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Efficient synthesis of tetrahydro-1H-pyrazolo[3,4-b]pyridines
based on the recyclization of N-arylitaconimides with aminopyrazoles

Yana Yu. Shmoylova, Yuri A. Kovygin, Evgeniya A. Kosheleva, Khidmet S. Shikhaliev,
Irina V. Ledenyova and Mikhail A. Prezent

Experimental Section

NMR H and 3C spectra were recorded on Bruker AV600 (600.13 and 150.9 MHz,
respectively) spectrometer in DMSO-de, internal standard was TMS. Melting points were
determined on Stuart SMP 30. Control of reagent and products individuality, qualitative analysis
of reaction mass was performed by TLC on Merck TLC Silica gel 60 F2s4 chromatographic plate;
eluents: methanol, chloroform and their mixtures in various ratios. The chromatograms were
visualized by UV or iodine vapor.

Product purity was monitored by high performance liquid chromatography with high resolution
mass spectrometric electrospray ionization detection (HPLC-HRMS-ESI) in combination with
UV detection. The analyzes were performed on Agilent 1260 Infinity chromatograph (Agilent
Technologies, CA, USA) and Agilent 6230 TOF LC/MS high-resolution time-of-flight mass
detector. The ionization block was double electrospray; the signals were recorded in positive
polarity; nebulizer N2 20 psig; desiccant gas N, 6 ml min™, 325 °C; mass detection range is 50-
2000 Da. Capillary voltage 4.0 kV, fragmentator +191 V, skimmer +66 V, OctRF 750 V.
Poroshell 120 EC-C18 column (4.6 x 50 mm; 2.7 pum) was used. Gradient elution:
acetonitrile/water (0.1% formic acid); flow rate 0.4 ml min’. Software for processing research
results - MassHunter Workstation/Data Acquisition V.06.00.

Table S1 Yields of 2-(3-methyl-6-oxo-1-phenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-
5-yl)-N-phenylacetamide 3l form reactants 1a and 2e depending on the reaction medium (reflux,
10 h).

Solvent Yield, %
AcOH 35
Pr'OH + AcOH, 10:1 65
Toluene + AcOH, 10:1 15
MeOH + AcOH, 10:1 45
Dioxane + AcOH, 10:1 20
DMF + AcOH, 10:1 45
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General Procedure.

Synthesis of N-aryl-2-(6-0x0-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-5-yl)acetamides
3a-k. A solution of N-arylitaconimide 2a-f (5 mmol) and 5-aminopyrazole 1a-d (5 mmol) is
boiled in isopropyl alcohol (5 ml) in the presence of catalytic amounts of acetic acid for 8-15 h.
The precipitate formed is filtered off and recrystallized from a 2:1 mixture of methanol and
DMF.

N-(3-Chloro-4-fluorophenyl)-2-(3-methyl-6-oxo-1-phenyl-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4-b]pyridin-5-yl)acetamide 3a Yield 70% (1.4 g), light beige powdery compound,
m.p. 253-255°C. *H NMR, ((5, ppm., J/Hz): 10.44 (s, 1H, NH); 10.23 (s, 1H, NH); 7.29-6.95 (m,
8H, Ar); 3.01-3.09 (m, 1H, CH); 2.85 (dd, J = 15.6, J = 5.8, 1H, CHzexo); 2.78 (dd, J = 15.0, J =
7.9, 1H, CHzendo); 2.49-2.53 (m, 1H, CH2exo); 2.46 (dd, 1H, J= 15.1, J = 7.8, CHzendo); 2.10
(s, 3H, CH3).23C NMR (5, ppm): 171.8; 169.9; 152.8 (d, J = 230); 145.0; 138.1; 136.4; 129.1;
126.5; 122.4; 120.3; 119.0; 116.9; 116.7 100.2; 37.4; 36.6; 21.9; 11.7; HRMS: m/z calcd:
413.1176; found: 413.1171.

N-(3-Chloro-2-methylphenyl)-2-(1-methyl-6-oxo-3-phenyl-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4-b]pyridin-5-yl)acetamide 3b. Yield 75% (1.5 g), white powdery compound, m.p.
252-254°C. H NMR, ((8, ppm., J/Hz): 10.34 (s, 1H, NH); 9.56 (1H, s, NH); 7.50-7.16 (m, 8H,
Ar); 3.03-3.09 (m, 1H, CH ); 2.91 (dd, J = 15.2, J = 6.0, 1H, CHzexo); 2.84 (dd, J = 15.1, J =
7.1, 1H, CHzendo); 2.55-2.49 (m, 2H, CH2exo+CHzendo); 2.21 (s, 3H, CHz); 2.25 (s, 3H, CHy).
13C NMR (8, ppm): 172.0; 169.8; 145.0; 138.2; 138.1; 139.0; 133.7; 130.5; 129.1; 126.7; 126.5;
125.9; 124.6; 122.4; 100.3; 37.8; 36.0; 22.0; 15.1; 11.8. HRMS: m/z calcd: 409.1427; found:
409.1427.

N-(4-Fluorophenyl)-2-(1-methyl-6-oxo-3-phenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]-
pyridin-5-yl)acetamide 3c. Yield 70% (1.3 g), white powdery compound, m.p. 252-254°C.1H
NMR, ((8, ppm., J/Hz): 10.43 (s, 1H, NH); 10.07 (1H, s, NH); 7.63-7.12 (m, 9H, Ar); 3.07-3.05
(m, 1H, CH); 2.88 (dd, J = 15.5, J = 5.5, 1H, CH2exo); 2.82 (dd, J=12.0, J = 7.1, 1H, CHz2endo);
2.53-2.46 (m, 2H, CHzexo+CHzendo); 2.11(s, 3H, CHz3). 3C NMR (5, ppm): 172.0; 169.5; 157.8
(d, J = 240); 145.1; 138.2-138.1; 135.7; 129.2; 126.6; 122.4; 120.8; 120.7; 115.3; 115.1; 100.3;
37.6; 36.6; 22.0; 11.8. HRMS: m/z calcd: 379.1566; found: 379.1568.

N-(4-Chlorophenyl)-2-(1-methyl-6-oxo-3-phenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]-
pyridin-5-yl)acetamide 3d. Yield 65% (1.3 g), white powdery compound, m.p. 265-267°C.1H
NMR, ((8, ppm., J/Hz): 10.42 (s, 1H, NH); 10.14 (1H, s, NH); 7.63-7.34 (m, 9H, Ar); 3.07-3.05
(m, 1H, CH ); 2.90-2.87 (m, 1H, CH2exo); 2.85-2.82 (m, 1H, CHzendo); 2.53-2.46 (m, 2H,
CH2exo+CH2endo); 2.12(s, 3H, CH3). 3C NMR (5, ppm): 172.0; 169.8; 145.1; 138.3; 138.2;
138.1; 129.2; 128.6; 126.6; 126.5; 122.5; 120.6; 100.4; 37.5; 36.7; 22.0; 11.9. HRMS: m/z calcd:
395.1270; found: 395.1272.

N-(3-Chloro-2-methylphenyl)-2-(6-oxo-1,3-diphenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]-
pyridin-5-yl)acetamide 3e. Yield 75% (1.5 g), white powdery compound, m.p. 276-278°C. H
NMR, ((8, ppm., J/Hz): 10.60 (s, 1H, NH); 9.69 (s, 1H, NH); 7.71-7.18 (m, 13H, Ar); 3.13-3.09
(m, 1H, CH); 3.92-2.89 (m, 2H, CHzexo + CHzendo); 2.61-2.50 (m, 2H, CHzexo + CHzendo);
2.22 (s, 3H, CH3). C NMR (5, ppm): 171.9; 169.9; 146.9; 139.3; 138.0; 133.7; 133.0; 130.6;
129.3; 128.7; 127.9; 126.7; 126.4; 125.9; 124.7; 123.1; 99. 4;37.8; 35.9; 23.5; 15.1. HRMS: m/z
calcd: 409.1427; found: 409.1428.

N-(3-Chloro-4-fluorophenyl)-2-(6-oxo-1,3-diphenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]-

pyridin-5-yl)acetamide 3f. Yield 75% (1.8 g), white powdery compound, m.p. 228-230°C. H
NMR, ((8, ppm., J/Hz): 10.59 (s, 1H, NH); 10.29 (s, 1H, NH); 7.93-7.33 (m, 13H, Ar); 3.11-3.17
(m, 2H, CH + CHzexo); 2.89-2.94 (m, 2H, CH2exo + CHzendo); 2.59 (dd, J = 15.8, J = 6.1, 1H,
CH; endo). *C NMR (5, ppm): 171.8; 169.9; 152.9 (d, J = 240); 146.9; 139.3; 137.9; 136.5;
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133.0; 129.5; 129.3; 128.7; 128.5; 127.9; 127.3; 126.5; 125.9; 124.7; 123.1; 118.9; 116.9; 116.7;
99.5; 39.0; 36.4; 23.5; 21.6. HRMS: m/z calcd: 475.1332; found: 475.1331.

2-(6-Oxo0-1,3-diphenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridine-5-yl)-N-
phenylacetamide 3g. Yield 65% (1.4 g), white powdery compound, m.p. 265-267°C. *H NMR,
((3, ppm., J/Hz): 10.57 (s, 1H, NH); 10.00 (s, 1H, NH); 7.68-6.98 (m, 15H, Ar); 3.08-3.15(m,
2H,CH + CHexo); 2.89-2.94 (m, 2H,CH2exo + CHzendo); 2.54 (dd, J = 15.8, J = 6.6, 1H, CH>
endo). *C NMR (5, ppm): 171.8; 169.9; 153.9; 151.9; 146.9; 139.3; 137.9; 136.5; 133.0; 129.5;
129.3; 128.7; 128.5; 127.9; 127.3; 126.5; 125.9; 124.7; 123.1; 118.9; 116.9; 116.7; 99.5; 39.0;
36.4; 23.5; 21.6. HRMS: m/z calcd: 423.1817; found: 423.1817

N-(4-Methoxyphenyl)-2-[6-0x0-3-phenyl-1-(p-tolyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]-
pyridine-5-yl]Jacetamide 3h. Yield 60% (1.4 g), white powdery compound, m.p. 287-289°C. ‘H
NMR, ((5, ppm., J/Hz): 10.42 (s, 1H, NH); 9.94 (s, 1H, NH); 7.69-6.86 (m, 13H, Ar); 3.71 (s, 3H
CHa); 3.29-3.12(m, 2H, CH+CH3exo); 2.89-2.86 (m, 2H, CH2exo+CHzendo); 2.59-2.56 (m, 1H,
CHzendo); 2.37 (s, 1H, CH3);®*C NMR (5, ppm): 171.8; 168.9; 154.9; 149.6; 139.1; 136.6;
135.5; 133.0; 132.5; 129.6; 128.6; 127.7; 126.3; 123.0; 120.5; 113.7; 99.2; 55.0; 37.5; 36.2; 23.5;
20.5. HRMS: m/z calcd: 467.2079; found: 467.2076.

N-(3-Chloro-4-fluorophenyl)-2-[6-oxo-1-phenyl-3-(p-tolyl)-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4-b]pyridin-5-ylJacetamide 3i. Yield 65% (1.6 g), white powdery compound, m.p.
245-247°C.*H NMR, ((5, ppm., J/Hz): 10.56 (s, 1H, NH); 10.25 (s, 1H, NH); 7.92-7.25(m, 12H,
Ar); 3.12-3.10 (m, 2H, CH+CH2exo); 2.92-2.87 (m, 2H, CHzexo + CHzendo); 2.59-2.57 (m, 1H,
CHzendo); 2.34 (s, 1H, CHs). 3C NMR (5, ppm): 171.8; 169.9; 152.9 (d, J = 237); 150.00;
137.9; 137.2; 136.5; 130.2; 129.3; 127.2; 126.4; 123.1; 120.4; 119.2; 119.0; 117.0; 116.8; 37.5;
36.4; 23.5; 20.8. HRMS: m/z calcd: 489.1489; found: 489.1486.

2-[6-Oxo-1-phenyl-3-(p-tolyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-5-yl)-N-
phenylacetamide 3j. Yield 65% (1.4 g), white powdery compound, m.p. 253-255°C.*H NMR,
((8, ppm., J/Hz): 10.56 (s, 1H, NH); 10.02 (s, 1H, NH); 7.59-7.02 (m, 14H, Ar);3.13-3.10(m, 2H,
CH+CH2exo); 2.92-2.86 (m, 2H, CHzendo + CH2exo); 2.50 (m, 1H, CHzendo ); 2.33 (s, 1H,
CHs). ®°C NMR (8, ppm): 171.9; 169.5; 147.0; 139.2; 138.0; 130.2; 129.3; 128.7; 127.2; 126.7;
123.1; 119.0; 99.3; 37.5; 36.5; 23.5; 20.8. HRMS: m/z calcd: 437.1973; found: 437.1972

N-(4-Nitrophenyl)-2-[6-0x0-1-phenyl-3-(p-tolyl)-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]-
pyridin-5-yl)acetamide 3k. Yield 70% (1.7 g), yellow powdery compound, m.p. 256-258°C.
IH NMR, ((5, ppm., J/Hz): 10.65 (s, 1H, NH); 10.56 (s, 1H, NH); 8.22-7.26 (m, 13H, Ar); 3.15-
3.12 (m, 2H, CH + CHazexo); 2.99-2.97 (m, 2H, CHzendo + CHexo); 2.91-2.89 (m, 1H,
CHzendo ); 2.33 (s, 1H, CHs). *C NMR (5, ppm): 171.6; 170.6; 146.9; 145.3; 141.9; 139.1;
137.9; 137.1; 129.2; 129.2; 127.1; 126.3; 124.9; 123.0; 118.6; 99.3; 37.3; 36.6; 23.4; 20.7.
HRMS: m/z calcd: 482.1824; found: 482.1821.

2-(3-Methyl-6-oxo0-1-phenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyridin-5-yl)-N-
phenylacetamide 3I. Yield 65% (1,2 g), yellow powdery compound, m.p. 250-253°C.*H NMR,
((3, ppm., J/Hz): 10.35 (s, 1H, NH); 10.20 (s, 1H, NH); 7.65-7.10 (m, 10H, Ar); 3.00-2.96 (m,
1H, CH); 2.87 (dd, 1H, J = 15.3, J = 5.7, CH2exo); 2.78 (dd, 1H, J = 15.0, J = 7.2, CH2endo);
2.53-2.44 (m, 2H, CHzexo + CHzendo); 2.10 (s, 3H, CHas). 3C NMR (8, ppm): 173.2; 170.3;
145.3; 139.9; 139.8; 139.2; 129.5; 129.2; 126.5; 123.4; 122.5; 119.5; 119.4; 100.1; 38.1; 37.8;
26.0; 22.9; 12.4. HRMS: m/z calcd: 361.1660; found: 361.1660.
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Qualitative Analysis Report

Data Filename 1144.d Sample Name
Sample Type Sample Position Vial 21 HN F
Instrument Name Instrument 1 User Name
Acq Method ACN-H20_60-40.m Acquired Time  3/3/2021 1:35:49 PM % cl
IRM Calibration Status SiEESSI DA Method 111.m o
Comment , N\ va
Sample Group Info. N~y
Stream Name LC1 Acquisition SW 6200 series TOF/6500 series Ph
Version Q-TOF B.06.01 (B6172 SP1)

User Chromatograms

LCMS spectral of compaund 3a

x10 2 |VWD1 - A:\Wavelength=254 nm 1144.d
1] *2.317
0.8+
0.6
0.4
0.2
0
' 2 25 3 35 4 45 5 55 6 65 7 75
Response Units (%) vs. Acquisition Time (min)
Integration Peak List
Peak Start |RT End Height Area Area %
24 2.18 2.317 2.5 2294.1 14111.12 100
User Spectra
Fragmentor Voltage Ionization Mode

Collision Energy
0

191 ESI

x10 5 |N-(3-chloro-4-fluorophenyl)-2-(3-methyl-6-oxo-1-phenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyrid...
35 413.4591
3 § B
2.5 >
2 h¢
1.5 W i
14 \
0.5 268.3294 )
0 | | | | 512.'6459 | 700.?283 82,5.9131 . | .
200 300 400 500 600 700 800 900 1000 1100
Counts vs. Mass-to-Charge (m/z)
Peak List
m/z z |Abund
186.2567 1 12756.04
240.3114 1 1|7717.67
268.3294 1 |31066.15
269.3332 1 [5336.09
413.4591 1 |341790.78
414.4628 1 180943.8

~i'#- Agilent Technologies

Page 1 of 2
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Qualitative Analysis Report

Data Filename 1291.d Sample Name

Sample Type Sample Position Wial 33

Instrument Name Instrument 1 User Name

Acq Method ACN-H20_&0-40.m Acquired Time  3/22/2021 11:46:18 AM

IRM Calibration Status ElEEEE DA Method 111.m

Comment

Sample Group Info.

Stream Name L1 Acquisition SW 6200 series TOF/G500 series
Version Q-TOF B.06.01 (B&172 5P1)

User Chromatograms

w10 2 | VWD - AsWavalength=254 nm 1281.d
] r21m
0.8
0.6
0.4
0,24
0
2 25 3 3.5 4 4.5 5 5.5 6.5 7 7.5

6
Response Units (%) ve. Acquisition Time (min)

Integration Peak List _
Peak Start RT End Height Area Area %o

1 2087 z2173] 239 1071,82 6219,73 100

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
191 0 ESI
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x10 5 |N-(3-chloro-2-methylphenyl)-2-(3-methyl-6-oxo-1-phenyl-4.5 6. 7-tetrahydro- 1H-pyrazolo|[3 4-bjpyri
357 4091427
3 —
254 A "!
5 —
151 v
14 P )
0.5- 268.1753 (e
. ] _508.3745 e
00 200 300 400 500 600 700 800 900 1000 1100
Counts vs. Mass-to-Charge (m/z)
Peak List
m/z z |Abund
240,1734 1 |6295,19
268,1753 1 |29071,92
409,1427 1 |313907,66
410,2478 1 |76338,72
411,2431 1 |105812,16
412,246 1 |24827,56
817 481 1 (2412787
818, 4844 1 |12405,57
819,4803 1 |18709,98
820,4831 1 |8544,91
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Qualitative Analysis Report

Data Filename 1201.d Sample Name
Sample Type Sample Position Yial 13

Instrument Name [nstrument 1 User Name HN’O’F
Acq Method ACN-H20_60-40.m Acquired Time  3/10/2021 1:17:41 PM

IRM Calibration Status _ DA Method 111.m o

Comment o

Sample Group Info. N

Stream Name LC1 Acquisition SW 6200 series TOF/6500 series |
Version Q-TOF B.06.01 (B6172 5P1)
LCMS spectrum of compound 3c

User Chromatograms

«10 2 [VWD1 - AlwWavelength=254 nm 1201.d

1. " 1.843

0.8 1

0.61

0.4

0.2
0

05 1 15 2 25 3 35 4 45 5 55 & 65 7 75
Response Units (%) vs. Acquisition Time (min)

Integration Peak List _
Peak Start |RT End Height Area Area % |

1 17l 1843 2043 859,27 4715,65 100]
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<10 & |N-(4-fluorophenyl)-2-( 3-methyl-6-oxo-1-phenyl-4.5,6, 7-tetrahydro- 1H-pyrazolo[3.4-blpyridin-5-yl)a
14 379.1568 )
0.8- S
061 —
0.4 T
0.2- P

268.3272 '
0 . N ~ 478.6549 ?5?..9%52
100 200 200 400 _ 500 60O 700 900 1000 1100
Counts vs. Mass-to-Charge (miz)

Peak List

m/z z |Abund

186,253 1 ]984,21

240,3099 1 J1992.09

268,3272 1 |8887,67

269,3296 1 1559649

379,1568 1 |93984,64

380,4693 1 |21853,83

381,4741 1 |2918,83

401,4541 1 (111461

7579262 1 |1618,04

F79,9289 1 |1363,52
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Qualitative Analysis Report

Data Filename 1432.d Sample Name
Sample Type Sample Position Wial 13

Instrument Name Instrument 1 User Name Cl
Acg Method ACN-H20_60-40,m Acquired Time 4902021 1.2:00:04 PM HN

IRM Calibration Status _ DA Method 1iim

Comment o

Sample Group Info. 0
Stream Name LC1 Acquisition SW 6200 series TOF/6500 series

Version Q-TOF B.06.01 (B6172 SP1) WNH

User Chromatograms LCMS spectrum of compound 3d

%10 2 [VWD1 - A:'Wavelength=254 nm 1432.d
2227

14
0.8
0.64
0.4
0.24

2 25 3 3.5 4 4.5 5 5.5 6.5

6 7.5
Response Units (%) vs. Acquisition Time {(min}

=

Integration Peak List
Peak Start |RT End Height |Area Area %

1| 2047 2227] 2527 159,99| 965,79 100

H NMR 3c
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User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
191 Li] ESI
x10 4 |N-(4-chlorophenyl)-2-(3-methyl-6-oxo-1-phenyl-4,5 6, 7-tetrahydro- 1H-pyrazolo[3.4-blpyridin-5-yl)a
2.5 3061272
2, 0
1.5 ]
14 T M
S
034 268.2661 o7
. N 494 5286 811.7102
100 200 200 400 7 ' 500 1000 1100
Counts vs. Mass-to-Charge (miz)
Peak List
myz z |Abund
240,2539 1 |704,76
268,2661 1 |2881,77
269,2689 1 |543.37
395,1272 1 |23766,57
396,3638 1 |5503,62
397,359 1 |8053,14
398,3627 1 209397
399, 3663 1 |284,84
417,3593 1 4644
811,7102 1 [293.9

LCMS 3d
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J Eehmsky lstitute of Organc Chemmstry, Moscow, Bruker AVGU0 SF=600.13 MHz | TH} S[=32EK SW=12009 O] =4=09 PW=] 2.0 AQ=D681 RO=1.00 N5=1 SR=250 TE=298k 27 Seplember 2021 Opr: Sirelenko Yo Al Preps L-UTEE; Solv: DMSO—d6;
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Qualitative Analysis Report

Data Filename 1755.d Sample Name
Sample Type Sample Position Wial 58
Instrument Name Instrument 1 User Name HN
Acqg Method ACN-H20_60-41.m Acquired Time Jr212021 1:49:49 PM cl
IRM Calibration Status SlEEsE DA Method 1il.m o
Comment o
Sample Group Info. Ph
Stream Name LC 1 Acquisition SW 6200 series TOF/6500 series 1 N\, —NH
Version O-TOF B.06.01 (B6172 5P1) N—N
\
Ph
User Chromatograms LCMS spectrum of compound 3e
«10 2 |VWD1 - A:Wavelength=254 nm 1755.d
1] *2.200
0.8 4
(.64
0.4 4

0.2 4 J_
0

T T

35 4 45 5 55 6 65 7 15
Response Lnits (%) vs. Acquisition Time (min)

2.5 3

[

Integration Peak List _
Peak Start RT End Heig ht Area Area %

1 2,06 2,2 2,483 114545 681,75 100
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Fragmentor Voltage Collision Energy Ionization Mode

191 i} ESI
%10 5 | N-(3-chloro-2-methylphenyl)-2-(3-methyl-6-oxo-1-phenyl-4.5 6, 7-tetrahydro- 1H-pyrazolo[3.4-blpyri
17 4051428 -
| | L/
LY

0.2/ '\

0.6 | e

0.4 ;==

0.2 2E6E.1041 . \

; L 5082374 i o

00 200 300 400 _ 500 600 700 800 %00 1000 1100
Counts vs. Mass-to-Charge (m/z)

Peak List
myz z |Abund
240, 1086 1 |3604,96
268,1041 1 |16785.77
09,1428 1 |118082,492
410,1381 1 |29775.83
411,1337 1 |40227 45
412,1362 1 |98591.4%9
8172631 1 |9401, 82
B818,2685 1 |5140,34
19,2634 1 |7273,96
B20,2655 1 |3516,77
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Qualitative Analysis Report

Data Filename
Sample Type
Instrument Name
Acq Method

IRM Calibration Status

Comment

Sample Group
Stream Name

LC1

User Chromatograms

1231.d
Sample
Instrument 1

ACH-H2O_60-40.m

ST 04 Metnod

Info.

Sample Name

Position
User Name
Acquired Time

Acquisition SW
Version

Vial 78

3/15/2021 1:43:45 PM
iii.m

6200 series TOF/&500 series
Q-TOF B.06.01 (B6172 5P1)

x10 2 |[VWD1 - A'Wavelength=254 nm 1231.d

14
0.81
0.6
0.41
0.24

* 4330

1]

[ E

Integration Peak List

2.5

T

3

4.5 5

3.5 4 5
Response Units (%) ve. Acquisitio

Peak Start

RT

End Height

Area

Area %

1] 4,187

4,33

4,607 1531,28

9151,55

100

5 i
n Time (min}

S32
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LCMS spectrum of compound 3f



Fragmentor Voltage

191

Collision Energy
0

Ionization Mode
ESI

x10 4 |N-(3-chloro-4-fluorophenyl)-2-(6-oxe-1.3-diphenyl-4,5.6, 7-tetrahydro- 1H-pyrazolo[3. 4-bjpyridin-5-y
7. 47513n =l
6- | \
54 il )
4- | R
34 = s
2- 7\
:.J' 1402499 H204- | 5742451 3292688

00 200 300 400 500 600 700 800 900 1000 1100
Counts vs. Mass-to-Charge (m/z)

Peak List

m/z z |Abund

330,1284 1 |5549,57

390,1862 1 12210,04

475,1331 1 [69241,83

476,1421 1 [20008,65

477,1373 1 [24245 66

478,14 1 |6830,36

949, 2688 1 |3162,65

950,2711 1 152258

951,269 1 [2497 69

952 2722 1 [1344,85
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'H-NMR spectrum of compound 3f
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Lehmsky Insttute of Crgame Chemsery. Moscow: Bruker AVGI0 SF=al0. 13 MHe {TH} S1=32K SW=12019 O] =380% FW=12.0 AQ=0.082 RO=1.00 N3=1 5H=1.22 TE=298K 27 Sepiemnber 2021 Opr: Sinelenko Yo A Prepe L=4THA: Solv: DMSO—d;
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Qualitative Analysis Report

Data Filename 1838.d Sample Name
Sample Type Sample Position Wial 14
Instrument Name Instrument 1 User Name
Acq Method ACN-H20_60-40.m Acquired Time 2072021 12:51:04 PM
IRM Calibration Status SIS DA Method 111.m
Comment
Sample Group Info.
Stream Name L1 Acquisition SW 6200 series TOF/6500 series
Version Q-TOF B.06.01 (BE172 5P1)
User Chromatograms
%10 3 | VWD - AlWavelength=254 nm 1838.d
25 *3.133
24
1.54
14
0.54
0
2 25 3 35 4 45 5 & 65 7 75

Integration Peak List

5.5
Response Units vs. Acquisition Time (min)

Peak

Start

RT

Heig ht Area

Area %

1

2,967

3,133

3,393 248745

17089,6

100

S37
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LCMS spectrum of compound 3g



Fragmentor Voltage Collision Energy Tonization Mode
191 L] ESI
%10 5 |2-(6-oxo-1,3-diphenyl-4 5.6, 7-tetrahydro- 1H-pyrazolo[3.4-b]pyridin-5-yI)-N-phenylacetamide: + Sc
o] 4231817 —
. ]
N L
B . ,| TN
44 ]' % |
? 330.0841 845 2439 !
oL .I | 5222226 6536657 |,
100 200 300 400 500 600 700 BOD 900 1000 1100
Counts vs. Mass-to-Charge (mfz)
Peak List
myz z |Abund
59,043 1 |27825,47
330,084 | 1 |93105,598
331,087 | 1 |22794.01
423,1817] 1 |7BB678,25
424,134 | 1 |235123,94
425136 | 1 [37388,2
445,109 | 1 |52024,36
845,254 | 1 |105343,52
846,257 | 1 |61833,24
B&7,23 1 12720644
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falnsy Instine of Orgares Chermasiny, Mesoow; Braker AV EP=1 301580 MHz §T50] S1=02K S00=3013K [ =1 T07 ] PW= 128 =1 419 B3
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Qualitative Analysis Report

Data Filename 1619.d Sample Name
Sample Type Sample Position Vial 54
Instrument Name Instrument 1 User Name
Acq Method ACN-H20_60=-40.m Acquired Time  5/31/2021 12:23:00 FM
IRM Calibration Status SlEEESS DA Method 111.m
Comment
Sample Group Info.
Stream Name Lc1 Acquisition SW 6200 series TOF/E500 series
Version Q-TOF B.06.01 (B&172 5P1)
User Chromatograms
w10 2 |VWD1 - A'Wavelength=254 nm 1619.d
9. *3.390

(.8

0.5

(.4 -

0,24

D j
2 25 3 35 4 45 5 55 6 B5 7
Response Units (%) vs. Acquisition Time {min)
Integration Peak List _
Peak Start |RT End Height Area Area Yo |
1 3,23 3,39 3,697 104897 7485,15 IDD|

S43
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LCMS spectrum of compound 3h



Fragmentor Voltage Collision Energy Ionization Mode

191 i} ESI

%10 5 | M-(4-methoxyphenyl)-2-(6-oxo-3-phenyl-1-(p-tolyl)-4.5,6,7-tetrahydro- 1H-pyrazolo[ 3. 4-blpyridin-5-
1751 467 2076

15; o

1.25 4

11 O~

0.75 1 [

o 344 3018 93‘1&98

0.25- :

ol 156.1513 N 566.5811 701 7264 1033.0020

00 200 300 400 500 600 700 800 900 1000 1100
Counts vs, Mass-to-Charge (m/z)

Peak List
myz z |Abund
16,2937 1 |2882,97
344,3018 1 |17158,65
345,3059 1 |3996,81
467,2076 1 |171565,52
4684322 1 |53052,46
469,4357 1 906641
566,5811 1 |5565,62
933,8498 1 |328239
934,854 1 |21052,67
935,8571 1 |7448,22
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Qualitative Analysis Report

Data Filename 1790.d Sample Name
Sample Type Sampla Position Vial 33
Instrument Name Instrument 1 User Name
Acq Method ACN-H20_60-40.m Acquired Time  7/14/2021 3:07:28 PM
IRM Calibration Status SiEESE DA Method 111.m
Comment
Sample Group Info.
Stream Name L1 Acquisition SW 6200 series TOF/G500 serias
Version Q-TOF B.06.01 (B6H17Z 5P1)
User Chromatograms
10 2 |VWD1 - AWavelength=254 nm 1780.d
1 *4.717

.84

(3.6

0.4

0.2

N j
2 25 3 35 4 45 5 56 6 65 7 15
Response Units (%) vs. Acquisition Time (min)
Integration Peak List _
Peak Start  |RT End Height |Area Area %%
1 4,563 4717 4,98 143?,29| 816349 100

S47
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LCMS spectrum of compound 3i



Fragmentor Voltage Collision Energy Ionization Mode
191 i} ESI
x10 5 [N-(3-chloro-4-fluorophenyl)-2-(6-oxo-1-phenyl-3-(p-tolyl)-4 5.6, 7-tetrahydro- 1H-pyrazolo[3 4-blpyri
2 4891486 —
1.754 : #
J £
1.5 e | —, '
1.254 L L
1. A
0.754
0.5 —
0.254 344 1536 — 7.
. - | L 671.3095 J ?%2_33
00 200 300 400 _ 500 600 700 800 900 1000 1100
Counts vs. Mass-to-Charge (miz)
Peak List
myz z [Abund
44,1536 1 |13079,.73
489,1486 1 18487791
4490,1718 1 |55792,55
491,1666 1 |65792,00
492,1689 1 [19139.6
511,1514 1 |8823.,5
977,3288 1 [11314,88
978,3304 1 731202
a749,3267 1 |9857,19
980,3283 1 15173,73
LCMS 3i
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[ Eelinsky Institute of Organie Chemistry, Moscow: Bruker AVEH0 SF=600.13 MHz {TH] SI=3ZK SW=12019 013809 PW=12.0 AQ-0.682 RD=1.00 NS=1 SR=1.28 TE-298K 27 September 2021 Opr: Strelenko Yu.A Prep: L-9784; Solv: DMS0-d6;
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3 Zelmsky listitute of Orgame Chemmstry, Moscow: Bruker AVS0 SF=alil 13 MHz {TH} S1=3ZK SW=12019 O] =38 PW=12.0 AQ=0.652 RD=1.00 N5=1 SK=1.28 TE=298K 27 Seplernber M1 Opr: Strelenko Yo A Prepe L-4TR4: Solv:
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Qualitative Analysis Report

Data Filename 1788.d Sample Name

Sample Type Sample Position Wial 31

Instrument Name Instrument 1 User Name

Acq Method ACN-H20_B0-40.m Acquired Time  7/14/2021 2:41:27 PM

IRM Calibration Status _ DA Method 11l.m

Comment

Sample Group Info.
Stream Name LC1 Acquisition SW 6200 series TOF/E500 serles
Version Q-TOF B.06.01 (BE172 SP1)
User Chromatograms
x10 3 |VWD1 - A:'Wavelength=254 nm 1788.d
*3.917
q -
0.8-
0.5
0.4 -
0.2 J
1]
2 25 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

Response Lnits vs. Acquisition Time (min)

Integration Peak List
Peak Start RT End Hei! ht Area Area %o

1 3,763 3,917 4,157 1061,32 112,32 100

S52

HN/Ph
(0]
/ \ O
A \ N\,—NH
N—N
\

Ph
LCMS spectrum of compound 3;j



Fragmentor Voltage Collision Energy Ionization Mode
191 1] ESIL
%10 5 |2-(6-0x0-1-phenyl-3-(p-tolyl)-4,5.6, /-tetrahydro-1H-pyrazolof3 4-bjpyridin-5-yl)-N-phenylacetamide
4371972
1.2 —
1 -+ —i
] "
0.84 L N
0.64 I s
0.4 ey
0.24 344,1352 8733727
11050848 2421142 | | 5362947 7493703 | . 9724655
100 200 300 400 _S00 600 700 800 00 1000 1100
Counts ve. Mass-to-Charge (mvz)
Peak List
m/z z |Abund
44,1352 1 |15284,29
345,1385 i |420835
437,1972 1 |138499,69
438,1935 1 |42823,87
439,1958 1 |6846, 86
459,1729 1 |15814,7
460, 1768 1 |4972,42
B73,3727 1 |145591,65
874,3756 1 |9331,35
B895,3541 1 [4023 48
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[ Lelmaky Institute of Orgame Chemistry, Moscow. Bruker AVAU0 SF=ald 13 MHz {TH} S[=3ZK SW=12019 O] <4809 PW=12.0 AQ=0631 RD=1.00 N5=1 5E=Z 57 TE=298K 27 Seplember H21 Opr: Strelenko YoA Prope L-37E4 Solv: DMSO-di,
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U felmsky Institue of Organic Chermstry, Moseow: Bruker AV SF-ald 13 MHz {TH} S1=32E SW=12019 O1=450% PW=12.0 AQ=0.683 RO=1.00 NS=1 SR=2.57 TE=298K 27 September 2021 Opr: Sirelenko Yo A Prep: L-9T84: Solv: DMS0—da;
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Qualitative Analysis Report

Data Filename 1837.d Sample Name
Sample Type Sample Position Wial 13 NO,
Instrument Name Instrument 1 User Name HN
Acq Method ACHN-H20_&60-40.m Acquired Time 2072021 12:35:05 PM
IRM Calibration Status SlEEsE Y DA Method 111.m o)
Comment o]
Sample Group Info. 1 X\_—NH
Stream Name LC1 Acquisition SW 6200 series TOF/G500 series N—N
Version Q-TOF B.06.01 (B6172 5P1) “oh
LCMS spectrum of compound 3k
User Chromatograms
«10 3 |VYWD1 - A:'Wavelength=254 nm 1837.d
] Y4 280
7.
1.54
1 -
0.5+
0 ]
2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 '
Response Units vs. Acquisition Time (min)
Integration Peak List ~
Peak Start RT End Height Area Area %
1 4,14 4,28 4,583 2276,65 13682,13 100}
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Fragmentor Voltage Collision Energy Ionization Mode
191 0 ESI
%10 5 |N-(4-nitrophenyl)-2-(6-oxo-1-phenyl-3-(p-tolyl)-4.5.6. 7-tetrahydro- TH-pyrazolo[3.4-blpyndin-5-yl)ac
21 482 1821 -
1.7% - !
."'\. .'r
T-EI- e _'_H" n
125- I'H. I I =
11 R
0.75- =
0.5 o
0.25; e
. 3-44.]12'5 . 5812399 722972 9632798
100 200 300 400 _ 500 700 900 1000 1100
Counts vs. Mass-to-Charge (m/z)
Peak List
my/z z |Abund
316,1206 1 226146
344,1126 1 |8031,42
482,1821 1 |185616,97
483,1473 1 |57403,89
484, 1498 1 110389,05
504,1243 1 |4233.63
581,2399 1 |4942,11
963,2798 1 |3410,86
964,2845 1 |2236,6
985,2624 1 |2453.,66
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C Flinsky Instingy of Ovgares Chemisiny, WMosoos: Bnaker AVGMISP=1 3190 MHz §1530] S1=10K S0=530136 O =TT 1 PW= 128 A= 419 RO=0 00 MS=187 SE=E5 84 TE=Z98K 27 Sopieraher 2002

I P g A

MMR2933TI07

I

s

NO,
HN

pr Swe kmbkon YuoA: Peepe L5785 Salve DM SO0

papy d af

(0]
(0]
1 \ N\, —NH
N—nN
\
| Ph
Bc.NMR spectrum of compound 3k
i |
|
: 1
I ! I
|
1! | , | |
H I I
T T L I T T T T T T T T T T I T T
E i u 3 1] 1] du el u 4 2l u

S59



THFUN P s g

NMR/29337107

[ Lelmsky Institute of Orgamc Chemstry, Moscow, Bruker AVSU0 SF=ol0.13 MHe | LH} S1=32ZK SW=12009 O =480% PW=1Z0 AQ=0.632 RD=1. 00 N3=1 SE=1.54 TE=30K 27 Seplember 2021 Opr Sieelenko Yu AL Preps L4970 Solv: DMS0—di,;
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[ Zelmsky Instituse of Organic Chemistry, Moscow: Bruker AV SF=600.13 MHz {TH} SI=3ZK SW=12019 O1=4809 PW=12.0 AQ=0.652 RD=1.00 N5=1 SK=2.84 TE=300K 27 Seplember 2021 Opr: Sirelenke YuAL: Prep: L-0784; Solv: DMSO—de;
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Qualitative Analysis Report

Data Filename 2130.d Sample Name HN
Sample Type Sample Position Vial 91
Instrument Name Instrument 1 User Name 0
Acq Method ACN-H20_B0-40.m Acquired Time  11/25/2021 4:22:08 PM
IRM Calibration Status EUEEESS DA Method iil.m 0
Comment
Sample Group Infa. \ N\, —NH
Stream Name LC1 Acquisition SW 6200 series TOF/6500 series N—N

Version Q-TOF B.06.01 (B&172 5F1) \

Ph

User Chromatograms

LCMS spectrum of compound 3|

x10 3 VWD - AcWavelength=254 nm 2130.d
3
1.54
14

0.51

2 25 3 35 4 4.5 5

55

6 6.5 7 7.5

Response Units vs. Acquisition Time (min)

Integration Peak List

Peak |Start |RT End Height Area

Area %

1 1,69 1.813 205 2140.17 11489.25

100
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User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
191 1] ESI

%105 2-(3-methyl-G-oxo-1-phenyl-4,5,6, 7-tetrahydro-1H-pyrazolo(3,4-b]pyridin-5-y1)-M-phenylacetamide:...

3.5 361,1660 L
3 ",
25, _{
= d e
1.5+ '._" s
1-

0.5 268.1586 743.4418 L)
0 | 460.3563 | 915.5553 1103 .LEEED

100 200 300 400 500  B0O0 700 800 900 1000 1100
Counts vs, Mass-to-Charge (mi'z)

Peak List

m/z z [Abund
2401588 1 |9152.57
268.1586 1 |47275.59
361.1660 1 |334865.94
a62.2365 1 |79458.05
363.2386 1 [11070.13
383.2194 1 |32310.91
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O elmsky Institute of Orgame Chempstry, Moscow: Bruker XWIND SF=<125.76 MHz {1307 Sl=Z56R SW=30IT O1=1I575 PW=14.5 AQ= 108 RD=080 Nis=I848 3R=—7.79 TE=IU9K 21 March 2022 Opr. Fakhrutdines AN Sely: DMSU—d6;
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3 Lelmsky Institute of Organde Chemistry, Moscow: Bruker DEXS00 SF=500.13 MHz [TH} SI=64K SW=10000 O 1=3088 PW=15.0 AQ=-2.493 BD=0.10 N5~1 SR=3.00 TE=290K 21 March 2022 Opr: Fakhrutdinoy AN Salv: CDCT3
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L Lelmsky Tistitute IJrUl’!:iIIIiI: Chenmstry, Moscow, Bruker DEXS00 SF=500.13 MHz {TH} SI1=12Z5K W= 100000 O] =<MESE PW =150 AQ=2.4%5 RD=0,10 N5=1 SE=300 TE=Z% 21 March 2022 Opr: Fakhraldinoy AN Solv: COCIE,
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