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General information

Microwave irradiation was carried out with Initiator 2.5 Microwave Synthesizers from
Biotage, Uppsala, Sweden. Melting points were determined in open capillaries and were
uncorrected. IR spectra were taken on a FT-IR-Tensor 27 spectrometer in KBr pellets and
reported in cm-1. *H NMR (*C NMR) spectra were measured on a Bruker DPX 400 MHz
spectrometer in CDCI; with chemical shift (8) given in ppm relative to TMS as internal
standard [(s = singlet, d = doublet, t = triplet, brs = broad singlet, m = multiplet), coupling
constant (Hz)]. HRMS (ESI) was determined by using microTOF-Q II HRMS/MS instrument
(BRUKER). X-Ray crystallographic analysis was performed with a Siemens SMART CCD
and a Siemens P4 diffractometer.

Table 1. Optimization for the Synthesis of 4a under MW
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Entry  Promoter (equiv.)  Solvent T(°C) Time/ min  Yield / %°
1 p-TsOH (1.0) DMF 100 15 38

2 H,SO, (1.0) DMF 100 15 Trace
3 CF;COOH (1.0) DMF 100 15 Trace
4 FeCl;(1.0) DMF 100 15 Trace
5 ZnCl; (1.0) DMF 100 15 Trace
6 p-TsOH (1.0) toluene 100 15 Trace
7 p-TsOH (1.0) EtOH 100 15 24

8 p-TsOH (1.0) 1,4-dioxane 100 15 21

9 p-TsOH (1.0) CHLCN 100 15 20
10 p-TsOH (1.5) DMF 100 15 30
11 p-TSOH (0.3) DMF 100 15 22
12 p-TSOH (1.0) DMF 115 15 46
13 p-TSOH (1.0) DMF 120 15 45




Fig. 2, X-ray Structure of 5¢g



General procedure for the synthesis of 4

Example for the synthesis of 4a (3,8-Dimethyl-1,4-diphenyl-1,5,9,10-tetrahydro
pyrazolo[4',3".6,7]azepino[5,4,3-cd]indol-9-yl)(phenyl)methanone

Microwave Heating: 2,2-dihydroxy-1-phenylethanone (1a, 2.0 mmol, 0.30 g) was introduced in a
10-mL Initiator reaction vial, 3-methyl-1-phenyl-1H- pyrazol-5-amine (2a, 1.0 mmol, 0.17 g) ,
p-toluidine (3a, 1.0 mmol, 0.11 g) , p-TsOH (1.0 mmol, 0.19g) and 1.5ml DMF were then
successively added. Subsequently, the reaction vial was capped and then pre-stirred for 20 seconds.
The mixture was irradiated (Time: 15 min, Temperature: 115 °C; Absorption Level: High; Fixed
Hold Time) until TLC (petroleum ether: acetone 3:1) revealed that conversion of the starting
material 2a was complete. The reaction mixture was cooled to room temperature and was then
neutralized by 10% NaOH solution. Next, the system was diluted with cold water (20 mL). The
solid product was collected by Buichner filtration and was purified by flash column chromatography
(silica gel, mixtures of petroleum ether (b.p. 60-90 °C) / acetone,) to afford the desired pure
azepino[5,4,3-cd]indoles 4a as a pale yellow solid.

(3,8-Dimethyl-1,4-diphenyl-1,5,9,10-tetrahydropyrazolo[4’,3':6,7]azepino[5,4,3-cd]indol-9-yI)(
phenyl)methanone (4a)
Ph
Ph H [N

N-
\
o
N—Ph
N
H

Pale yellow solid, m.p. 288-290 °C;

IH NMR (400 MHz, DMSO-dg) (5, ppm): 11.31 (s, 1H, NH), 7.77 (d, J = 7.6 Hz, 2H, ArH), 7.57 (d,
J=7.6 Hz, 2H, ArH), 7.49 (t, J = 7.6 Hz, 2H, ArH), 7.41-7.31 (m, 2H, ArH), 7.27 (d, J = 8.0 Hz,
1H, ArH), 7.16-7.12 (m, 5H, ArH), 7.06 (d, J = 7.6 Hz, 2H, ArH), 6.94 (d, J = 8.0 Hz, 1H, ArH),
6.29 (d, J = 5.2 Hz, 1H, CH), 6.23-6.17 (m, 1H, CH), 2.17 (s, 3H, CH3), 1.36 (s, 2H, CHy).

13C NMR (100 MHz, DMSO-ds) (5, ppm): 196.8, 143.2, 141.1, 137.8, 135.3, 134.8, 134.7, 132.5,
132.2, 130.3, 128.5, 128.2, 127.9, 127.9, 127.5, 126.0, 125.6, 124.1, 124.0, 123.0, 120.1, 110.0,
109.1, 104.3, 59.1, 18.7, 14.3.



IR (KBr, v, cm™): 3383, 1677, 1596, 1504, 1447, 1213, 1101, 965, 812, 754.
HRMS (ESI): m/z calcd for: C33H25N40, 493.2029 [M-H]', found: 493.2028.

(4-Fluorophenyl)(4-(4-fluorophenyl)-3,8-dimethyl-1-phenyl-1,5,9,10-tetrahydropyrazolo[4’,3':
6,7]azepino[5,4,3-cd]indol-9-yl)methanone (4b)

White solid, m.p. 287-288 °C;

'H NMR (400 MHz, DMSO-ds) (5, ppm): 11.29 (s, 1H, NH), 7.92-7.73 (m, 2H, ArH), 7.69-7.55 (m,
2H, ArH), 7.29-7.26 (m, 3H, ArH), 7.18-7.17 (m, 3H, ArH), 7.06 (d, J = 7.6 Hz, 2H, ArH), 6.94 (d,
J=8.0 Hz, 1H, ArH), 6.80 (t, J = 8.4 Hz, 2H, ArH), 6.23 (s, 2H, ArH and CH), 2.19 (s, 3H, CHs),
1.42 (s, 3H, CHa).

3C NMR (100 MHz, DMSO-dg) (8, ppm): 195.5, 164.6 ({Jce = 250.2 Hz), 161.5 (' Jer = 244.0 Hz),
143.2, 141.2, 137.9, 135.4, 131.1 (*Jcr = 2.8 Hz), 131.1 (*Jcr = 3.4 Hz), 131.0 (Jcr = 9.3 H2),
130.5 (*Jce= 7.6 Hz), 129.1, 128.1, 125.9, 125.5, 124.4, 124.1, 123.0, 115.5 (“Jcr = 21.2 Hz), 114.7
(*Jcr=21.8 Hz), 110.1, 109.3, 104.3, 59.6, 18.7, 14.4.

IR (KBr, v, cm™): 3378, 1669, 1598, 1507, 1348, 1256, 1154, 840, 754, 689, 646.

HRMS (ESI): m/z calcd for: C33H23F2N4O, 529.1840 [M-H]’, found: 529.1860.

(4-Chlorophenyl)(4-(4-chlorophenyl)-3,8-dimethyl-1-phenyl-1,5,9,10-tetrahydropyrazolo[4’,3":
6,7]azepino[5,4,3-cd]indol-9-yl)methanone (4c)




Pale yellow solid, m.p. >300 °C;

'H NMR (400 MHz, DMSO-dg) (8, ppm): 11.37 (s, 1H, NH), 8.29 (d, J = 8.4 Hz, 1H), 7.84-7.76 (m,
1H, ArH), 7.70 (d, J = 8.4 Hz, 2H, ArH), 7.59-7.47 (m, 5H, ArH), 7.40 (d, J = 8.4 Hz, 1H, ArH),
7.27 (d, J = 8.0 Hz, 1H, ArH), 7.19 (d, J = 5.2 Hz, 2H, ArH), 7.11-7.03 (m, 3H, ArH), 6.97 (d, J =
8.0 Hz, 1H, ArH), 6.64 (d, J = 8.0 Hz, 1H, ArH), 6.19 (d, J = 8.0 Hz, 1H, CH), 2.18 (s, 3H, CH3),
1.42 (s, 3H, CHa).

IR (KBr, v, Cm'l): 3393, 3079, 1650, 1598, 1574, 1507, 1263, 1168, 1028, 755, 690.

HRMS (ESI): m/z calcd for: C33H23CI,N4O, 561.1249 [M-H]', found: 561.1230.

(3-Cyclopropyl-8-methyl-1,4-diphenyl-1,5,9,10-tetrahydropyrazolo[4',3":6,7]azepino[5,4,3-cd]i
ndol-9-yl)(phenyl)methanone (4d)

A\
N
Yellow solid, m.p. 291-292 °C;
'H NMR (400 MHz, DMSO-dg) (5, ppm): 11.28 (s, 1H, NH), 7.76 (d, J = 8.0 Hz, 2H, ArH), 7.60 (d,
J=7.6 Hz, 2H, ArH), 7.46 (t, J = 7.6 Hz, 2H, ArH), 7.34 (t, J = 6.4 Hz, 2H, ArH), 7.28 (d, J = 8.4
Hz, 1H, ArH), 7.18-7.08 (m, 5H, ArH), 7.03 (d, J = 7.6 Hz, 2H, ArH), 6.94 (d, J = 8.4 Hz, 1H, ArH),
6.27 (d, J = 5.2 Hz, 1H, NH), 6.22 (d, J = 5.2 Hz, 1H, CH), 2.18 (s, 3H, CHs), 0.96-0.84 (m, 1H,
CH), 0.66-0.61 (m, 1H, CH,), 0.41 (t, J = 6.4 Hz, 2H, CH,), -0.12 (t, J = 7.2 Hz, 1H, CH,).
13C NMR (100 MHz, DMSO-dg) (5, ppm): 197.0, 148.3, 140.8, 137.9, 135.4, 134.8, 134.6, 132.5,
132.2, 130.4, 1285, 128.3, 128.1, 127.9, 127.1, 126.1, 125.6, 124.1, 124.0, 122.9, 110.0, 109.2,
104.0, 59.2, 18.7, 10.1, 10.0, 8.4.

IR (KBr, v, cm™): 3393, 3151, 3073, 3007, 1597, 1519, 1504, 1102, 763, 689.
HRMS (ESI): m/z calcd for: C3sH27;N4O, 519.2185 [M-H]', found: 519.2199.

(3-Cyclopropyl-4-(4-fluorophenyl)-8-methyl-1-phenyl-1,5,9,10-tetrahydropyrazolo[4',3":6,7]az
epino[5,4,3-cd]indol-9-yl)(4-fluorophenyl)methanone (4e)



Pale yellow solid, m.p. 296-298 °C;

'H NMR (400 MHz, DMSO-dg) (5, ppm): 11.33 (s, 1H, NH), 7.81-7.77 (m, 2H, ArH), 7.62-7.59 (m,
2H, ArH), 7.36-7.25 (m, 3H, ArH), 7.17 (d, J = 6.4 Hz, 3H, ArH), 7.04 (d, J = 7.6 Hz, 2H, ArH),
6.95 (d, J = 8.0 Hz, 1H, ArH), 6.85 (t, J = 8.4 Hz, 2H, ArH), 6.29-6.17 (m, 2H, ArH and CH), 2.18
(s, 3H, CHj), 0.98-0.86 (m, 1H, CH), 0.70-0.65 (m, 1H, CHj), 0.47-0.42 (m, 2H, CH,), -0.04--0.1
(m, 1H, CH,).

3C NMR (100 MHz, DMSO-dg) (8, ppm): 196.3, 165.0 (*Jcr = 249.6 Hz), 161.9 (' Jcr = 242.8 Hz),
148.7, 141.4, 1385, 135.9, 131.8 (*{Jcr = 2.5 Hz), 131.5 (*Jcr = 3.1 Hz), 131.4 (CJce = 9.5 H2),
130.8 (*Jcr= 9.1 Hz), 128.7, 126.6, 126.0, 124.9, 124.6, 123.4, 116.0 ({Jcr = 21.3 Hz), 115.3 (* Jcr
=21.7 Hz), 110.6, 110.0, 104.5, 60.2, 19.1, 10.7, 10.5, 8.8.

IR (KBr, v, cm™): 3391, 3126, 3078, 1597, 1573, 1506 ,1407, 1230, 837, 752.

HRMS (ESI): m/z calcd for: C3sH2sF2N4O, 555.1997 [M-H]', found: 555.2008.
(4-Chlorophenyl)(4-(4-chlorophenyl)-3-cyclopropyl-8-methyl-1-phenyl-1,5,9,10-tetrahydropyr
azolo[4',3":6,7]azepino[5,4,3-cd]indol-9-yl)methanone (4f)

Green solid, m.p. 297-299 °C;

'H NMR (400 MHz, DMSO-dg) (5, ppm): 11.35 (s, 1H, NH), 7.69 (d, J = 8.0 Hz, 2H, ArH), 7.58 (d,
J=8.0 Hz, 2H, ArH), 7.53 (d, J = 8.4 Hz, 2H, ArH), 7.28 (d, J = 8.0 Hz, 1H, ArH), 7.18-7.17 (m,
3H, ArH), 7.08 (d, J = 8.0 Hz, 2H, ArH), 7.04-7.00 (m, 2H, ArH), 6.97 (d, J = 8.4 Hz, 1H, ArH),
6.24 (s, 2H, CH and NH), 2.18 (s, 3H, CH3), 0.99-0.79 (m, 1H, CH), 0.69 (d, J = 4.8 Hz, 1H, CH,),



0.49-0.43 (m, 2H, CH,), -0.07 (d, J = 6.4 Hz, 1H, CH),).
IR (KBr, v, cm™): 3439, 3110, 3076, 3013, 1596, 1579, 1520, 1246, 1092, 961, 831.
HRMS (ESI): m/z calcd for: C3sH25CI,N4O, 587.1406 [M-H]', found: 587.12109.

General procedure for the synthesis of 5

Example for the synthesis of 5i (4-Bromophenyl)(6-(4-bromophenyl)-1,3-dimethyl-5-
(p-tolylamino)-1H-pyrazolo[3,4-b]pyridin-4-yl)methanone

Microwave Heating: 1-(4-bromophenyl)-2,2-dihydroxyethanone (1d, 2.0 mmol, 0.46 g) was
introduced in a 10-mL Initiator™ reaction vial, 1,3-dimethyl-1H-pyrazol-5-amine (2c, 1.0 mmol,
0.11 g) , p-toluidine (3a, 1.0 mmol, 0.11 g) , p-TsOH (1.0 mmol, 0.19g) and 1.5mlI DMF were then
successively added. Subsequently, the reaction vial was capped and then pre-stirred for 20 seconds.
The mixture was irradiated (Time: 20 min, Temperature: 115 °C; Absorption Level: High; Fixed
Hold Time) until TLC (petroleum ether : ethyl acetate 3:1) revealed that conversion of the starting
material 1a and 3a were complete. The system was diluted with cold water (20 mL). The solid
product was collected by Bichner filtration and was purified by flash column chromatography
(silica gel, mixtures of petroleum ether (b.p. 60-90 °C) / ethyl acetate) to afford the desired pure
pyrazolo[3,4-b]pyridines 5i.

(4-Methoxyphenyl)(6-(4-methoxyphenyl)-3-methyl-1-phenyl-5-(p-tolylamino)-1H-pyrazolo[3,4

-b]pyridin-4-yl)methanone (5a)
MeO

OMe
Yellow solid, m.p. 272-273 °C;

'H NMR (400 MHz, CDCls3) (8, ppm): 8.36 (d, J = 8.0 Hz, 2H, ArH), 7.80 (d, J = 8.4 Hz, 2H, ArH),
7.68 (d, J = 8.4 Hz, 2H, ArH), 7.51 (t, J = 7.6 Hz, 2H, ArH), 7.28 (d, J = 7.2 Hz, 2H, ArH), 6.88 (d,
J = 8.4 Hz, 2H, ArH), 6.84-6.79 (m, 4H, ArH), 6.37 (d, J = 8.0 Hz, 2H, ArH), 3.84 (s, 3H, OCHs),
3.81 (s, 3H, OCHs), 2.25 (s, 3H, CHg), 2.16 (s, 3H, CH3).

3C NMR (100 MHz, CDCls) (8, ppm): 192.9, 164.3, 160.3, 156.2, 148.7, 143.4, 141.7, 139.6,
139.2, 131.9, 130.8, 130.7, 129.6, 129.4, 129.4, 129.0, 128.9, 127.0, 125.4, 120.5, 115.5, 113.9,

8



113.7,55.5, 55.3, 20.5, 13.9.
IR (KBr, v, cm™): 3389, 1611, 1587, 1537, 1506, 1453, 1258, 1182, 1019, 880, 749.
HRMS (ESI): m/z calcd for: C3sH29N4O3, 553.2340 [M-H]', found: 553.2308.

(5-((4-chlorophenyl)amino)-3-methyl-1,6-diphenyl-1H-pyrazolo[3,4-b]pyridin-4-yl)(phenyl)me
thanone (5b)

Cl

Yellow solid, m.p. 289-291 °C;

'H NMR (400 MHz, CDCl3) (3, ppm): 8.36 (d, J = 8.0 Hz, 2H, ArH), 7.73-7.69 (m, 4H, ArH), 7.58
(t, J=7.6 Hz, 1H, ArH), 7.51 (t, J = 7.6 Hz, 2H, ArH), 7.42-7.35 (m, 4H, ArH), 7.30 (d, J = 7.2 Hz,
2H, ArH), 6.94 (d, J = 8.4 Hz, 2H, ArH), 6.34 (d, J = 8.7 Hz, 2H, ArH), 5.29 (s, 1H, NH), 2.27 (s,
3H, CHa).

B3C NMR (100 MHz, CDCls) (8,ppm): 194.4, 157.0, 148.9, 144.4, 141.7, 139.8, 139.4, 138.02,
136.4, 134.3, 129.3, 129.1 (129.1, 129.1), 128.8, 128.4, 128.3, 126.1, 125.7, 124.4, 120.7, 116.1,
13.9.

IR (KBr, v, cm™): 3386, 1658, 1597, 1505, 1436, 1362, 1225, 1154, 840, 754.

HRMS (ESI): m/z calcd for: C3,H2,CIN4O, 513.1482 [M-H]’, found: 513.1519.

(5-((4-Chlorophenyl)amino)-6-(4-methoxyphenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyrid
in-4-yl)(4-methoxyphenyl)methanone (5c)

Yellow solid, m.p. 269-270°C;

'H NMR (400 MHz, CDCls) (3, ppm): 8.36 (d, J = 8.0 Hz, 2H, ArH), 7.77 (d, J = 8.4 Hz, 2H, ArH),
9



7.69 (d, J = 8.4 Hz, 2H, ArH), 7.51 (t, J = 7.6 Hz, 2H, ArH), 7.29 (d, J = 7.2 Hz, 1H, ArH), 6.93 (d,
J =8.4 Hz, 2H, ArH), 6.89-6.83 (m, 4H, ArH), 6.35 (d, J = 8.8 Hz, 2H, ArH), 5.35(s, 1H, NH) 3.84
(s, 3H, OCHs), 3.81 (s, 3H, OCHs3), 2.24 (s, 3H, CHs).

B3C NMR (100 MHz, CDCl3) (5, ppm): 192.8, 164.6, 160.4, 156.6, 144.4, 141.8, 140.3, 139.4,
131.9, 130.6, 130.6, 129.4, 129.1, 128.8, 125.7, 125.6, 124.1, 120.6, 115.9, 114.1, 113.8, 55.6, 55.3,
13.8.

IR (KBr, v, Cm'l): 3373, 1650, 1598, 1573, 1507, 1421, 1168, 1028, 756, 690.

HRMS (ESI): m/z calcd for: C34H26CIN4O3, 573.1694 [M-H], found: 573.1714.

(5-((4-Chlorophenyl)amino)-1,3-dimethyl-6-phenyl-1H-pyrazolo[3,4-b]pyridin-4-yl)(phenyl)m
ethanone (5d)

Cl

Yellow solid, m.p. 274-275 °C;

'H NMR (400 MHz, CDCl3) (5, ppm): 7.68-7.66 (m, 4H, ArH), 7.56 (t, J = 7.2 Hz, 1H, ArH),
7.40-7.38 (m, 5H, ArH), 6.92 (d, J = 8.0 Hz, 2H, ArH), 6.30 (d, J = 8.4 Hz, 2H, ArH), 5.22 (s, 1H,
CH), 4.17 (s, 3H, CH3), 2.19 (s, 3H, CHs).

’C NMR (100 MHz, CDCl3) (3, ppm): 194.7, 157.3, 149.4, 144.7, 139.9, 139.7, 138.0, 136.4, 134.2,
129.3,129.1, 128.9, 128.8, 128.4, 125.2, 124.1, 115.9, 111.4, 33.8, 13.7.

IR (KB, v, Cm'l): 3378, 1604, 1593, 1543, 1325, 1172, 1011, 844, 771, 687, 563.

HRMS (ESI): m/z calcd for: Co;H20CIN4O, 451.1326 [M-H]’, found: 451.1335.
(1,3-Dimethyl-6-phenyl-5-(p-tolylamino)-1H-pyrazolo[3,4-b]pyridin-4-yl)(phenyl)methanone
(5e)
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Yellow solid, m.p. 248-249 °C;

'H NMR (400 MHz, CDCl3) (5, ppm): 7.72-7.68 (m, 2H, , ArH), 7.64 (d, J = 7.6 Hz, 2H, ArH),
7.54 (t, J = 7.2 Hz, 1H, ArH), 7.37-7.33 (m, 5H, ArH),7.26(s, 1H, ArH), 6.79 (d, J = 8.0 Hz, 2H,
ArH), 6.30 (d, J = 8.0 Hz, 2H, ArH), 4.17 (s, 3H, CHa), 2.19 (s, 3H, CH3), 2.15 (s, 3H, CHs).

3C NMR (100 MHz, CDCls) (8, ppm): 194.9, 156.9, 149.3, 143.7, 139.6, 138.7, 138.2, 136.6,
133.9, 129.4, 129.3, 129.1, 129.0, 128.9, 128.6, 128.4, 126.5, 115.5, 111.6, 33.8, 20.5, 13.8.

IR (KBr, v, cm™): 3381, 1655, 1575, 1519, 1364, 1263, 1209, 960, 871, 701, 670.

HRMS (ESI): m/z calcd for: CogH23N40, 431.1872 [M-H], found: 431.1874.

(4-Bromophenyl)(6-(4-bromophenyl)-5-((4-chlorophenyl)amino)-1,3-dimethyl-1H-pyrazolo[3,
4-b]pyridin-4-yl)methanone (5f)

Cl

Yellow solid, m.p. 299-300 °C;

'H NMR (400 MHz, CDCls) (5, ppm): 7.57 (d, J = 8.0 Hz, 2H, , ArH), 7.54-7.45 (m, 5H, ArH),
7.26 (s, 1H, ArH), 6.95 (d, J = 8.4 Hz, 2H, ArH), 6.29 (d, J = 8.4 Hz, 2H, ArH), 5.20 (s, 1H, NH),
4.15 (s, 3H, CH3), 2.18 (s, 3H, CHs).

13C NMR (100 MHz, CDCl5) (3,ppm ) 190.3, 155.3, 148.2, 144.8, 141.2, 140.5, 133.2, 132.7,
132.2(132.2), 131.9, 131.7, 131.6(131.6), 130.8, 130.6, 124.0, 122.0, 116.2, 33.9, 15.6.

IR (KB, v, cm'l): 3386, 1669, 1581, 1543, 1268, 1201, 1087, 987, 815, 798, 698.

HRMS (ESI): m/z calcd for: C;H18Br,CIN4O, 608.9516 [M-H], found: 608.9546.
(4-Bromophenyl)(6-(4-bromophenyl)-1,3-dimethyl-5-(p-tolylamino)-1H-pyrazolo[3,4-b]pyridi
n-4-yl)methanone (59g)
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Yellow solid, m.p. >300°C;

'H NMR (400 MHz, CDCl5) (8, ppm): 7.61 (d, J = 8.0 Hz, 2H, ArH), 7.49 (s, 5H, ArH), 7.47 (s, 1H,
ArH), 6.79 (d, J = 8.0 Hz, 2H, ArH), 6.27 (d, J = 8.0 Hz, 2H, ArH), 5.14(s, 1H, NH), 4.15 (s, 3H,
CHa), 2.18 (s, 3H, CH3), 2.16 (s, 3H, CH).

3C NMR (100 MHz, CDCls) (5, ppm): 193.8, 159.5, 155.1, 149.2, 144.6, 143.2, 141.0, 139.4,
137.1, 132.0, 131.5, 130.7, 130.7, 129.6, 129.4, 126.3, 123.6, 117.8, 115.4, 33.8, 20.5, 13.8.

IR (KBr, v, Cm'l): 3374, 1666, 1583, 1513, 1347, 1258, 1205, 1070, 1009, 812, 798.

HRMS (ESI): m/z calcd for: CogH21Br.N4O, 589.0062 [M-H]', found: 589.0044.

(4-Methoxyphenyl)(6-(4-methoxyphenyl)-1,3-dimethyl-5-(p-tolylamino)-1H-pyrazolo[3,4-b]py
ridin-4-yl)methanone (5h)
MeO

OMe
Yellow solid, m.p. 234-235°C;

'H NMR (400 MHz, CDCls) (5, ppm): 7.73 (d, J = 8.0 Hz, 2H, NH), 7.65 (d, J = 8.0 Hz, 2H, ArH),
6.87 (d, J = 7.6 Hz, 2H, ArH), 6.82-6.77 (m, 4H, ArH), 6.32 (d, J = 8.0 Hz, 2H, ArH),5.16(s, 1H,
CH) 4.14 (s, 3H, CH3), 3.83 (s, 3H), 3.80 (s, 3H, OCHg), 2.16 (s, 3H, OCHs), 2.14 (s, 3H, CHy).

B3C NMR (100 MHz, CDCls) (5, ppm): 193.2, 164.2, 160.2, 156.6, 149.2, 143.8, 139.6, 139.3,
131.9, 130.9, 130.6, 129.7, 129.3, 128.6, 126.2, 115.3, 113.9, 113.8, 111.3, 55.5, 55.3, 33.8, 20.5,
13.7.

IR (KBr, v, cm™): 3373, 1657, 1602, 1515, 1264, 1166, 1029, 963, 814, 777, 615.

HRMS (ESI): m/z calcd for: C3H27;N403, 491.2083 [M-H]", found: 491.2076.

(5-((4-Chlorophenyl)amino)-1,3-dimethyl-6-(m-tolyl)-1H-pyrazolo[3,4-b]pyridin-4-yl)(p-tolyl)

methanone (5i)
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Cl

Yellow solid, m.p. 241-243°C;

'H NMR (400 MHz, CDCls) (8, ppm): 7.60 (d, J = 7.6 Hz, 2H, ArH), 7.55 (d, J = 8.0 Hz, 2H, ArH),
7.15 (t, J = 7.2 Hz, 4H, ArH), 6.79 (d, J = 8.0 Hz, 2H, ArH), 6.31 (d, J = 8.0 Hz, 2H, ArH), 5.12 (s,
1H, CH), 4.14 (s, 3H, CHa), 2.37 (s, 3H, CH3), 2.34 (s, 3H, CH3), 2.15 (s, 3H, CHs).

3C NMR (100 MHz, CDCls) (8, ppm): 194.9, 156.9, 149.2, 143.7, 139.6, 138.7, 138.2, 136.6,
133.9, 129.4, 129.3, 129.1, 129.0, 128.9, 128.6, 128.4, 126.5, 115.5, 111.6, 33.8, 20.5, 13.8.

IR (KBr, v, cm™): 3389, 1661, 1576, 1498, 1254, 1386, 1109, 987, 762, 683.

HRMS (ESI): m/z calcd for: CoH24CIN4O, 479.1639 [M-H]', found: 479.1641.

(1,3-Dimethyl-6-(m-tolyl)-5-(p-tolylamino)-1H-pyrazolo[3,4-b]pyridin-4-yl)(p-tolyl)methanone
(5))

Yellow solid, m.p. 248-249°C;

'H NMR (400 MHz, CDCl3) (5, ppm): 7.61 (d, J = 7.6 Hz, 2H, NH), 7.54 (d, J = 7.6 Hz, 2H, ArH),
7.15 (t, J = 8.0 Hz, 4H, ArH), 6.79 (d, J = 8.0 Hz, 2H, ArH), 6.32 (d, J = 8.0 Hz, 2H, ArH), 4.16 (s,
3H, CHs), 2.37 (s, 3H, CHy), 2.34 (s, 3H, CH3), 2.18 (s, 3H, CH3), 2.15 (s, 3H, CH).

3C NMR (100 MHz, CDCl3) (3, ppm): 194.4, 157.1, 149.3, 145.0, 143.9, 139.6, 139.2, 138.9,
1354, 134.1, 129.5, 129.4, 129.3, 129.1, 129.0, 128.7, 126.3, 115.4, 111.4, 33.8, 21.8, 21.3, 20.5,
13.8.

IR (KBr, v, cm™): 3371, 1664, 1589, 1514, 1348, 1229, 1001, 876, 698, 651.

HRMS (ESI): m/z calcd for: C3H27;N4O, 459.2185 [M-H]', found: 459.2177.
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(5-((4-Chlorophenyl)amino)-3-cyclopropyl-1-methyl-6-phenyl-1H-pyrazolo[3,4-b]pyridin-4-yl)
(phenyl)methanone (5k)

Cl

Yellow solid, m.p. 274-275°C;

'H NMR (400 MHz, CDCls) (5, ppm): 7.71 (d, J = 8.0 Hz, 2H, ArH), 7.68-7.64 (m, 2H, ArH), 7.55
(t, J=7.2 Hz, 1H, ArH), 7.41-7.31 (m, 5H, ArH), 6.91 (d, J = 8.4 Hz, 2H, ArH), 6.31 (d, J = 8.4 Hz,
2H, ArH), 4.13 (s, 3H, CHs), 1.58-1.55 (m, 1H, CH), 0.78 (s, 2H, CH,), 0.60 (d, J = 5.6 Hz, 2H,
CH,).

C NMR (101 MHz, CDCls) (5, ppm): 194.9, 157.3, 149.4, 144.8, 140.2, 138.2, 136.5, 134.1,
129.4,129.0, 128.9, 128.7, 128.6, 128.3, 125.2, 124.0, 115.9, 112.0, 33.8, 21.1, 8.6, 7.1.

IR (KB, v, Cm'l): 3383, 1663, 1596, 1576, 1497, 1321, 1208, 1089, 817, 726, 699.

HRMS (ESI): m/z calcd for: Co9H2,CIN4O, 477.1482 [M-H]', found:477.1488.

(3-Cyclopropyl-1-methyl-6-phenyl-5-(p-tolylamino)-1H-pyrazolo[3,4-b]pyridin-4-yl)(phenyl)m
ethanone (5I)

Yellow solid, m.p. 260-261°C;

IH NMR (400 MHz, CDCls) (5, ppm): 7.69 (d, J = 6.8 Hz, 4H, ArH), 7.53 (t, J = 7.6 Hz, 1H, ArH),
7.37-7.33 (m, 5H, ArH), 6.77 (d, J = 8.0 Hz, 2H, ArH), 6.32 (d, J = 8.4 Hz, 2H, ArH), 4.12 (s, 3H,
CH,), 2.14 (s, 1H), 1.67-1.51 (m, 1H, CH), 0.76 (s, 2H, CH5), 0.60 (s, 2H, CH,).

3C NMR (100 MHz, CDCls) (5, ppm): 195.1, 157.1, 143.7, 139.1, 138.3, 136.7, 133.8, 129.4,
129.31, 129.1, 128.9, 128.8, 128.5, 128.3, 126.5, 115.5, 113.2, 46.7, 33.8, 20.5, 8.7, 7.1.

IR (KB, v, cm™): 3386, 1659, 1613, 1597, 1589, 1517, 1322, 1209, 812, 669, 568.
14



HRMS (ESI): m/z calcd for: C3H2sN4O, 457.2029 [M-H]', found: 457.2029.

(4-Bromophenyl)(6-(4-bromophenyl)-5-((4-bromophenyl)amino)-3-cyclopropyl-1-methyl-1H-p
yrazolo[3,4-b]pyridin-4-yl)methanone (5m)

Br

Yellow solid, m.p. 257-258 °C;

'H NMR (400 MHz, DMSO-dg) (5, ppm): 7.85 (s, 1H, NH), 7.71 (s, 1H, ArH), 7.69-7.66 (m, 5H,
ArH), 7.54 (d, J = 8.0 Hz, 2H, ArH), 6.95 (d, J = 8.4 Hz, 2H, ArH), 6.19 (d, J = 8.4 Hz, 2H, ArH),
4.03(s, 3H, CH3), 1.70-1.27 (m, 1H, CH), 0.67 (s, 2H, CH,), 0.59 (s, 2H, CH,).

3C NMR (100 MHz, DMSO-dg) (5, ppm): 193.9, 157.1, 149.4, 146.7, 143.9, 142.1, 137.9, 135.2,
132.5,131.5, 131.3, 129.0, 125.1, 122.8, 115.5, 111.7, 108.5, 34.1, 8.6, 7.5.

IR (KBr, v, cm™): 3375, 1665, 1583, 1493, 1361, 1206, 1071, 1010, 812, 762, 716.

HRMS (ESI): m/z calcd for: Co9H2BrsN4O, 678.9167 [M-H]’, found: 678.9163.

(4-Bromophenyl)(6-(4-bromophenyl)-3-cyclopropyl-1-methyl-5-(p-tolylamino)-1H-pyrazolo[3,
4-b]pyridin-4-yl)methanone (5n)

Yellow solid, m.p. >300 °C;

'H NMR (400 MHz, CDCl3) (5, ppm): 7.62 (d, J = 8.0 Hz, 2H), 7.54 (d, J = 8.0 Hz, 2H), 7.47 (t, J =
7.6 Hz, 4H), 6.78 (d, J = 8.0 Hz, 2H), 6.29 (d, J = 8.0 Hz, 2H), 4.12 (s, 3H, CHs), 2.15 (s, 3H, CHy),
1.64-1.30 (m, 1H, CH), 0.77 (s, 2H, CH,), 0.62 (s, 2H, CH,).
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3C NMR (100 MHz, CDCls) (8, ppm): 194.0, 155.8, 149.1, 144.5, 143.3, 138.7, 137.2, 135.3,
131.9, 131.4, 130.7, 130.7, 129.5, 129.2, 129.2, 126.3, 123.4, 115.3, 112.0, 33.8, 20.4, 8.7, 7.1.

IR (KBr, v, Cm'l): 3312, 1705, 1553, 1478, 1411, 1195, 1041, 812, 745, 723.

HRMS (ESI): m/z calcd for: C3yH23Br.N4O, 615.0215 [M-H]’, found: 615.0241.

(5-((4-Chlorophenyl)amino)-3-cyclopropyl-6-(4-methoxyphenyl)-1-methyl-1H-pyrazolo[3,4-b]
pyridin-4-yl)(4-methoxyphenyl)methanone (50)

Yellow solid, m.p. 252-254 °C;

'H NMR (400 MHz, CDCls) (8, ppm): 7.69 (d, J = 8.4 Hz, 4H, ArH), 7.10-6.75 (m, 6H, ArH), 6.32
(d, J = 8.4 Hz, 2H, ArH), 5.33 (s, 1H, NH), 4.10 (s, 3H, CH3), 3.84 (s, 3H, OCHs), 3.80 (s, 3H,
OCHs), 1.75-1.31 (m, 5H, CH and CH,).

B3C NMR (100 MHz, CDCls) (5, ppm): 193.4, 164.3, 160.2, 156.8, 149.4, 144.8, 140.5, 131.9,
130.7, 130.5, 129.5, 128.7, 124.8, 123.7, 115.7, 113.9, 113.7, 111.6, 109.5, 55.6, 55.3, 33.8, 8.6.

IR (KB, v, Cm'l): 3357, 1652, 1601, 1574, 1505, 1253, 1167, 1034, 837, 820, 772.

HRMS (ESI): m/z calcd for: C331H26CIN4O3, 537.1694 [M-H]', found: 537.1728.
(3-Cyclopropyl-6-(4-methoxyphenyl)-1-methyl-5-(p-tolylamino)-1H-pyrazolo[3,4-b]pyridin-4-
yl)(4-methoxyphenyl)methanone (5p)

OMe

Yellow solid, m.p. 235-237 °C;
'H NMR (400 MHz, CDCls) (8, ppm): 7.73 (d, J = 8.4 Hz, 2H, ArH), 7.68 (d, J = 8.4 Hz, 2H, ArH),
6.86 (d, J = 8.4 Hz, 2H, ArH), 6.81 (d, J = 8.4 Hz, 2H, ArH), 6.77 (d, J = 8.0 Hz, 2H, ArH), 6.33 (d,

J=8.0 Hz, 2H, ArH and CH), 4.12 (s, 3H, CH3), 3.83 (s, 3H, OCH3), 3.79 (s, 3H, OCH3), 2.13 (s,
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3H, CH3), 1.76-1.28 (m, 1H, CH), 0.60 (s, 4H, CH,).

3C NMR (100 MHz, CDCl3) (5, ppm): 193.2, 164.2, 160.2, 156.6, 149.2, 143.8, 139.6, 139.3,
131.9, 130.9, 130.6 129.7, 129.3,128.8, 128.6, 126.2, 115.3, 113.9, 113.8, 111.3, 55.5, 55.3, 34.4,
33.8, 20.5, 13.7.

IR (KBr, v, Cm'l): 3366, 1651, 1600, 1575, 1516, 1258, 1164, 1034, 806, 776, 639.

HRMS (ESI): m/z calcd for: C3,H9N4O3, 517.2240 [M-H]', found: 517.2219.

(4-Chlorophenyl)(6-(4-chlorophenyl)-5-((4-chlorophenyl)amino)-3-cyclopropyl-1-methyl-1H-p
yrazolo[3,4-b]pyridin-4-yl)methanone (5q)

Cl

Yellow solid, m.p. 284-285 °C;

'H NMR (400 MHz, CDCl5) (5, ppm): 7.65 (s, 4H, ArH), 7.43-7.30 (m, 4H, ArH), 6.93 (d, J = 7.6
Hz, 2H, ArH), 6.31 (d, J = 7.6 Hz, 2H, ArH), 5.30 (s, 1H, NH), 4.13 (s, 3H, CH3), 1.23 (s,1H, CH),
0.88-0.79 (m, 2H, CH,), 0.62 (s, 2H, CHy).

3C NMR (100 MHz, CDCls) (5, ppm): 193.6, 156.0, 144.4, 140.8, 139.7, 136.6, 136.5, 135.3,
134.8,130.7, 130.4, 129.1, 128.9, 128.6, 128.3, 124.4, 115.8, 112.0, 33.8, 30.9, 29.7, 8.7, 7.14.

IR (KB, v, Cm'l): 3375, 1664, 1587, 1497, 1361, 1371, 2091, 1091, 1014, 816, 764.

HRMS (ESI): m/z calcd for: Co9H2ClI3N4O, 545.0703 [M-H], found: 545.0721.
(4-Chlorophenyl)(6-(4-chlorophenyl)-3-cyclopropyl-1-methyl-5-(p-tolylamino)-1H-pyrazolo[3,
4-b]pyridin-4-yl)methanone (5r)
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Yellow solid, m.p. 270-271°C;

'H NMR (400 MHz, CDCl3) (5, ppm): 7.69 (d, J = 8.4 Hz, 2H, ArH), 7.62 (d, J = 8.4 Hz, 2H, ArH),
7.33-7.30 (m, 4H, ArH), 7.26 (s, 1H, ArH), 6.78 (d, J = 8.0 Hz, 2H, ArH), 6.29 (d, J = 8.0 Hz, 2H,
ArH), 4.12 (s, 3H, CH3), 2.15 (s, 3H, CHs), 1.59-1.46 (m, 1H, CH), 0.78 (s, 2H, CH,), 0.62 (s, 2H,
CH,).

3C NMR (100 MHz, CDCls) (5, ppm): 193.8, 155.8, 149.1, 144.5, 143.3, 140.44, 138.7, 136.7,
135.1, 134.9, 130.9, 130.4, 129.5, 129.1, 128.9, 128.5, 126.3, 115.3, 112.0, 33.8, 20.4, 8.7, 7.1.

IR (KB, v, Cm'l): 3380, 1666, 1587, 1514, 1306, 1091, 1014, 957, 811.

HRMS (ESI): m/z calcd for: C3H23Cl,N40, 525.1249 [M-H]', found: 525.1247.

(3-Cyclopropyl-5-((4-methoxyphenyl)amino)-1-methyl-6-(4-nitrophenyl)-1H-pyrazolo[3,4-b]p
yridin-4-yl)(4-nitrophenyl)methanone (5s)

OMe

Yellow solid, m.p. 249-250 °C;

'H NMR (400 MHz, CDCls) (8, ppm): 8.21 (d, J = 2.0 Hz, 2H, ArH), 8.19 (d, J = 2.0Hz, 2H, ArH),
7.93 (d, J = 8.0 Hz, 2H, ArH), 7.85 (d, J = 8.4 Hz, 2H, ArH), 6.53 (d, J = 8.4 Hz, 2H, ArH), 6.34 (d,
J = 8.4 Hz, 2H, ArH), 5.33 (s, 1H, NH), 4.14 (s, 3H, CHa), 3.65 (s, 3H, OCHs), 1.54-1.45 (m, 1H,
CH), 0.78 (d, J = 4.0 Hz, 2H, CH,), 0.60 (d, J = 8.0 Hz, 2H, CH,).

3C NMR (100 MHz, CDCls) (8, ppm): 193.4, 154.1, 153.9, 150.6, 148.9, 147.9, 144.5, 144.24,
140.9, 138.6, 136.6, 130.2, 130.0, 128.3, 127.6, 123.8, 123.5, 117.4, 114.5, 112.3, 55.4, 33.9, 30.9,
29.7,8.9,7.2.

IR (KBr, v, cm™): 3392, 1668, 1600, 1574, 1521, 1344, 1240, 1037, 859, 7009.

HRMS (ESI): m/z calcd for: C3yH23NgOg, 563.1679 [M-H]", found: 563.1701.

18



£9¢ L —

LiLe—
L0S' 2—

62 €

Z5ee

gLe g
L2289
41829
00e'8

PE6 9—
L2l nL\m
LLTL
60¥ .Tﬁ
o5 L

Lee 8—

L0 —

=662

=662

860
660
660
00z
200
660
wmm b
e
00z
00z

kool

1.0 05 00

1.5
1 (ppm)

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.5

1.5

'H NMR Spectrum of Compound 4a

epl— -
L18L— —
n|||L
V65— ]
e
z= o
-z
5.zl o Z~7 "zT
EizL
N @
612l & Iz
z8zLy
g8zl -
£ }
3 @) E
0L — 2 0gl— Al O 2] ——
T
L'B0L— ——
oaL/ N 3
LVozl ZZel~ -qu o]
024y §Zel— - —
0¥zl - —
AR < [ ——
9524 . ] —
oozl LVl _ £ —3
ol 8EL— -M & =
AR 2 GElL— - mH\ ]
mhﬁ: a B
78zl
58z
£0cl]
zzel giel— — | =
5zl A
Pl
Vip] 2
Vipl— -IM
o
=t
g96L— A — 7

10

20

%0 80 70

100
1 (ppm)

190 180 170 160 150 140 130 120 10
3¢ NMR Spectrum of Compound 4a

200

19



Bl L—

60 w/

O E=C
98¢ 2~
SIS ZF
LIPS m.x

L9TE—

622'9—

LLL9
0g6'9
0.0 mW
BSZ L

vmmm
mmm mw
L1994
88. L
zog s
084
A=
£e8' 4
€584

B88Z L —

Fooe

=86'C

E66'L

Lo'e
W\_‘oe
H;_ﬂ_,o.w

e
=867

=o'z
=002

Foot

45 40 35 30 25 20 15 10 05 00

5.0

90 85 80 75 7.0

9.5

10.5

1.5

'H NMR Spectrum of Compound 4b

88EvI—
959'8l—

BEY65—

Zperol—
S5ZCE0L—

295 vk
mmm.mw;
6L6GTh\
65 0E 1
S60'LEL

ZresEL—
098 LEL~
1S hpL
Lobeph’

P8Z'09k
P2L 29
GLeEoL,
gsgls

€556 —

S22 60— -—
801 0L — -5

Wy

795 bl
0BL bl =
29851l — =
pi5 50

Le0ecl—
9.0 %Cl— f—

PES GTL— —
I56TL "

9zl 8cl—

L50°6TL— —
el 0El

BPS 0EL =
868 0EL-F =
166 om_.&

IRRERY]

129

120 "7 14 m
1 (ppm)

123

126

132

20

T T
%0 80 70

T
100
1 (ppm)

1é0 1?"0 1EI30 15IO 1:10 1éO Wéo ﬂIO
3¢ NMR Spectrum of Compound 4b

T
180

20



By I —
[FANAN
LilE—
05 2—

CLT L —

B

=601

Lok

=c0'|

2o0e|

00'¢

o

86'S

Fesaf

=g0 )|

30 25 20

50 45 40

0.0

1.0 05

1.5

3.5

6.0 55

70 65

90 85 80 75

105 9.5

ns

1 (ppm)

'H NMR Spectrum of Compound 4c

00007
96€°0
2P0
825°0

6980
280
Z0e'0

B0

880'¢

gL e—
8905 ¢—

6T L —

_JL,_JJLL__JM

=6670[

e0z|
=001|

=20}

=667

=00Lr

90 85 80 75 70O 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.5 9.5

1.5

1 (ppm)

H NMR Spectrum of Compound 4d

21



v
DEW o
Lok
L8l— —
e
> o
Z=
76— c-E A~ zT ]
P k.
Iz 5
3
e
o “oqQ
T
0vzL— =
VrzLs -

o _
orol— 952L— - -
Z60L— L9zL— - ]
oon’ ~

LiZL— -~ ry
6224
:qﬁ/ 8iZL— — 3
REN l mmﬁ f— —
6L2) €8zl a —
£8zL g8zl f—
P Oek f—
: poEL— - — 1
mmﬂ.\ mm %
gopk =
€8l — — ) h —3
gzeL— -
[30]
IPEL~, B
greL— - @
P 5el— - -
=
BiEL— iw
026L— —+

80

90

T T T
130 120 110 100

T T
170 160 150

200

140

180

190

1 (ppm)

3C NMR Spectrum of Compound 4d

oofou
mmo.ouw
6500

Ll 0—

7589 0~
088 0~

pLL L—

066 L
980 NM
9Llz—

€05 2—

8€T €

L

Zoe'e

8cZ'9
A4 @W
L5289

L8 9—
G96'9

BE s

P09 L
609°L
P9 L
bAL L
S8LL
LBL L
908'L

8Ze L —

)

=0

=002
=20
=10

=00'¢

=002

0z
“?D )
oz
=l0e
hzoe
=0z
=66}

=007

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

95

10.5

1.5

f1(ppm)

'H NMR Spectrum of Compound 4e

22



968
Z5¥0 vW
Nmm.ov

Ll 6l—

8L 09—

9250l —
BSE'E0L—

6L G
m%.mt/
ZV0'9Zh\-
vBLOShy

Bogat”
89%'acl~"
ILF P

Zhigyl—

Z0.L°091
om_..mw_.N
vLL'E9 r%
042991

0LT°96)—

656'60L—
L85 0LL—

LBLGLE

mowm:V
8L6'GH -7
vm_‘w:\

0S¥ egl—
059 pZL—

Zp0 9zl —
585921~

o9 8CL—

s 0t
5:80¢k
68E LTI~
var Lcl
LS LEL

899 LEl

BP6 STL—

13

"7

121

125

129

133

f1 (ppm)

10

T
80

T
920

T
100
1 (ppm)

180 170 160 150 140 130 120 MO
3C NMR Spectrum of Compound 4e

T
190

200

LLO0O
vmo.ouw
0000
ey 0—
89 0~
906 0~

€ 1—

580'C~
L8l c—

L0 ¢—

=860
=02

=z0'}
=00}

=00'¢

vy 89—

mmmm
mE hw
1501
980 2/
9LG L
955 .
pig L
PG L
619L
669 L

el —

=66
Lok
MDD Z
oo'e
2e67

oo'e
M_‘D.N
oo'e

|J =001

0.0

1.0 05

1.5

40 35 30 25 20

55 50 45

6.5 6.0

85 80 75 10

9.0

10.5 95

1.5

f1(ppm)

'H NMR Spectrum of Compound 4f

23



Bzel
) vW
c9z'l

951z
1T
ez

508 E~,
lege”

[}
=

=00°¢

=Loer

Loer
Moo.m

=002

T
0.5

1.5

20

T
2.5

30

T
358

40

T T
50 4

558

T
6.0

6.5

T T
7.0

75

0.0

10

5
1 (ppm)

'H NMR Spectrum of Compound 5a

8.0

8.5

6El—
§0Z—
€65
m.mmv
04Zh—
68zt 8
06ZL
vzl
vmﬁw =
. 96ZL 2
LEk R
6Clh
GGl —
5lel— o
§0Zh— -
rGzL—
0BZh— <
92\ W
Z6el— =
Sl or
Lapl—
z95L— 3
S09k—
cpgL— 2B~
9B o
Llvb— Lo
—_— popl—

144

180 170 160 150 140 130 120 10 f10(0 ]90 80 70 60 50 40 30 20 10
ppm

190

3¢ NMR Spectrum of Compound 5a

24



GLLE~
B9Z° ¢

e G—

0889,
7569

8769,
6759
197 L
9027
2682

D@V.h%ﬁ
wwm.m\

Bhe6

G928~

Cl

Fooe

660

ooz

=00z

w0z
Loy
=002
wooe

00y

=00Z

05

1.0

15

T
2.0

25

T T T T
5.0 45 40 35 3.0

6.0

6.5

8.0

0.0

5.5

7.0

7.5

8.5

1 (ppm)

'H NMR Spectrum of Compound 5b

00— i
6El— o) .
608—

T
zZ
X
e
o
NS

Lgb— -—

Lozh— —

RETARN =

8'8g1~ rrel— - L % ———

Pl — LSZh— -3 - -

0'8gL— bozLs ] =

'8zl o
il 443 -— T
685l — g'8zL-7 — =
VBT -2
0'L5h— V'BZ) A ]
e6ZL ,,m»\
erel— — | e
e
ragl— —
08cl— —
6L — . -
reeL— - | o
862l r
6'902— Lipl— — ]

T T T T T T T
140 130 120 MO0 100 90 80

T
150

T
190

T
200

T
210

f1 (ppm)

3¢ NMR Spectrum of Compound 5b

25



€65 L —

PLL'E

L

A aad

CLEE~
pree”

SPeE—

EPE O
G989~
££8'9

589

89897
N@N_Jm
2883k
06 L—
Loy —
NE.%
b9l

8PT 8,
89c'g”

=00¢

00€E
ooe

=Z0e

0.8

T T
35 30 245 20 15 10

4.0
f1 (ppm)

T T
50 4.5

T
545

6.0

'H NMR Spectrum of Compound 5¢

gel—
£'GG~_
9657
gl — 3
e
i 2
BGL— =
F [~
8ell I+
VLl =
6GL — ..w o
90Zh— u e~
bre— z
'5eh —— =t _
tmwi\ 90z) S
BUEL. irE
ooq% fras
m.::\ . 1 =
bk Vvel— 3
Xyl
9aG | — G2 =
gL Lz
9P9L— N
882k~ =)
L'BZL— o
ezl
902l -
@.DQN 2
8Z6L—

G lLel—

180 170 160 150 140 130 120 110 100 90 80 70 50 50 40 30 20 10
1 (ppm)
B3C NMR Spectrum of Compound 5¢
26

120



LIV e~
1612

el v—
9le'G—

09Z'9~,
20897

106'9~,
826'9-"
v9TL—

SpS' L7
A

mm@h\
199,

Cl

=Il0€E|

F00E|

=L0e|

o

T T T T T T
30 25 2.0 15 10 05

35

4.0
1 {ppm)

T T T
55 50 45

T
6.0

T
65

70

75

'H NMR Spectrum of Compound 5d

00—

LEl— @)
g'ge— I <
pd o
(@) 7
pd
h __
o
N \N/
pd
LvEL— -
oo
e
o
PLL— zseL— -
6GLL—
AN
'8zl _
, v'8zL— -
6821 o
oo
TreL— o
8871 — -
g6eL~" )
Lhpl— 682l — -
L — 1'6ZL— - I~
7’6yl o
£6ZL— - o
€61 —
Pogl— -
—
o)
0'8El— -
[=3]
o
ey LBEL~ -
L6l SeEL =

40

90

T
110

T
130

T
140

T
160

T
180

T
190

T
200

3¢ NMR Spectrum of Compound 5d

27



0512~
S6L°Z"

91—

€629~
rLE9<

SLL9~
S6L97
c9z’L
CeLL
wmm.hur.
815 L
vmm..ﬁ\
£69 ;._.“%
869°L

(9}
=

oo'e
4 (108>

=00°¢

=lL0e

=l0e

EL0s
=0k
661
661

T
05

T T T T
35 30 25 20 1.5

T T T T
60 55 50 45

6.5

70

0o

10

40
f1 {pprm}

75

'H NMR Spectrum of Compound 5e

gEeL—

§02—

g'ee—

o
=

6'¥6lL—

.w_mN_‘
m_.mw_‘%
68cl
0'6et

L'62L
m.mmr%
v'6el

6eel—

99EL—

z8elL—
Lgel—

96EL—

135 133 131 129
1 {ppm)

137

139

180 170 180 150 140 1300 120 110 f11(00 ) 20 80 70 g0 o0 40 30 20 10
ppm

190

B3C NMR Spectrum of Compound 5e

28



9LLT—

61—

661 'G—

6129~
L0£9"

6E6°9~,
0969

vacL—
Sivi—

()

d

—_ Loz |

=00€ |

= F00°¢ |

= ~00L |

..J ooz

—

w =00}

=983

25

30

35

4.0

4.5

5.0

oo

05

10

15

20

5.5

6.0

6.5

7.0

7.5

1 {pprm)

'H NMR Spectrum of Compound 5f

9'GL—

g'ee—

&)

9Ll —
ozel—

908L—
gLel’
SOl

RS
8l —
zarl—

985 —

£08L—

ozzl—

ovel—

9 0Bl
g0El—

aLEL
gLEL
LlEl
g'lel
Z'eel
Zeel
L'ZEL
z'eel

-

131 129 127 125 123
f1 (ppm)

133

135

T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
180

T
200

'H NMR Spectrum of Compound 5f

29



L9L"E~_
LT

ShLy—

LylLS§—

$9Z'9~,
¥8297

£82°9~,
z08'9"

€9T'L—
L9v° L7
A

18%°L
wmm_hﬁm
6L9°L

[}
=

00'e

=, F00€

S

. To.v

=GR}

— 70T

./w 0oL

JE—

J_ 2002

0.0

05

1.0

1.5

20

25

3.0

50

5.5

6.0

65

7.0

75

'H NMR Spectrum of Compound 5g

Bel—
502—

gee—

PGk~
BLl—
gecl—
VBTl

sistl

R
cerl—
(=11
5651 —

Be6l—

9ecl—
£9ll—

vezl
@.mﬁw
Logl
BQW
g 5\

ozel

LLCL—

reel—
0lvl—

cerl—
Irrl—

Uil i

ey

126

130

134

138

142

T
10

T
120

T
170

'H NMR Spectrum of Compound 5g

30



AN AN
091’z

G6L°E~,
128"

ol v—

L51°6—

L9~
1ee'g”

69.°9
mmh.mW
mmh.w%
9/8'9
¢9¢’L—

9€9'.L
959°L
SLLLT
SELL

)

[}
=

Lo'e

00'€t

Moo.m r

ooe

Fioe

66'0L

=002

Loy
66°L

Loe

ooef

T T
10 0.5

1.5

T T T T T
5.5 5.0

70

0o

5.0 4.5 4.0 35 30 25 20
f1 (pprm)
'H NMR Spectrum of Compound 5h

5.5

75

8.0

I'€l—
§0z—
2
gee— °
=
[}
€65
G658
L'ozL— "
L&
Gy = e
o teei— .
m.m:& 1621 L
19zl 90gL— — [ _
982 601~ El2
£6Z1L~
6leL— —t
g'acl ] E
9'6¢} : lzs
ekl — E T
6Pl — i
£ Lo
9'951— (7
c09l—
cvalL—
.
ERE
i
= w
€681~ —3 ¥
96EL— —%
Z'€61— :

T T
40 30

50

60

T
110

T T T T T
7o 180 150 140 130

180

190

10

20

100 a0 80 70

f1 {ppm)

120

3¢ NMR Spectrum of Compound 5h

31



809°L—

251
AN
98eZ—
_.h.m.N\‘

9EL ¥ —

cel's—

€029~ _
£2'97

0819~
0089~

LeVi—

8ES L~
£S5,
€65°L

cLaL

)

=662

962

00e

=00¢

Fro

=102

65

7.0

35 30 25 2.0 15 10 0s 0.0

.0

4
1 {pprm)

55 50 45
'H NMR Spectrum of Compound 5i

5.0

75

gEl—
S0e—

2eE—

o

O —
SGLL—

)
E68L—
S

Z6rl—

6951 —

6¥6L—

vecl—

98¢l —

6'8cl
o.mNFV
L6l —

£6el—~
vecl—

B6EEL—
99€L—
28cl—

18617,
m.mm_.\

Lepl—

136 1294 129.0 1286 128.2

140

144

40

70

80

T
100

T
120

T
130

T T T T T T T
210 200 190 180 170 160 150

T
220

3¢ NMR Spectrum of Compound 5i

32



€5Le

Nm._..NV
8EEC—+
th.w\

651 v—

90£°'9~,
9ze'9+

0829~
008'9”

621 L—

265 L—
g6g L7

[}
=

UL

Lhﬂl

00'€
Lo'e

86'Z|

66'C

=00°€|

=£02|

=10¢|

Tqm.m‘

.ﬂoo.m

00Z|

10

1.5

20

T
30 25

T
35

1 {ppm)

'H NMR Spectrum of Compound 5j

4.0

T
45

5.0

55

5.0

6.5

LEL— -
(]
G0z = =
£Le
gz
PR -
vi— £9zL—
voLL— 1821 x
ozl 06Zi -
€6z} eeel
£'621
Vel — S'6Zl o
B'8E I~ o
B'EFlL— Zrel— .
£6bL— peeL— © m
07461 — =
6'8EL,
LBEL—
g6eL g
Berl— I
QSkl—

Pyel—

180 170 160 150 40 1300 1200 10 f11(00 )90 80 70 60 o0 40 30 20 10
ppm

190

3¢ NMR Spectrum of Compound 5j

33



mmm.o
mow.ou.
§LL0—

Sl
5951
L9571

8.5

ek r—

B6Z G~
0ze'g””

568 9~
G197

29z s
mvﬁ,//
18§ 1=
€154
wm@.%
0042

)

0.5

Fooz
Foozr

1.0

00k

20

2.5

3.0

3.5

T
4.0

1

=00'¢

T T
50 45

55

6.0

=002

6.5

=0

7.0

F00'G|

ol
00z,

ooz

0.0

1.5

7.5

{ppm)

f

'H NMR Spectrum of Compound 5k

(AN R
98 _ - ]
(©]
gee— -
0ZL— —
BGL— 3
oveh
£8Z1 -
L8Th
TaZl— -
LFel— —
Zacl— €8zl —
@.mﬁ/ ® -—
Skl — LBZL = - _ k
b il — S Bak = ]
0ezk
PsrAs .
¢iGL— SE I
a
LFel— - =
a
GoTl— - -
=i -
[a=]
orl— |J“ T
B'¥EL— I

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

T
190

3¢ NMR Spectrum of Compound 5k

34



=

el r—

(]
=

)

Fooe

Fiozf

E00° )

=l0¢C

=00¢

=00'Z|

=o0ef

S|

=00 L

E00w|

7.0

10 0.5 0.0

15

35 30 2.5 20

0

4
1 (ppm)

6.0 5.5 5.0 45
'H NMR Spectrum of Compound 5I

6.5

75

b~
L8

50Z—

aege—

)
=

ek~
GGl

591

mmwvw
BEEI-
£8EL~
Lepl—

b AGL—

L'GBL—

59ZL—

€8zl
m.mﬁ/
g8zl

Gt

_,.mw_.\
6T
P'ETL

geel—

£9el—

gesl—
L'6EL—

136 134 132 130 128

138

f1 (ppm)

80

90

100
1 (ppm)

T T T
140 130 120 110

T T
160

180

120

200

60 50 40 30 20 10

70

150

170

3¢ NMR Spectrum of Compound 5l

35



905 2—

80—

2819~
vz 97"

OF5 9
L9597

9254
LIPS L
99~
5892

chet

o
2]

A

N

_J
——

—

=
= G
98-
| o
Looz| <
ozl
=
Lpe—
6601 2
L=
(o]
o
Lo e
n
©
o c
e o}
o
o
- e
e o
O
e Y
m o
—oef v E
= 35
S
- w 580k~
- A 1
N SSH—
| o W 8770~
w0 S st
T 06ZL—
o gleL
s zGel—
i
= Fepl
R BS%
=00Z| vepl
s LiGL—
w
Fooz)
SO0
00'g
ma.o
Moot o 681 —
[e=]

90

100
1 (ppm)

T T T T T T
170 160 150 140 130 120

180

190

70 60 50 40 30 20 10

80

10

3¢ NMR Spectrum of Compound 5m

36



Ll

BLZ'9~,
86797

0049~
6829

29¢' . —

GV LF
LV L
LBY L

8254

o)
=

Fooe

Looer

1.0

T

1.5

=00

=00g|

=00'e

=00l

=Lozy

T
0.0

T
05

T
2.0

25

T T T
6.0 55 5.0

T
6.5

7.0

7.5

'H NMR Spectrum of Compound 5n

FoZ—

8ee—

0zi—
Gl
veZl
26z
56zl
£0ek~2
BleL
[

gerl—
LBrl—

8651 —

opel—

T T T T T
70 60 50 40 30 20

T
80

T?IU 1EI50 1%0 1:10 13IU 12IU 1”;0 160 90
1 (ppm)
3¢ NMR Spectrum of Compound 5n
37

T
180

T
190




SISk
avs’ v\
855}
885’ T\

GLLZ—

864°¢
wmm.wV

501 —

pPeEe'S—

et

1

Fios

66'Z
662

=00¢

=Ll

=0z

Foog

Loy

T
20

25

30

4
1

f

T T T T T
6.0 55 50

6.5

10 05 00

15

35
)

m
'H NMR Spectrum of Compound 50

0
(pp

45

70

75

98—

age—

€65
m.mmv.

)

Ll
m..mSW
LGl
Letl—

£8ll—
mmwv%
Socl

gl
m.wgv.

Z0gl—
£ral—

pegl—

LeZl—

gril—

£'8Zl—
GeZl—
Goel—

&lLel—

125

128

131

f1 (ppm)

20

10

180 170 160 150 140 130 120 110 100 0 80 70 60 50 40 30

120

f1 (ppm)

3¢ NMR Spectrum of Compound 50

38



Z090—

5¥5 L
@@m._.wr
BLG L
,.mm._.“\
A3

eehe—

FBLEN
azgc

gl r—

A4
P9
09L'9
08L'g
m&.@M

£92'9
29zt —
L9971
829,
aLLL
gL'l

i L

L0'y|

=Lo

=L0¢

LOCr
wmoo.m

=00e

=0g|

Nmo.v‘

e

.mmmm 3

Loer

T T T T T T
30 25 20 10 0.5

35

40
1 (ppm)

T T T
6.0 55 50 4.5

7.0

0.0

15

6.5

7.5

'H NMR Spectrum of Compound 5p

ae—
§02—

gee—

65
g mmvv

pegl—

180 170 160 150 140 130 120 110 f;l[()O ]90 80 70 60 50 40 30 20 10
ppm

190

3¢ NMR Spectrum of Compound 5p

39



LL90—
98, 0—
z8g0-"
8z

5T _.V

LEG b —

LiVE—

9L r—

POE'S—

967 9~
G197

PZ6 9,
oNeod

b9z ) —
eze s

259 L—

T

T T T T T T
3.0 2.5 2.0 0.5

35

4.
f1 {ppm)

T T T T T T
6.5 55 5.0 45

7.0

7.5

0.0

1.0

1.5

0

6.0

8.0

'H NMR Spectrum of Compound 5q

oo
oh
[
re’
LBE~,
602"
o
[==]
N
m.mm_‘f -
0zl — 98Zl—
g5l — 6'8ZL— &
A LBz -
g mwv/
9'8ZL o
B6'8ZL hts
L'6el goel—
£0ek LOsL—
h.oﬁ\ =
B'Pel~ ]
g8el— - ©
[rl
g§9cl - -
m.wm_‘ﬂ
LBEL— - |Le
9'CBL— g0FL— - -
6'902— 3
Pl — - -

T
150

T
170

T
190

T
210

3¢ NMR Spectrum of Compound 5q

40



LL90—
GLL0—

0Ls'4
Zes't
prS L
555 _.W
92571

AN
Lave”

ellr—

582789~
50294

9L 9~
6819
bz L
867'L
80T L
pLeL
pEg /-t
atg s

)
=

|

0.0

B S

Fioz

Froer

Eaol

=l0¢

=00e

6.0

=00Z[

6.5

=00Z]

7.0

860}
ooy
=007
Moozt

1.0 0.5

15

30 2.5 20

35

1 (ppm)

45 f4.0
'H NMR Spectrum of Compound 5r

50

5.5

75

[ _
IR - L
b 0z— - -
(0]
=
gee— -
0zl — i
eGh—
€9zl r
681
g6zl m.mﬁ/ 3 L
6vel-— mmwww f—
L9gl 5821 i e L
ropL" q.am_‘%
L0gl
LBl — -« i
BEL &
L5561 — LGel— — <
o -
98— -— 2
I
o
Lgel— — | - |
7 OpL— -
o
Q L
Cepl— -—
§hirl— 3 |
gesl—

180 170 160 150 140 130 120 110 f11(00 ]90 80 70 60 50 40 30 20 10
ppm

190

B3C NMR Spectrum of Compound 5r

41



0650
oot
pil0
ver 0/
pszL—
iyl
08y’
V6v'l
€05}
zi5h

9vPgC—

9EL P—

LT8G

972’9

mwﬁww
£C5' 97
wv@m\

997 L
LPEL
rmmm%

AR
5818

[0
=
©)

Fooz
a6l

EZOL

=0¢e

00T

#éof

=0z
=002

oz
oz

EH0'E

T
10

20

25

30

35

40
1 (ppm)

Bb 53 50 i5
'H NMR Spectrum of Compound 5s

7.0

758

00

05

15

6.5

80

[N

58 °

=
(0]

LBT—

5ee—

55—

§eTl—+ = 2
%
T seet/ 18
N .

9Phl~ CRIAN -

AL — cetl— ||w -

. ootk —t O

s e/

&
g9cl— . -
o8e L7 998l— —
oL, ggel— — | _E
) . F&
Stpl 507l— 3 |Tc
8L
g'arl PPl == o
9051 Sl B =
555 .

PGl Bivl~ -
68l — 1|
905L— —4 [
BEGh~ A
LpGLT re

FE6L—

100
1 (ppm)

T T T
130 110

T T
170 160 150

190

120

140

180

B3C NMR Spectrum of Compound 5s

42



