs
60LL
2L
80
TeLL
908 £
e
Br5c ]
zsEL
984
Tegiy
e
068 L
T66 -
voo,n.ﬁ
966

1106 _.
5108

60T’
e
gar's;
zer's
abbe]
zZob's
gob's
TLb's”

AR

F=o0E

o~ 50T
Foos

Foary

80T
e
Ioror
ot

o |

1.0 05 0.0 -0.5

1.5

2.0

25

3.5

11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40
f1 (ppm)

11.5

1H NMR Spectrum of Compound 3k in CDCl3

48



T95'#T

(0] I

X

N

N
g

3k

STT'&TTH
0b0'T2TY
¥SE bETY
0£C'92T \
055227
WELET
6878274
PO BT
80% 82T
006'8Z1f
05621
¥EL6ET|
299'EET
T56'EET
bL6'EET
200'SET
zezoet!

22T 95T~
PEBLST

B T

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

180

13C NMR Spectrum of Compound 3k in CDCl3

595 T—

0
O
Rag

LIT'8TT—
85E'bZT
PEZ'STTA|
058421 ﬁ
Z61'82T
89z'821]
TTHEETY
TO6'8ET”
pESEETY
se6€eT’

|

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

DEPT-135 NMR Spectrum of Compound 3k in CDCl3

49



NL: 5.28E8

SMK-B#124 RT: 055 AV: 1
T: FTMS + p ESI Full ms [100.00-1500.00]

375.1105

R:

58607

~ o
N
83
o e
i
B
©~
85 |
R
28
NE;
5
o
g5
33
e
g%
\ S
=
z-Z ©
P
28
838
o3
P
S
@0
23
23
83
23
8
0
2
8
3 —
25 &
88 e
5B Z 0
af S8
Sxd =2 .
2o 58
= 38
I 0 O«
2 2%
) B3
0 o
88
23
28
9
J
o0
28
23
a8
PR
S
o
35
ER
o b
S

380

375

370

365

360

355

350

345

340

335

330

miz

HRMS Spectrum of Compound 3k

0
@
=

4=
i

e

3l

e

Foze
e

ez

8EE

gz
iz
S0
=01
o0
g

]

2.0 1.5 1.0 0.5 0.0 -0.5

25

3.5

8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0
1 (ppm)

8.5

11.0 105 10.00 9.5

11.5

1H NMR Spectrum of Compound 3l in CDCls

50



SE9'ET—

sz ze
69592
000'TEN,

CLS'BTT—
BEE'RITY
004'S2T~-
PE0'92T-T
61921
664'LET
T8T'82T
S1T'8TT
=TT
bLE'BET
S6T'62T
Oby' 62T
€5£'627
SPOEET] .
SZ6'EET
ELG'EET
TIS'SET
ThE'9ET h_
+80'95T
erLLetT!

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

180

13C NMR Spectrum of Compound 31 in CDCl3

G6EIET—

sz
g95'92—
866'0E~,

2L5'8TT—
E6E'ET,
667927\
208'42T~
sarer-f
g1zt
9L£'82T
561621
zs9'eeT
ze6'geT”

3l

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

180

DEPT-135 NMR Spectrum of Compound 3l in CDCl3

51



R3L

10/29/2015 8:02:48 PM

50
F o 0ceo
E 882'0

2 SE0'T
3 BEO'T
2 ah0'T
bEO'T
90T
2 TL0'T
660°T I-mE

s0T'T
o STT'T Fao
Fore

3 zzZT'T
ert ]

- oFT'T
0ST'T

o= 9S5T'T
= ELE'T (@)
3 T6E'T
0T#'T+|
S5
E 0552
PSS
855'2
pesz!
WL
SHEL
16T
15T
6524
99
0LTL
S8z
6824
S6T'4
00E £
ST
0ZE'L
TZEL
STEL
82E'L
LEE L
BEE L
EHEL
s =
b L
F m £9b'L
9L Dt
3 - =
69z S
- 2Lt

N
N
NG
3l
N
3m

O
|l

819.3892

1
60
mfz

553.2853

e
e
o
85°E
Sops
T

ke
-

HRMS Spectrum of Compound 3/

3951755

L

T6L L
- S8
6E8E
S8
3 858L
ca
£66']
ooo's
£10'8
0zo's
S80'8
680'8
sor's

312.0667

1..“ lll.JLL L... s lJJ.Mn‘lluluLm ks “ O N

267.1858

193.0175
200

53

T: FTMS + p ESI Full ms [150.00-2000.00]

R3L_1510231450#89 RT: 088 AV: 1 NL: 3.70ES
1005

D:\Raw Datah.. \29-OctiR3 L_1510231450

801T'8
ckk'8
kb8
BIUEDUNGY BALE|SY 2er's
58p'8

TTTTTTTITTI T T I T T T T T T T I I T T T T T T ITTTTTTTTTTTITT
= = = - T T =y B = I T B = I = T B =y
(== A= O - =R I R S N T T S A

20 15 1.0 05 0.0 -05
52

25

Foz [

70 65 60 55 50 45 40 35 3.0
f1 (ppm)

75

8.0

1H NMR Spectrum of Compound 3m in CDCls

88s'l T— 07 |

11.0 105 10.0 95 9.0 8.5

11.5




096'ET—

LbP' T

50892+,

LBL'BT~

£CB'8C

£ETTEY

NT
3m
50 40 30 20

60

70

E95'BTT—

08E'$TT

whh.mma//

£60°52T
T61'92T)
864 'LZT
587827
ZIZ'BZT
BLE'BTT
TLT'BET
Ebb'6ET
254621
THO'EET
TEZ6'EET

B6G'EET ﬁ

99p'SET

zpaoeT |

0951y

c0LLst?

100 a0 80
f1 (ppm)

110

120

|

130

13C NMR Spectrum of Compound 3m in CDCls

170 160 150 140

180

FIB'ET—

05F'Z2—
+08'92
wom.mm./
+2B'BT
BZ'TE—

P95'8TT
EBE'PET

S6T'92T
208'L2TL
9LT'BIT%
68T .mﬂw
L1e'8zr

uwm_mmiﬁ
021621
SpYEET |
z6'eET

53

10

20

30

N™ ™
3m
a0 80 70 a0 50 40
f1 (ppm)

100

110

DEPT-135 NMR Spectrum of Compound 3m in CDCls;

120

130

140

150




SMK-D #186 RT:0.83 AV:1 NL:5.71E8
T: FTMS + p ESI Full ms [100.00-1500.00]

423.2068
R=54707 445.1887
C28 Hz7 02 N2 = 423.2067 R=53607
0.3392 ppm
|
3m
4051963 442.1807
R=47900
C28 H2s O N2 = 405.1961 412.8630 418.8806 430.8740 453.2169
E 0.3680 ppm R=51202 R=52602 R=47600 R=47702
or——T—TT T T T 7T T T T T T T T T T T T T T T T T LN s S B S S S S B S B
400 405 410 415 420 425 430 435 450 455 460
miz
—
HO0BERNEYBE8 Ty ey
STTTTONMMNAAMG OG0 0 N
03 00 €3 00 00 00 €5 06 €5 00 O3 09 ML RS M MM ol el ol
- o
|
3n
L
L &) "y
88 §2 a4 82
T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 735 70 6. 3 40 3.5 3.0 2.5 2.0 15 10 0.5 B8 =05 -1

6.0 55 5.0
f1 {ppm)

1H NMR Spectrum of Compound 3n in CDCls



TO'ET—
DEL'ST—

T8Iy

59621
905'TET

££9'EET)
Leeety
269'5€T

LbP 95T~
9ZLLST

170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20
f1 (ppm)

180

13C NMR Spectrum of Compound 3n in CDCls

99p'ET—
9EL'ST—

£ZZ8TT—
6EEEZT
S60'92T-
5BPLET V/
S95217
SEZ'RZT
BE9'EET
ceeer

o

150 140 130 120 110 100 a0 80 70 a0 50 40 30 20 10
f1 (ppm)

30

DEPT-135 NMR Spectrum of Compound 3n in CDCl;

55



SMK-16N #128 RT: 0.57 AV: 1 NL: 2.44E8
T: FTMS + p ESI Full ms [86.00-1290.00] O

313.0947

R=64107 N
C18 H14 O2 N2 Na =313.0947 |
-0.1689 ppm N
100 i
95
90
3n
85
80 291.1128
R=66707
75 C18H15 02 N2=291.1128
-0.1436 ppm
70
65
60
55
50
45
40
35
30
25
20
15
10
301.1410
5 271.2626 2:_36';322 R=65107 310.0858 319.0911 3311051 5337 0941 3;_2:;2; 3;_25?2; 362.9262
R=61302 L | ) | R=51200 | [ | R=57907 R=60907  g_54702 = Lo R=51602
orrrrrr—r—rrrrr—tr——-r-r----— e e e e e e
265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360
miz
T A ANONOT O NG T ANG RN T MOOTNOd N0 N o NTmToUNOOUUUDanDC
SYTSRAMMAMmMAAGOSREE SN MARRAAINNENAASR chnhnmANAAS 50988
G5 6305 05 03 00 05 03 05 05 03 60 1 P P P P P Pm P P I P P P TS R T B IS P B Addrdddddddd-a-dd66c
s e e e
%\/
30
|
1
]
| y
I
|
U
AT o S ) L e
e o Ao ol & BEgoi

11.5 110 105 10.0 9.5 9.0 8.5 B.0 75 70 6.5 6.0 f [5.5 ]S.D 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 B0 =05 =1
1 (ppm

1H NMR Spectrum of Compound 3o in CDCl;



Z61'8TTY
809'EZT|
286'P2T
TeoserfL
S9T'9ET
LESLZTY

665 'LTTE

16961

5¢9'95T~
EEE ST

170 i60 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR Spectrum of Compound 30 in CDCls

ELYET~
LEEPT

£05'TE~
919z

LBE'BT~
BLGBI

S6T'8TT—
ZIDETY,

920'921 o
ThSLET-
E09'4TT 7
soeszr/
PTOEET~,
856°EET

140 130 120 110 100 a0 80 70 a0 a0 40 30 20 10
f1 (ppm)

150

DEPT-135 NMR Spectrum of Compound 30 in CDCl;

57



SMK-C #153 RT: 0.68 AV: 1

NL: 1.66E9

T: FTMS + p ESI Full ms [100.00-1500.00]

369.1577
100 R=59007
N7
95 3471757 |
R=60707 N
90 C22H23 02 N2 =347.1754
0.8215 ppm
85 O
80 30
75
70
65
60
55
50
45
40
35
30
372.1653
25 R=47802
20
15
10
375.1540
5 329.1739 335.9638 343.0761 356.9106 361.0858  366.1491 R=57307 387.1681
R=54302 R=30600 R=57400 | R=49400 R=54507 R=56807 ll
L e e e L o o o o e o L e e e e o e e o B e o N I e o e e e I B B o e o e o B o o e B B e e e e N B T
320 325 330 335 340 345 350 355 360 365 370 375 380
miz
HRMS Spectrum of Compound 30
MOS0 oOLNN AN OO T NOUHNoOOMO NN T SO Mo MO
TN A 000 0O OO TORODORTETMACNN-—00NMND WD OLWOLWLWW ST
MEMNOMNAAANNNI NN d 490000000000 ®®
S e e et
B
|
|
.
l
i PR Y
2 Fz 25
— -l —
11.,5 1i.0 105 100 9.5 9.0 8.3 8.0 73 7.0 6.5 6.0 £ (5.5 ]5.0 4.5 4.0 35 3.0 2.5 2.0 1:5 1.0 0.5 0.0 -0.5 -1
1 (ppm

1H NMR Spectrum of Compound 3p in CDCl;

58



(0] I

X

N

N
g

3p

99L'LTT—
519214
028921
6ibazT -+
989221
£10'82T
£rser]
22521
805'82T
£50'62T
TZL'0ET
PEO'EET
ZTT'ET
ar1aer]
LLTSET \
£zz'sET
509'5ET]
mhm.mmj.
072957

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

180

13C NMR Spectrum of Compound 3p in CDCls

69LLTT—
bEE'SETY
bab'azTy
6921

Z20'82T
LLEBET

szeser!

[

-

140 130 120 110 100 a0 80 70 a0 50 40 30 20 10
f1 (ppm)

150

DEPT-135 NMR Spectrum of Compound 3p in CDCl;

59



SMK-S#111 RT: 049 AV: 1 NL: 3.59E7
T: FTMS + p ESI Full ms [100.00-1500.00]

365.1286
R=59007 0
C24H17 02 N2 = 365.1285
0.4020 ppm
100 N
|
95 | N
90
85 (0]
80 3P
75
70
65
60
55
50
45
40
35 369.1598
R=59107
30 366.1320
R=58602
25 364.1155
R=58802
20
15 350.8925
R=59302 370.1635
10 R=56602
380.1255
367.1349
356.9090 361.1157 362.8859 =!
5 352.9835 354 gge2 Resarop 3592404 Res1502 R-54202 R=55700 3711666 3720432 3754335 3771112 R=54102
l R=61902 R=42000 | R=53600 | 1] | R=54500 R=43700 R=44400 R=5040%
ot r—tr— -1 YT t—+rr-——"rTr—+r7TT7
350 352 354 356 358 360 362 364 366 368 370 372 374 376 378 380
miz
HRMS Spectrum of Compound 3p
Lo B ol I R o o Yo ol P B ol T B o B O e I S s BT Bt I I OWVWINOMWMOWENORMOW AWM TAENOWLMSMSLICGNON MW WL T
RREE S h N8 EE85522Eh R anREYdSSdd00C S8 858G ARARNRBUCCRARRE
EE R R R A e i el R T R IR L At i
\O
N
|
5a
l._,l_l II
AL BN ol
§ P £y
T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 110 105 10,0 9.5 o0 8.5 8.0 75 70 6.5 6.0 £ (5.5 ) 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0o -05
1 (ppm

1H NMR Spectrum of Compound 5a in CDCl;



B56'FS
+aT'SS

5a

TLLEIT—
£92°e1T
EEZ'8IT—
L5L°PET
SOL'SETAL
8b6'STT
B66'5ZT
ET2'92H]
6T8'9ZT
LEELTT
E€£8'LCT
2bT'8CT ]
09p'82T
075827
£8F'6ET
Sh9'6ET
TSE'0ET
SbE'TET
964 'EET
82Z0°PET
GEQ'SET
000'SET
089957
896'£ST
TSL'8ST
608857

30 20 10

40

170 160 150 140 130 120 110 100 20 a0 70 60
f1 (ppm)

180

13C NMR Spectrum of Compound 5a in CDCl3

AN

ey
/ Zz-Z _.M
O o

196'%5 NW

981'55

UTETT—
e’
SETBIT—
2009274
STE'92T
LIBLETL
151821 .w
£9b'82T
amm,cmﬂw
96 TET
208 €€

PEO'PET d

140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

150

DEPT-135 NMR Spectrum of Compound 5a in CDCl;

61



SMK-R-1#120 RT: 0.54 AV: 1

NL: 1.09E7

T: FTMS + p ESI Full ms [100.00-1500.00]

I
0

529.1739
R=48707
1005
954 O /
90 N N =
85 |
80
75 o)
70
E 507.1920
65 R=-3@07
60
55
50
45*; 475.1656
3 R=50602
407 C30Hzs O N2 = 475.1652
9 0.8107
35 pem
30
25
20 486.8677 523.1876
480.8504 R=49302 4971474 R=47107
R=49002 R=47307
469.1531 CazHz1 04 N2 =497.1496
- -4.4539
R=43700 255152 ppm 513.1437
Ca1Hz1 O3 N2 =469.1547 83.1523
33301 ppm R=40600 ' \
Lo o e e o L o B s o e LA B B e e e e 4 B e e B o
460 465 470 475 480 485 490 495 505 515 520 525 530
miz
Ho—dadonononog ~ NN NEMON D@ A0MONOARMOTO0DOMNOR T W NI Moo WG
OO DM OODOW YT T 4 MMM NOoOY YO0 000
ATTTIARAAAAS S &l B SO ERRANAR AN NAES3CCBdE8EBRRERRRATEER
©0 00 00 00 00 6D 0D 0D GJ 00 0D 0O f rd LR Pt ol ol ol il Sl ol PR el ol el il ol o el Pl el a0 - A I - I I st
|
1l
|
| ) LJL
M . Ry L
BRO A e I3l
Sn MTos onnThTos ==
85 HIAF SRERRTEZ 2a
B S S i A o i o
T T T T T T T T T T T T T T T T T T T T T T T 1
Lo 115 110 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6. .0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1

G 55 5
f1 {ppm)

1H NMR Spectrum of Compound 5b in CDCls

62



880’55
PR
ESP'ETT
Ebb'RTT
CLLBTT
6¥B8'TZT
Z8b'SZT

dseaL

BZ8'SZT
BEZ'9ZT
85k'L2T
LERLET
9TELET
TH0'8ZT
T0Z' 82T
FbZ 8ZT
856821
LLE'BET
605'8ZT
SET'6ZT
ZOT'6IT §
FPE BT 4
096" 62T
219 6T
PELOETAE

PIB'TET Y
096" TET-
s eer 4
Rhmml_%_
czrverd
606'5ET

L06'SET
S£2'95T|
204951
e ST/,
£2E'64T
059'65T4

170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
1 (ppm)

1380

13C NMR Spectrum of Compound 5b in CDCl;

.ﬁmo.mm
hmm.mmv.

mmv,m:
mmv,mzv

Thi 8TT~

icany

£F0'8ZT
6bc 82T
650 82T
215821
EFE6TT
FEL 0T
T99'ECT
EBLEET
OET' #ET
S0ZPET

150 140 130 120 110 100 =hi] 80 70 60 50 40 30 20 10
f1 (ppm)

30

DEPT-135 NMR Spectrum of Compound 5b in CDCl;

63



SMK-R-2#150 RT: 0.67 AV: 1

NL: 1.10E6

T: FTMS + p ESI Full ms [100.00-1500.00]

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

720.8381
R=26600

735.2245
R=40207
CagHa1 Og N4 =735.2238
0.9197 ppm

736.2286
R=38502

737.2609
R=37402

730.8046
R=35700
724.7902  726.6599
R=27300 R=28500

7392430
R=29100

740.7690
R=37402

746.7852
R=37106

7456320
R=35800

748.7909
R=34100

7975
7972
7958
L7956
7953
7894
7873
7784

7.781
L 7.7

HRMS Spectrum of Compound 5b

66
&
7760
7745
7742
7726
7706
7372
7370
7352
7335
7333
7312
7309
7304
7300
17,283
L7273
7269
7239
L7229
7224
7219
7214
7211

7.203
L7.200

7.198
7192
7185
7178
7174
7.166
7027

7024

7013

:

7a

x
F
;i
184"

1.00
049
1.05
1.00
1.09
382
6.92

T T T T
12.0

115 110 105 100

7.0 6.0

6.0 5.5
f1 (ppm)

1H NMR Spectrum of Compound 7a in CDCls

0o

=05

64

=X



7a

$S0'TTT
EPE'ETT
GER'BTT
pBE'ECT
TLEECT
955'F2T
91E'5CT 7.
T96'9CT
BSELCT
60F'LCT
LET'BTTH
0BT'8ZTH
STS'BET
658'82T
£88'82T
TET'0ET
LTETET
SET'ZET |
PIPFET
S99'FET

LEBLET
BS'6ET
£EZT'95T—

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR Spectrum of Compound 7a in CDCl3

6P0'TIT
6E6'ETT—

bObZZT
Pl s 8
281'827
/88T
verost
622 TET u
vaTZET

7a

140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

150

DEPT-135 NMR Spectrum of Compound 7a in CDCl3;

65



SMK-A #146 RT: 0.66 AV:1 NL: 1.37E9
T: FTMS + p ESI Full ms [80.00-1200.00]

387.1490
R=57807
C27 H19g O N2 =387.1492

-0.5242
100 ppm

80 7a

5 301.1406 329.0048 ‘ ‘426-1073 4462233 4711011  489.0756
.

R=63707 R=56702 | (R752202  R=47107 R=50607 R=38100
s B e st e e e e e oy e s e e s s

300 320 340 360 380 400 420 440 460 480 500
m/z

HRMS Spectrum of Compound 7a

)

o1

7.970
7.967
7.965
7,950
7,948
7,945
7.875

7,554
7,769
7.766
7.751
7.748

17.745

7,730
7727

57700

L7679
3-7.363
361

17,343

17,326

7,324
7.107
7.102
7.001
7.086
7.021
7.012
7,010
7.003
6,998
6,996

L6984

&

#23
2

7b

X

-
nr
Lilag

105
Lo7
L7
Loz

T ]
11.5 11.0 105 100 95 90 85 8.0 75 7.0 6.5 6.0 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0o -0.5 -1

55
f1 (ppm)

1H NMR Spectrum of Compound 7b in CDCls



826'0TTY
ZPOPTT
TLO'BTT
£96'Z2T
E0Z'EET
BER'ETT Y
0Z5'FET
8L5'6ZT
po6'9ZT
T8T'8ZT
6b5'82T
259'82T
ZER'BLT~

BL6'6CT \w

BEQ'TET
8P TET
LPD'ZET
LI PET
9EG'IET]
BELLET
GEO'BET
LLIBETY
ZST'95T

30 20 10

40

170 160 150 140 130 120 110 100 20 a0 70 60
f1 (ppm)

180

13C NMR Spectrum of Compound 7b in CDCl3

TEE'OTT

HOPIT—
896'22T
£08'E2T
225421
866'9CT
SET'ECT.
59'8eT—
SE6'82T

zsozer!

7b

140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

150

DEPT-135 NMR Spectrum of Compound 7b in CDCl;

67



D:\Raw Datal..\28-Oct\R Th_151009173546 10/30/2015 10:14:50 AM RTh

R 7b_151009173546 #59 RT: 0.64 AV: 1 NL: 7.21E6
T: FTMS + p ESI Full ms [150.00-2000.00]
437.1587
C2o Hzz O N2 Na =437.1624

-8.6323 ppm

Relative Abundance
]
[=]
11

T 1 1 1 1 T
436.6 436.8 4370

T
437.8 438.0

T LAl AR L | T TrTTT
436.2 4364 437.2 4374 4376

HRMS Spectrum of Compound 7b

_-3.793
3,748

11.5 11.0 105 10,0 95 90 85 8.0 75 7.0 65 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1

1H NMR Spectrum of Compound 7c in CDCl3

68



9E0" S5
091'55 5

7c

TS6°0TT 1
OT8'ZTTy
FILETT

FEOPTT
020'6TT+f

mom.mmLﬁ
S05'ET-E
PELISETF
TLL'92TH
¥ae'9zT
9m5'8zT
T£4'TET

SE0'ZET

arezer

|
mmo.mﬂ_."

9/9'66T
0£T'95T~,_
BLY'BST,
9TT'e5T

170 160 150 140 130 120 110 100 a0 80 70 a0 50 40 30 20 10
f1 (ppm)

180

13C NMR Spectrum of Compound 7c in CDCls

TE0'5S
Nmﬁ.mmv

956'0TT
o.—m.N:..M.
PILETT—

SPOPTTY

66221
2I6'EET|
805 ¥TI~
BEE'9ET~
65821
ZEPTET~
chozerf
zzeeEr

7c

g

¥

L
.

..L.W e

L

150 140 130 120 110 100 hi] an 70 60 50 40 30 20 10
f1 (ppm)

30

DEPT-135 NMR Spectrum of Compound 7c in CDCl;

69



SMK-I1#186 RT: 0.83 AV: 1 NL: 2.83E5
T: FTMS + p ESI Full ms [80.00-1200.00]

©
<
N~
N
~
<
<

49307

R=

7c

455.0712

R

43604

457.0688

R:

41000

456.0747

R:

458.0721

R:

28900

41000

448.2736

R

37300

451.3035

R

40900

100

95

90

85

80

75

70

65

60

55
50

441.2974

49000

R=

45

40

35

30

25

20

15

10

460

458

456

454

452

450

448

446

444

442

440

m/z

HRMS Spectrum of Compound 7c

089
18891
26891
16891
£06°91
¥16'9
6169
45601
B56'9
569
6269
5869
5669
10074
00t
8107
ZZ0¢4
st
00 |
950% 4
850 |
o1t
TETY
091%
%017
BBTYL
ELTEA
LT
28T
06T%
SBTE
987~
oz
ez
GTEY
szt ]
e
el
£9E7
1857 ]
et
0L
b0ct |
Tzt
ST
\LTAS
b6e7 ]
59011
TLLe
948
06e¢ ]
06e% ]
E6LEA
so8¢ |
388
15671
TL6%-

7d

11.0 105 100 9.5 9.0 85 8.0 75 70 6.5 6.0 ¢ 55 ) 50 45 4.0 35 30 25 20 15 1.0 0s 0.0 -0.5
1 (ppm

115

1H NMR Spectrum of Compound 7d in CDCl;

70



179.994

2

2

2
122
122
118
115
115
114
114
t113
L

7d

T T
200 190 180

T T T T T T
170 160 150 140 130 120 110 100 el 80 70 60 50 40 30 20

210
f1 (ppm)
13C NMR Spectrum of Compound 7d in CDCls
DA\Raw Datal. \29-OctiR Td_151009173546 10/30/2015 10:12:32 AM R7d

R7d_151009173546 #61 RT: 0.68 AV: 1~ NL: 3.91E6
T: FTMS +p ESI Full ms [150.00-2000.00]

Relative Abundance

100

w
(5]

==}
(A1)

w
[=]
[INTRRINNIRNNRRNNIN TN

iy
(5]

-
mooo
NN

(=]
|

10 0 -10

423.12M
CzrHi7 ON2F2=423.1303
-7.5861 ppm

T
4222

T T Ll R LR MR LA | AL A R Ml R R R A
4230 4232 4234 4236

miz

T T T T I U U I T
422.4 4226 4228

HRMS Spectrum of Compound 7d

T
4238

71



£98'9
48’9
983'91
068'9
656'9
TH6'9
856'9
096'9
£L6'9
BLE']
THO'L
b0 ]
250
50
2904
2902
£coe
B0

6601
POT'L
60T'L
0ET'L
Ay
POZL
o1z
Stz
g1z
9ze L
ZET L
£ET
16T
£52¢4
52
692°¢
et
sz
T62L
£6TL
S62'L]
SuEe
otE
1]
PEOL
=y
BT
289
969'L
669'L
£04L
LT

02L'L
PBLL]
S08°L
QgL
S68'L

Te

W

AL

2.0 15 10 0.3 0.0 -0

25

3.0

3.5

50 45 40

3.
f1 (ppm)

6.5

8.0 73 Z0

8.5

11.0 1055 10,0 95

IL5

1H NMR Spectrum of Compound 7e in CDCl3

Te

B86T'TTT,
EPE'ETT
BE5'8TT
089221
OTZ'E2T
STT'#2T
LEER AL
T0L Pl
T8L'9CT

0E6'£ZTH|

ZkL'8TT
ZZE'6TT
088'6ZT

SBE'TET~

£5b'TET

Péb'CET

B03'CET]
SkLEET
0Z8'EET
BSE'PET

]
W

SPE'LET
PSI6ET

96T'95T—

a0
1 (ppm)

70 60 50 40 30 20 10

80

160 150 140 130 120 110 100

170

180

13C NMR Spectrum of Compound 7e in CDCl;

72



MOoOMMUODMTOOYT MO
oMM OOYD - T O
A O i vy I O o A i
[ el e T m
HEAEERE e
nEnNANN =hisd
|
Te
1
30 150 140 130 120 110 100 hi) a0 70 60 50 40 30 20 10 C

f1 (ppm)

DEPT-135 NMR Spectrum of Compound 7e in CDCl3

SMK-J #176 RT: 0.78 AV: 1 NL: 1.21E8
T: FTMS + p ESIFull ms [80.00-1200.00]

R
© o
2.8

}

o
o
Lol el b b s bl o b s e b i

90

[
(=]

2 2 NN W
o o o u o
L

[&)]
I

(=]

451.1237
R=51707

455.0708
R=53306

C27H17 ON2 Cl2 =455.0712

-0.9764 ppm

456.0742
R=53102

457.0674
R=53003

458.0709
R=52902

459.0632
R=51102

461.0685 462.5784
R=49702 R=33800

) (- \
L L L L L AL L L L L L L L L L L L L L AL L L L L L L L L L L L L L L

450 451

452 453 454 455 456

457 458 459 460 461 462 463 464 465
m/z

HRMS Spectrum of Compound 7e

73



96'9
0¥6'9
956'9
0969
T1I0'L
bT0'L]
DEO'L
£E0'L:
BHO'L
250'C
850'L
£90°L:
990'L
TLO'L
bLO'L
BLO'L]
£80°L
£60°L
09Z'L.
882'¢ 1
262t
LOE'L
BOE'L
ZIEL
LZE'L
PEE'LA
BEE'L
0SE'L
sse'ed
29€'L]
89€'L
98E'L
88E'Z]
Thb'L
GEIE
697
969'L
P
STLL
ESL'L
95£°L]
TLEL
bLEL
LLLE
Z6LL
S6L'L
958'L.
LEB'L
BhE'L
TS6'L

998'L
B98'L

7f

1.0 05 0.0 -0.5

1.5

3.0 25 2.0

3.5

4.0

4.5

6.0 5.5 5.0
f1 (ppm)

6.5

7.0

75

8.0

8.5

95 9.0

10.0

105

11.0

11.5

1H NMR Spectrum of Compound 7f in CDCl3

7

86T'TTT
096°ETT
E65'8TT
T96'TZT
£59°22T
E9L'ZET
LEZ'EET
LETPET
ZL5'PTT
ZT9'PET
LG6L79TT

95E'6ZT+
STT'0ET
Z88'0ET—

TZ9'TET
BOLTET
06F'ZET
SSLZET
CLO'EET
FSLIEET

[

9FE'LET|
699'6ET

S0Z'95T—

170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20
f1 (ppm)

180

13C NMR Spectrum of Compound 7f in CDCls

74



mUWMmmMUu-toTad T @
Nodidoormy O o
Mo EomonA0N 6o
poddoawTy o Mo
Mmmme el o e o

— -

30 150 140 130 120 110 100 90 70 60 50 40 30 20 10 d

80
f1 (ppm)

DEPT-135 NMR Spectrum of Compound 7f in CDCl;

D:\Raw Datal..\28-Oct\R 7F_1510231450 10/29/2015 8:05:09 PM RTF

R7F_1510231450#39 RT: 0.39 AV: 1 NL: 680E5
T: FTMS + p ESI Full ms [150.00-2000.00]
542 9714
Ca7 Hir O N2 Brz =542.9702
2.2481 ppm

E 7f

Relative Abundance
(%,
[s=]
11

59 |

O: LIRS RS LA LR LA L) ALY LA LALLE RAARY RAL AR |J ISR A RS ALY R AR ) RAALY AL DAL LR LA LA R | T
5424 5426 542.8 543.0 5432 5434 5436
miz

HRMS Spectrum of Compound 7f

75



-
in
TS
o
~ L=
=
L
= TSLET—
o
=
"
—_—_— [~
J _.ls
S80'Z— s (8
n
et
mn
—
[& [
m Q
Q
n
Lo £
o9T'L (&)
$AT'L] 2 N
are - -
£81'L1 e <
66T'L Flg S
Z0z'L [~]
182t = Q
T62L [ 1w g
LOE'L £ Q
0T ng Q
LZEL = S
SPE'L o S
LYE'L "8
PSE'L m
85E'L L b 698'0TT
£9€'L @ ° EbT'BTTH
L Q 2ET'OTTY
BLELY T Q. BrZ'ETTHL
PTHL e “n STO'EET
aTbe e ju:| o
Teb'L-] s I
bt = m\ma_ M e
Sz = B 806'pZT
0Eb'L — 3ai| o 2 T69'STT
9EP'L Lot [ @ T 0L6'£2T~,
Ovb'L] ~ 055'82T-F
Lbb'L -2 TTL'82T)
0Sb'L br8'6ET ,_H
$Gb'L - S98°TET
£59'L = 968 1ET4
SS9°L bBS'EET]
£43°L | in zLrseT]
UL & 08L'6ET
£0L°L
90L°L LS ;
q
YLt s 892'SST
2Lt &
THL'L -2
She'L]
018'L =
TER'L [ A
BT6'L
56't] el
=

76

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13C NMR Spectrum of Compound 7g in CDCl;

180




HnEMSTHT S O oW
SyfwmAamMT®n D
gl bige owtel e vl O
So@mENTTTM T QO
R R T T
L el B S S 3 R 3 R il
e roal | L
==/ e

30 150 140 120 120 110 100 a0 80 70 60 50 40 30 20 10 C
f1 (ppm)

DEPT-135 NMR Spectrum of Compound 7g in CDCl;

D:\Raw Datal._\25-OctiR 7G_1510231450 10/25/2015 8:06:44 PM R7G

R7G_1510231450#79 RT: 0.80 AW: 1 NL: 1.08E7
T: FTMS + p ESI Full ms [150.00-2000.00]
325.1338
CxHi7 ONz2=3251335

100 0.6731 ppm

w
(5]

==}
(A1)

w
[=]
[INTRRINNIRNNRRNNIN TN

Relative Abundance
o
T

iy
(5]

-
=]
11

Ln
1

[i

(=]
|

T 1 T U I U 1
3246 3248 3250 3252 3254 3256 3258 326.0

HRMS Spectrum of Compound 7g

77



ouu 1]
820°T
6E0°T
90T
£80°T
SLOTH
T65'T
B65'T
19T
79T
TE9'T
TS9'T
999°T |
0£9'T+
SL9'T
6897

055'24
$95'2+
Em.m.w.
a5
065z’
SETE-
0ST'E
S5T°E
651°€]
PLT'E
860'L
TOT'L
LT
[ora 4
9ET £
BET'L
Z6T'L
S6T'L
2Tz
STTE
TE2 L
PETL
662'L
T0E'L
LTE' LY
6TE L
Z2E ¢ -
LEEL-
BEE'L
zveL
26544
S65'L
ZI9'L
ST9L ]
£99°L
9954
189
$89L]
489
T0L'L
S04
SbL L]
694
P66'L
£66'L]
T10'8
vioe!

7h

U

Fren

Fwe

Firz

Fsoz

ii.0 105 10,0 9.5 9.0 8.5 B.0 75 70 6.5 6.0 f [5.5 ]5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm

11.5

1H NMR Spectrum of Compound 7h in CDCl;

96L T~
BTEPT

oTL'EE
98L'ET
LP08E,
ase8z”

602 TTTA
THRETT|
OTZ'8ITA\
9LE'BTT
569221k
9p6'ECT|
650" bZT
191 ,vmiw
aipber
thteet’y
95z 7ET4
TL99ET-
e
590661

808'95T—

7h

170 160 150 140 130 120 110 100 a0 80 70 50 50 40 30 20 10
1 {ppm)

180

13C NMR Spectrum of Compound 7h in CDCl;

78



Ho O T~ — g
~Hhbsho ] —o o
L e = = @ rl W N G
S el L] Lo
@ 6 fd &Rl [ © @ el
aoodoy e ] A8 A
[QESCA ) VN

7h

| .

30 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 d
f1 (ppm)

DEPT-135 NMR Spectrum of Compound 7h in CDCl;

SMK-E #196 RT: 0.88 AV: 1 NL: 5.23E8
T:'FTMS + p ESI Full ms [80.00-1200.00]

319.1801
R=63507
C21 H23 ON2=319.1805

-1.0797 ppm
1005 PP

© ©
i

@
o

7h

N W W A A OO O O N N
o O o o oo O o o o o u o
vl b el b e el bbb b oo b b

341.1620
R=61607
C21H22 ON2 Na =341.1624
-1.3110 ppm

= N
o O

263.1176 315.1560
R=66807 R=57202
C17His O Ny = 263.1179 301.1407 335.1749
R=64107 R=61607
-0.9288 ppm | | 1

1
IAsaas nanas sasan saans T Aanas asan Maninaaa T Laaand anans nate nasas T IARas) s Manas Resas Aanas sasan

o o

357.1360 381.1806 403.1324 421.1428
| R=57207 R=52607 R=52107 R=50307

(=]

T T
260 280 300 320 340 360 380 400 420
m/z

HRMS Spectrum of Compound 7h



6Z6'9
256'9
THG'
T56'9
0s0°L
£90°L
990°L
890°L
TLO'L
L80°L
PE0'L
860°L
£0T'L
90T'L
PET'L
83T'L
£02°L
L0T'L
9T LA
88T L
T6T'LY
90E'L
oTe'L
PEE'L

EPELF

9PE'L
95E"L
652'L
89g'L ]
CLE'L
SBE'L
888,
SOP'L
9E9'L
£59°L
TS84,
SSL°L
CELL
QELL
06L'L]
£6L°L
£28'L]
Er8'L
BLE'L

666'L

7i

LT

85 E
Wmnﬁ

Wﬂhma
i
=0T
ot

07
Bt

1.0 03 0.0 -0.5

1.5

50 45 40 35 30 25 2.0

3.
f1 (ppm)

8.0 73 Z0 6.5

8.5

11.0 105 10,0 9.5

11.5

1H NMR Spectrum of Compound 7i in CDCls

7i

Z06'0TTY
LES'PTT
009'8TT
CLE'GTT
BLS'ECT
S9CFCT
STHTT
LT9PCT
852521
TET'9ZT
CER'9TT
0ST'L2TH
ETE'LZT
L96'LET
69C'6IT-
S09'0ET
£L6'0ET
099 TET
S9E'ZET
SbLPET

00£'8ET-
POS'OFT
ST9'9ST

-10

200 180 180 170 160 150 140 130 120 110 _ 100 90 B0 70 60 50 40 30 20 10
FL {ppm)

210

13C NMR Spectrum of Compound 7i in CDCl3

80



neOM~oooo A0 NOT [1s]
Pafs =P~~~ w000~ B O [=]
Aoomiay—Sh-baihng &
el e e i
gocanpRenstns o
ARAANRANAI{AT 3
R ey
7i
1
.
- i
I [
. .
30 150 140 130 120 110 100 a0 80 70 a0 50 40 30 20 10 C
f1 (ppm)
DEPT-135 NMR Spectrum of Compound 7i in CDCl;
SMK-H#140 RT: 0.62 AV: 1 NL: 7.91E8

T: FTMS + p ESI Full ms [80.00-1200.00]

399.0621
R=56807
C23 H15 ON2 S2 =399.0620
0.2575 ppm

]
© o
1.8

© ©
o O

7i

N N
o

@
o
vl oo b

a a o 9
o O O‘ a
i

IS
a

421.0437
R=55107

20

(&)

o u o
vl

[
a
o ool bbb

301.1410
R=62907

327.0080 C21Hs N2 S2 =348.9889

R=58600

C23 H14 ON2 Na S, =421.0440

348.9899 -0.5796 ppm

R=53400 415.0568
- 437.0178
393.1054 R=55007

2.9586 ppm R=49907 | L R=5{2407

458.1354 483.0144  498.9870

w
34
o

320

R=45407 R=50707 R=46700
T T T T T T T T T ! T

460 480

I
340 360 380 420 440 500

HRMS Spectrum of Compound 7i

81



12. UV-vis absorption and PL spectra of 7a-i (in aggregation and thin film state)
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Normalized absorption (blue) and PL (red) spectra of compound 7a in thin film.
(Excitation wavelength: 400 nm)
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Absorption spectra of 7a in THF/H,O mixtures with different water fraction (fw),
Concentration: 50 pM.
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PL spectra of 7a in THF/H,O mixtures with different water fraction (fw),
Concentration: 50 pM, excitation wavelength: 380 nm.
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Normalized absorption (blue) and PL (red) spectra of compound 7b in thin film.
(Excitation wavelength: 400 nm)
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Absorption spectra of 7b in THF/H,O mixtures with different water fraction (fw),
Concentration: 50 pM.

H,0 (V%)

60 90%

—80%

| —70%

%0 ——60%

-~ —50%

k= ——40%

40 4

2 ——30%

g ——20%

: 30 4 D — 100%
o 0%

T T T T T T T T
450 500 550 600 650 700
Wavelength (nm)

PL spectra of 7b in THF/H,O mixtures with different water fraction (fw),
Concentration: 50 pM, excitation wavelength: 400 nm.
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Normalized absorption (blue) and PL (red) spectra of compound 7¢ in thin film.
(Excitation wavelength: 400 nm)
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Concentration: 50 pM, excitation wavelength: 400 nm.
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Normalized absorption (blue) and PL (red) spectra of compound 7d in thin film.
(Excitation wavelength: 400 nm)
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Concentration: 50 pM, excitation wavelength: 400 nm.
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Normalized absorption (blue) and PL (red) spectra of compound 7e in thin film.
(Excitation wavelength: 400 nm)
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Absorption spectra of 7e in THF/H,O mixtures with different water fraction (fw),
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Normalized absorption (blue) and PL (red) spectra of compound 7f in thin film.
(Excitation wavelength: 400 nm)
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Normalized absorption (blue) and PL (red) spectra of compound 7g in thin film.
(Excitation wavelength: 400 nm)
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Concentration: 50 uM.
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Normalized absorption (blue) and PL (red) spectra of compound 7h in thin film.
(Excitation wavelength: 400 nm)
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Absorption spectra of 7h in THF/H,O mixtures with different water fraction (fw),
Concentration: 50 uM.

20+
H,0 (V%)

90%
—80%
—70%
——60%
—50%
——40%
—30%
——20%
—10%
0%

PL Intensity

T T T T T T T
450 500 550 600 650
Wavelength (nm)

PL spectra of 7h in THF/H,O mixtures with different water fraction (fw),
Concentration: 50 pM, excitation wavelength: 380 nm.



—— Absorption
—— Emission
> 0.8
‘B
°
C
= 0.6
°
[}
R
E
5 0.4 +
z
0.2
0.0 T T T T T T T T T 1
300 400 500 600 700 800

Wavelength (nm)

Normalized absorption (blue) and PL (red) spectra of compound 7i in thin film.
(Excitation wavelength: 400 nm)
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Absorption spectra of 7i in THF/H,O mixtures with different water fraction (fw),
Concentration: 50 uM.
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13. Cell viability assay

Cytotoxic properties of synthesized compounds were studied against A549, HepG2, HL60 and
U937 cells. A549 and HepG2 cells were maintained in complete tissue culture medium DMEM and,
HL60 and U937 cells were maintained in RPMI with 10% Fetal Bovine Serum and 2mM L-
Glutamine, along with antibiotics (about 100 International Unit/mL of penicillin, 100 pg/mL of
streptomycin) with the pH adjusted to 7.2. 50 uL medium containing 5000 cells/well and different
concentrations of synthesized compound 7i were seeded in 96 well plates. The cells were cultivated at
37°C with 5% CO; and 95% air in 100% relative humidity. 20uL. AQueous one solution reagent was
added per well of CellTiter 96® according to manufacture guidelines and incubated at 37°C for 14 h
in a humidified, 5% CO, atmosphere. The cytotoxicity against cells was determined by measuring the
absorbance of the converted dye at 490 nm in an ELISA reader. Cytotoxicity of each sample was

expressed as ICso value.
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Cell viability assay in A549, HepG2, HL60 and U937 cells using MTS reagent. Cells have been incubated with
Compound 7i (0-50 uM) for 48 h.
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14. Cell imaging

Compound 7i was examined for intracellular imaging in A549, HepG2, HL60 and U937 cells.
A549 and HepG2 cells were grown in DMEM and, HL60 and U937 cells were grown in RMPI media
with 10% fetal bovine serum, 1% penicillin/streptomycin at 37 °C with 5% CO, atmosphere for 24 h.
Then, all the cells were incubated at 37°C first with 5 uM of compound for 30 min. After thorough
washing with PBS, the cells were stained with 2 uM of staining dyes DAPI and PI at 37°C for another
20 min. The cells were again washed thrice with PBS. Finally, the green fluorescence images of
A549, HepG2, HL60 and U937 cells treated with 7i and DAPI stained blue fluorescence images were

captured using under confocal laser scanning microscope (ZEISS, LSM710).

In vitro imaging in U937, HepG2, A549 and HL60 cells. (A) Row 1 (al—a4): untreated U937 cells;
Row 2 (bl-b4): U937 cells treated with 5 pM 7i for 30 min; (B) Row 1 (al-a4): untreated
HepG2cells; Row 2 (bl-b4): A549 cells treated with 5 uM 7i for 30 min; (C) Row 1 (al—a4):
untreated A549 cells; Row 2 (b1-b4): HL60 cells treated with 5 pM 7i for 30 min; (D) Row 1 (al—
a4): untreated HL60 cells; Row 2 (b1-b4): HepG2 cells treated with 5 uM 7i for 30 min. For A, B, C
and D, Column 1 (al-bl): DAPI stained blue fluorescence images; Column 2 (a2-b2): green
fluorescence images; Column 3 (a3-b3): PI stained red fluorescence images; Column 4 (a4-b4):
merging of all fluorescence images. Scale bar = 10 um. Excitation and emission wavelength: 405 nm
and 488 nm for blue fluorescence images; 488 nm and 561 nm for green fluorescence images; 561 nm
and 633 nm for red fluorescence images.
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