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1. General information
Salicylaldehydes, alkynes and TBHP were procured from Sigma-Aldrich. Benzaldehydes,
acetophenones, phenylhydrazines, acetic acid, Cu(OAc), and solvents were procured from
the local suppliers. All the reactions were monitored by thin layer chromatography (TLC) on
pre-coated silica gel 60 F254 (mesh); spots were visualized under UV light. Melting points
were determined in open glass capillary tubes on a Stuart melting point apparatus and are
uncorrected. Merck silica gel (60-120 mesh) was used for column chromatography. 'H-NMR
and BC-NMR spectra were recorded on an Avance 300, 400, 500 MHz spectrometers in
CDCls, DMSO-ds using TMS as internal standard. FT-IR spectra were recorded on Nicollet
Nexus 670 FT spectrometer. ESI-MS obtained on quarto micro spectrometer. HRMS were
measured on Agilent Technologies 6510, Q-TOFLC/MS ESI-Technique.
2. General procedure for the preparation of pyrazolines (3a-0): Glacial acetic acid (0.12
mL, 1.0 equiv.) was added to a stirred solution of (E)-4-phenylbut-3-en-2-one (1a, 0.300 g,
1.0 equiv.) and phenylhydrazine hydrochloride (2a, 0.355 g, 1.2 equiv.) in anhydrous
methanol (5 mL) at room temperature. The reaction mixture was stirred at 60 °C (Oil bath)
and monitored by TLC. After completion of the reaction (TLC, 3 h), the solvent was removed
under reduced pressure and the reaction mixture was subjected for the column
chromatography purification using silica gel (60:120, ethyl acetate/hexane 2:98) afforded the
3-methyl-1,5-diphenyl-4,5-dihydro-1H-pyrazole 3a (0.46 g) as pale yellow solid in 90%
yield. The pyrazolines 3b-e were prepared from 4-phenylbut-3-en-2-one 1a with substituted
phenylhydrazine hydrochlorides 2a-e under above optimized conditions.

Another set of pyrazoline compounds 3f-o were prepared from but-3-en-2-one 1b,
chalcone 1¢, with substituted phenylhydrazine hydrochlorides 2a-h under above optimized

conditions. The prepared pyrazolines 3a-0 are known and compared with the literature data.!
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Structures of pyrazolines (3a-0):!

/ N
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2e R%2=4-Br

2f R%2=2-CH,4

2g RZ=3-Cl

2h R?= 3-Br
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3a, 91% 3b, 92% 3¢, 94% 3d, 93% 3e, 86%

3k, 90% 31, 92% 3m, 72% 3n, 69% 30, 76%
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3. General procedure for the preparation of 1H-pyrazole (3fa):' Cu(OAc), (0.011 g, 10
mol%) was added to a stirred solution of 4,5-dihydro-1H-pyrazole (3f, 0.1 g, 1.0 equiv.) in
acetonitrile (4 mL) at room temperature. TBHP (70% solution, 0.28 mL, 5.0 equiv.) was
added to the reaction mixture simultaneously. The reaction mixture was monitored by TLC
and after completion of the reaction (TLC, 10 min), the solvent was removed under reduced
pressure. The product was purified by column chromatography using silica gel (60:120, ethyl
acetate/hexane 2:98) afforded 1H-pyrazole 3fa (0.09 g) as colourless solid in 95% yield.
3-Methyl-1-phenyl-1H-pyrazole (3fa):

'H-NMR (500 MHz, CDCls): 6 7.74 (d, J = 2.2 Hz, 1H, aromatic), 7.57 (dd, J = 8.6, 1.0 Hz,
2H, aromatic), 7.35 (dd, J = 8.4, 7.6 Hz, 2H, aromatic), 7.18 (d, J = 8.3 Hz, 1H, aromatic),
6.17 (d, J = 2.2 Hz, 1H, aromatic), 2.31 (s, 3H, CH3) ppm. *C-NMR (126 MHz, CDCl;):
150.95, 138.79, 131.29, 129.46, 127.32, 119.89, 107.97, 13.77 ppm.

4. General procedure for the preparation of 1H-pyrazole-4,5-dicarboxylates (5a-t): 3-
Methyl-1-phenyl-4,5-dihydro-1H-pyrazole (3a, 0.100 g, 1.0 equiv.) and diethyl but-2-
ynedioate (4a, 0.075 g, 1.0 equiv.) were heated at 120 °C. The reaction mixture was
monitored by TLC and after completion of reaction (TLC, 28 h), the residue was purified by
column chromatography by using silica gel (60:120, ethyl acetate/hexane 3:97) afforded
diethyl 3-methyl-1-phenyl-1H-pyrazole-4,5-dicarboxylate Sa (0.087 g) as pale yellow solid in
69% yield. The other pyrazoledicarboxylates Sbh-t were prepared from pyrazolines 3b-o0 with
activated alkynes 4a-b under above optimized conditions.

Diethyl 3-methyl-1-phenyl-1H-pyrazole-4,5-dicarboxylate (5a):

o

N/N
| ) —COxCzHs
H3C

CO,C,Hs

Yield: 69% (89 mg), pale yellow solid; M.P: 216-218 °C; 'H NMR (500 MHz, CDCls): ¢
7.48 (d, J = 7.2 Hz, 2H, aromatic), 7.47-7.38 (m, 3H, aromatic), 4.34-4.27 (m, 4H, 20CH,),
2.53 (s, 3H, CH3), 1.34 (t,J = 7.1 Hz, 3H, CH3), 1.23 (t,J= 7.1 Hz, 3H, CH3) ppm. *C NMR
(126 MHz, CDCl;): 6 162.46, 161.11, 151.09, 138.82, 137.85, 129.13, 128.63, 123.79,
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113.01, 62.44, 60.40, 14.09, 13.65, 13.33 ppm. FT-IR (KBr): 2952, 1733, 1499, 1266 cm’!.
MS-ESI: (m/z) 303 [M+H]"; HRMS-ESI: caled for C;sH9N,O, [M+H]" 303.1345; found
303.1347.

Dimethyl 3-methyl-1-phenyl-1H-pyrazole-4,5-dicarboxylate (5b):

O

N/N
| / COQCH?,

H3C

CO,CH3

Yield: 86% (100 mg), pale yellow liquid; "H NMR (400 MHz, CDCls): 6 7.48 (d, J= 6.8 Hz,
2H, aromatic), 7.46-7.39 (m, 3H, aromatic), 3.85 (s, 6H, 20CH3), 2.53 (s, 3H, CH;) ppm. 13C
NMR (101 MHz, CDCly): 6 162.98, 161.68, 151.15, 138.81, 137.63, 129.28, 128.74, 123.68,
113.10, 53.25, 51.69, 13.42 ppm. FT-IR (KBr): 1777, 1714, 1304, 1215 cm'. MS-ESI: (m/z)
275 [M+H]"; HRMS-ESI: caled for C14H5N,O4 [M+H]* 275.1032; found 275.1032.

Diethyl 3-methyl-1-p-tolyl-1H-pyrazole-4,5-dicarboxylate (5c):

CHs

>

Nn-N
| ) —CO.CoHs

H3C

CO,C,Hs

Yield: 78% (99 mg), pale yellow solid; M.P: 251-253 °C; '"H NMR (400 MHz, CDCl;): ¢
7.35 (d, J = 8.4 Hz, 2H, aromatic), 7.23 (d, J = 8.1 Hz, 2H, aromatic), 4.31 (qd, J = 7.1, 2.1
Hz, 4H, 20CHy,), 2.52 (s, 3H, CH3), 2.39 (s, 3H, CH3), 1.34 (t, /= 7.1 Hz, 3H, CH;), 1.24 (t,
J=17.1 Hz, 3H, CH3) ppm. *C NMR (101 MHz, CDCl;): ¢ 162.47, 161.17, 150.86, 138.66,
137.77, 136.37, 129.63, 123.60, 112.71, 62.35, 60.31, 20.97, 14.07, 13.66, 13.29 ppm. FT-IR
(KBr): 2959, 1734, 1501, 1266 cm’'. MS-ESI: (m/z) 317 [M+H]"; HRMS-ESI: calcd for
C17H,1N,O4 [M+H]* 317.1501; found 317.1502.
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Dimethyl 3-methyl-1-p-tolyl-1H-pyrazole-4,5-dicarboxylate (5d):

CHj3

o

N’N
| Y/ COQCHg
Hs;C

CO,CH;

Yield: 84% (97 mg), pale yellow solid; M.P: 179-182 °C; '"H NMR (500 MHz, CDCl;): ¢
7.34 (d, J = 8.4 Hz, 2H, aromatic), 7.24 (d, J = 8.0 Hz, 2H, aromatic), 3.85 (s, 3H, OCH,),
3.85 (s, 3H, OCH3), 2.52 (s, 3H, CHj3), 2.39 (s, 3H, CH;) ppm. *C NMR (126 MHz, CDCl;):
0 163.06, 161.80, 151.00, 138.89, 137.64, 136.44, 129.87, 123.58, 112.89, 53.26, 51.69,
21.12, 13.45 ppm. FT-IR (KBr): 2983, 1764, 1717, 1254, 1221, 1100, 762 cm'. MS-ESI:
(m/z) 289 [M+H]*"; HRMS-ESI: caled for CsH;7N,O4 [M+H]* 289.1188; found 289.1190.
Diethyl 1-(4-methoxyphenyl)-3-methyl-1H-pyrazole-4,5-dicarboxylate (Se):

OCH,

N-N
| ) —CO,CzHs

HaC
CO,C,Hs

Yield: 75% (94 mg), pale yellow solid; M.P: 278-280 °C; 'H NMR (300 MHz, CDCls): ¢
7.39 (d, J = 8.9 Hz, 2H, aromatic), 6.94 (d, J = 8.9 Hz, 2H, aromatic), 4.30 (qd, J = 7.1, 3.3
Hz, 4H, 20CH,), 3.84 (s, 3H, OCH3), 2.52 (s, 3H, CH3), 1.34 (t, J = 7.1 Hz, 3H, CH;), 1.24
(t, J=17.1 Hz, 3H, CH3) ppm. *C NMR (76 MHz, CDCls): J 162.63, 161.24, 159.80, 150.87,
138.03, 132.02, 125.54, 114.29, 112.66, 62.47, 60.45, 55.54, 14.22, 13.84, 13.40 ppm. FT-IR
(KBr): 2962, 1739, 1699, 1266, 1213 cm-'. MS-ESI: (m/z) 333 [M+H]*"; HRMS-ESI: calcd
for Cy7H,1N,Os [M+H]* 333.1450; found 333.1455.
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Dimethyl 1-(4-methoxyphenyl)-3-methyl-1H-pyrazole-4,5-dicarboxylate (5f):

OCH,

N’N
| Y/ COzCH3

HsC
CO,CH;

Yield: 78% (89 mg), pale yellow solid; M.P: 206-208 °C; '"H NMR (500 MHz, CDCl;): ¢
7.30 (d, J = 9.0 Hz, 2H, aromatic), 6.86 (d, J = 9.0 Hz, 2H, aromatic), 3.76 (s, 6H, 20CH3),
3.75 (s, 3H, OCHj3), 2.43 (s, 3H, CH;) ppm. 3C NMR (126 MHz, CDCl;): 6 163.09, 161.73,
159.82, 150.87, 137.74, 131.94, 125.39, 114.38, 112.70, 55.54, 53.25, 51.69, 13.43 ppm. FT-
IR (KBr): 2983, 1778, 1717, 1254, 1221, 1210, 1100, 762 cm™!'. MS-ESI: (m/z) 305 [M+H]";
HRMS-ESI: calcd for C1sH;7N,O5 [M+H]* 305.1137; found 305.1142.

Diethyl 1-(4-chlorophenyl)-3-methyl-1H-pyrazole-4,5-dicarboxylate (5g):

Cl

o

N/N
| )—CO,CoHs
HaC

CO,C5Hs

Yield: 71% (88 mg), pale yellow liquid; '"H NMR (500 MHz, CDCls): 6 7.50 (d, J = 8.8 Hz,
2H, aromatic), 7.30 (d, J = 8.8 Hz, 2H, aromatic), 4.27-4.21 (m, 4H, 20CH,), 2.44 (s, 3H,
CH;), 1.26 (t,J = 7.1 Hz, 3H, CH3), 1.19 (t, J= 7.2 Hz, 3H, CH3) ppm. 3C NMR (126 MHz,
CDCl): 0 162.44, 161.08, 151.44, 137.87, 137.45, 134.60, 129.43, 125.14, 113.56, 62.74,
60.63, 14.22, 13.84, 13.42 ppm. FT-IR (KBr): 2862, 1785, 1491, 1268 cm'!. MS-ESI: (m/z)
337 [M+H]"; HRMS-ESI: calcd for C;¢HsN,O4Cl [M+H]* 337.0955; found 337.0958.
Dimethyl 1-(4-chlorophenyl)-3-methyl-1H-pyrazole-4,5-dicarboxylate (5h):

Cl

o

N/N
| / CO2CH3

HsC
CO,CH,

Yield: 79% (90 mg), pale yellow liquid; 'H NMR (400 MHz, CDCls): 6 7.42 (s, 4H,
aromatic), 3.87 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 2.51 (s, 3H, CH3) ppm. 3C NMR (101

S8



MHz, CDCl): 0 162.79, 161.45, 151.33, 137.52, 137.28, 134.57, 129.43, 124.92, 113.49,
53.33, 51.73, 13.36 ppm. FT-IR (KBr): 1751, 1725, 1712, 1223, 1100, 763 c¢cm™'. MS-ESI:
(m/z) 309 [M+H]"; HRMS-ESI: caled for C14H14N,O4Cl [M+H]* 309.0642; found 309.0645.
Diethyl 1-(4-bromophenyl)-3-methyl-1H-pyrazole-4,5-dicarboxylate (5i):

Br

>

N/N
| ) —COCsHs
HsC

CO,CoH;5

Yield: 79% (96 mg), pale yellow solid; M.P: 196-198 °C; 'H NMR (500 MHz, CDCly): ¢
7.50 (d, J = 8.8 Hz, 2H, aromatic), 7.30 (d, J = 8.8 Hz, 2H, aromatic), 4.27-4.21 (m, 4H,
20CH,), 2.44 (s, 3H, CH3), 1.26 (t, /= 7.1 Hz, 3H, CH3), 1.19 (t, J= 7.1 Hz, 3H, CH3) ppm.
13C NMR (126 MHz, CDCls): ¢ 162.40, 161.07, 151.46, 137.94, 137.81, 132.40, 125.35,
122.53, 113.60, 62.75, 60.63, 14.22, 13.84, 13.42 ppm. FT-IR (KBr): 2960, 1734, 1489, 1279
cml, MS-ESI: (m/z) 381 [M+H]"; HRMS-ESI: caled for C;H sN,O4Br [M+H]" 381.0450;
found 381.0451.

Dimethyl 1-(4-bromophenyl)-3-methyl-1H-pyrazole-4,5-dicarboxylate (5j):

Br

O

N/N
| / COZCH3

HsC
CO,CH;

Yield: 69% (78 mg), pale yellow solid; M.P: 136-138 °C; 'H NMR (500 MHz, CDCIls): ¢
7.58 (d, J = 8.8 Hz, 2H, aromatic), 7.36 (d, J = 8.8 Hz, 2H, aromatic), 3.87 (s, 3H, OCHs),
3.86 (s, 3H, OCH,), 2.51 (s, 3H, CH;) ppm. 3C NMR (126 MHz, CDCls): 6 162.84, 161.51,
151.43, 137.82, 137.53, 32.46, 125.20, 122.60, 113.59, 53.40, 51.79, 13.41 ppm. FT-IR
(KBr): 2952, 1769, 1743, 1496, 1263, 1041 cm'. MS-ESI: (m/z) 353 [M+H]"; HRMS-ESI:
calcd for C14H4N,O4Br [M+H]* 353.0137; found 353.0138.
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Diethyl 1,3-diphenyl-1H-pyrazole-4,5-dicarboxylate (5k):

O

N|/’j CO,C,Hs
Yield: 72% (88 mg), pale yellow solid; M.P: 52-54 °C; '"H NMR (400 MHz, CDCl;): ¢ 7.75
(d, J = 1.7 Hz, 2H, aromatic), 7.53 (d, J = 1.5 Hz, 2H, aromatic), 7.50-7.39 (m, 6H,
aromatic), 4.30 (qd, J = 7.1, 3.3 Hz, 4H, 20CH,), 1.27 (t, J = 7.1 Hz, 3H, CH;), 1.24 (t, J =
7.2 Hz, 3H, CH;) ppm. *C NMR (101 MHz, CDCl3): 6 162.98, 160.19, 151.99, 139.20,
137.11, 131.50, 129.18, 129.12, 128.89, 128.74, 128.15, 124.79, 114.37, 62.45, 61.19, 14.02,
13.82 ppm. FT-IR (KBr): 1716, 1702, 1523, 1489, 1440, 1261, 1227, 1143, 1099, 1011 cm’!.
MS-ESI: (m/z) 365 [M+H]"; HRMS-ESI: calcd for C;;HyN,O4 [M+H]* 365.1501; found

365.1498.
Dimethyl 1,3-diphenyl-1H-pyrazole-4,5-dicarboxylate (51):

Yield: 74% (83 mg), Colourless solid; M.P: 122-124 °C; 'H NMR (400 MHz, CDCl;): 6 7.75
(d, J = 8.0 Hz, 2H, aromatic), 7.53 (d, J = 1.5 Hz, 2H, aromatic), 7.51-7.45 (m, 3H,
aromatic), 7.45- 7.39 (m, 3H, aromatic), 3.86 (s, 3H, OCH3), 3.83 (s, 3H, OCH;) ppm. 13C
NMR (101 MHz, CDCly): 6 170.16, 169.27, 143.66, 143.54, 131.09, 129.23, 129.03, 128.58,
126.31, 120.33, 113.30, 65.82, 55.67, 53.23, 53.11 ppm. FT-IR (KBr): 1728, 1725, 1522,
1489, 1442, 1265, 1227, 1150, 1098, 1019 cm!'. MS-ESI: (m/z) 337 [M+H]"; HRMS-ESI:
calcd for C19H7N,O4 [M+H]* 337.1188; found 337.1186.

Diethyl 2-phenyl-1-(o-tolyl)-1H-pyrazole-4,5-dicarboxylate (Sm):

_N CHj;

N
| ) —C0.CoHs
CO,C,H5
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Yield: 82% (100 mg), pale yellow solid; M.P: 182-184 °C; '"H NMR (400 MHz, CDCly): ¢
7.76 (d, J = 1.5 Hz, 2H, aromatic), 7.40 (ddd, J = 10.1, 7.0, 3.9 Hz, 4H, aromatic), 7.34 (s,
1H, aromatic), 7.32-7.27 (m, 2H, aromatic), 4.34 (q, J = 7.1 Hz, 2H, OCH,), 4.19 (q, J = 7.1
Hz, 2H, OCH,), 2.17 (s, 3H, CHj3), 1.30 (t, J = 7.1 Hz, 3H, CHj3), 1.12 (t, J = 7.1 Hz, 3H,
CH3) ppm. *C NMR (101 MHz, CDCls): 6 163.61, 159.12, 151.10, 138.53, 137.04, 135.82,
131.53, 130.85, 129.93, 128.81, 128.51, 128.26, 127.35, 126.39, 114.34, 61.98, 61.39, 17.42,
14.04, 13.71 ppm. FT-IR (KBr): 1714, 1705, 1587, 1479, 1450, 1211, 1237, 1150, 1098,
1012, cm''. MS-ESI: (m/z) 379 [M+H]"; HRMS-ESI: caled for C,,H,3sN,O, [M+H]*
379.1658; found 379.1653.

Dimethyl 2-methyl-1-0-tolyl-1H-pyrazole-4,5-dicarboxylate (Sn):

; CH,

N|/’j CO,CHj
Yield: 75% (84 mg), pale yellow solid; M.P: 168-170 °C; 'H NMR (400 MHz, CDCl;): ¢
7.76 (d, J = 7.9 Hz, 2H, aromatic), 7.46-7.36 (m, 4H, aromatic), 7.34 (s, 1H, aromatic), 7.30
(d, J = 0.7 Hz, 2H, aromatic), 3.86 (s, 3H, OCH3), 3.75 (s, 3H, OCHj;), 2.16 (s, 3H, CH,)
ppm. 3C NMR (101 MHz, CDCl): 6 164.13, 159.55, 151.03, 138.33, 136.53, 135.67,
131.33, 130.92, 129.98, 128.88, 128.74, 128.36, 127.19, 126.44, 114.14, 52.88, 52.42, 17.40
ppm. FT-IR (KBr): 1730, 1725, 1532, 1499, 1432, 1256, 1232, 1148, 1088, 1020 cm™!. MS-

ESI: (m/z) 351 [M+H]"; HRMS-ESI: caled for Cy)H;9N,O, [M+H]" 351.1345; found
351.1344.

Diethyl 1-(4-methoxyphenyl)-3-phenyl-1H-pyrazole-4,5-dicarboxylate (50):

OCH,

N’N
| ) —CO,CsHs
CO,CoHs

Yield: 69% (83 mg), pale yellow liquid; '"H NMR (400 MHz, CDCls): 6 7.75 (d, J = 8.0 Hz,
2H, aromatic), 7.45 (d, J = 9.0 Hz, 2H, aromatic), 7.44-7.38 (m, 3H, aromatic), 6.97 (d, J =
9.0 Hz, 2H, aromatic), 4.30 (qd, J = 7.1, 3.2 Hz, 4H, 20CH,), 3.85 (s, 3H, OCH3), 1.29-1.23
(t, 6H, 2CHj3) ppm. 13C NMR (101 MHz, CDCls): 6 163.09, 160.17, 160.03, 151.63, 137.05,
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132.25, 131.57, 128.84, 128.78, 128.13, 126.33, 114.20, 114.04, 62.35, 61.14 55.61, 14.02,
13.89 ppm. FT-IR (KBr): 2925, 1775, 1358, 1275, 1223, 1210, 1156, 780 cm. MS-ESI:
(m/z) 395 [M+H]*; HRMS-ESI: calcd for C,,Hp3N,05 [M+H]™ 395.1600; found 395.1600.
Dimethyl 1-(4-methoxyphenyl)-3-phenyl-1H-pyrazole-4,5-dicarboxylate (5p):

OCH;

NH} CO,CH3
Yield: 73% (82 mg), pale yellow liquid; '"H NMR (400 MHz, CDCl;): 6 7.74 (d, J = 5.9 Hz,
2H, aromatic), 7.43 (s, 2H, aromatic), 7.41 (m, 3H, aromatic), 6.97 (d, J = 8.9 Hz, 2H,
aromatic), 3.84 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 3.82 (s, 3H, OCHj3) ppm. *C NMR (101
MHz, CDCl;): ¢ 163.56, 160.69, 160.06, 151.71, 136.86, 132.13, 131.47, 128.88, 128.79,
128.22, 126.16, 114.29, 113.89, 55.60, 53.14, 52.19 ppm. FT-IR (KBr): 2935, 1780, 1305,
1254, 1265, 1290, 1145 cm!. MS-ESI: (m/z) 367 [M+H]"; HRMS-ESI: calcd for CyoH{9N,O5
[M+H]* 367.1325; found 367.1324.

Diethyl 1-(3-chlorophenyl)-3-methyl-1H-pyrazole-4,5-dicarboxylate (5q):

Cl

N|/’j CO,CHs
Yield: 70% (85 mg), pale yellow liquid; '"H NMR (400 MHz, CDCls): ¢ 7.74 (ddd, J = 8.2,
5.5, 3.0 Hz, 2H, aromatic), 7.60 (dd, J = 2.5, 1.4 Hz, 1H, aromatic), 7.45-7.40 (m, 6H,
aromatic), 4.35 (q, J = 7.1 Hz, 2H, OCH,), 4.30 (q, J = 7.1 Hz, 2H, OCH,), 1.29 (t, J= 7.1
Hz, 3H, CH3), 1.27 (t, J = 7.1 Hz, 3H, CH3) ppm. 3C NMR (101 MHz, CDCls): J 162.84,
159.90, 152.22, 140.07, 136.95, 134.84, 131.23, 130.12, 129.20, 129.04, 128.81, 128.23,
125.13, 122.86, 115.00, 62.65, 61.33, 14.01, 13.87 ppm. FT-IR (KBr): 1715, 1744, 1568,
1470, 1340, 1311, 1247, 1120, 1078, 1024, 749, 692 cm’!. MS-ESI: (m/z) 399 [M+H]";
HRMS-ESI: calcd for C,;H,0N,O4Cl [M+H]" 399.1112; found 399.1109.
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Dimethyl 1-(3-chlorophenyl)-3-phenyl-1H-pyrazole-4,5-dicarboxylate (5r):

Cl

N’N
| / COZCHS
CO,CHs

Yield: 64% (71 mg), pale yellow liquid; '"H NMR (400 MHz, CDCls): 6 7.72 (d, J = 1.8 Hz,
2H, aromatic), 7.60 (d, J = 0.9 Hz, 1H, aromatic), 7.45-7.40 (m, 6H, aromatic), 3.89 (s, 3H,
OCHj3), 3.83 (s, 3H, OCH3) ppm. *C NMR (101 MHz, CDCls): 6 163.31, 160.38, 152.25,
139.96, 136.67, 134.97, 131.10, 130.13, 129.29, 129.11, 128.73, 128.30, 125.10, 122.67,
114.81, 53.31, 52.31 ppm. FT-IR (KBr): 1736, 1719, 1529, 1479, 1453, 1268, 1223, 1156,
1098, 1019, 789, 757, 688 cm'!. MS-ESI: (m/z) 371 [M+H]*; HRMS-ESI: calcd for
C19H16N,04C1 [M+H]* 371.0799; found 371.0795.

Diethyl 1-(3-bromophenyl)-3-phenyl-1H-pyrazole-4,5-dicarboxylate (Ss):

QBr

N/N
| Y/ 002C2H5
CO,CoH5

Yield: 65% (76 mg), pale yellow liquid; '"H NMR (400 MHz, CDCls): 6 7.74 (d, J = 1.9 Hz,
2H, aromatic), 7.73 (s, 1H, aromatic), 7.58 (ddd, J = 8.0, 1.7, 0.9 Hz, 1H, aromatic), 7.49
(ddd, J= 8.1, 2.0, 0.9 Hz, 1H, aromatic), 7.42 (dt, J = 6.9, 2.0 Hz, 3H, aromatic), 7.34 (t, J =
8.0 Hz, 1H, aromatic), 4.35 (q, J = 7.1 Hz, 2H, OCH,;), 4.30 (q, /= 7.1 Hz, 2H, OCH,), 1.30
(t, J=17.1 Hz, 3H, CH3), 1.27 (t, J = 7.1 Hz, 3H, CH;) ppm. *C NMR (101 MHz, CDCl): 6
161.79, 158.83, 151.18, 139.09, 135.88, 131.07, 130.15, 129.30, 127.99, 127.75, 127.18,
126.90, 122.29, 121.49, 113.95, 61.61, 60.28, 12.96, 12.84 ppm. FT-IR (KBr): 1720, 1709,
1577, 1468, 1444, 1221, 1247, 1152, 1091, 1055 cm™'. MS-ESI: (m/z) 443 [M+H]"; HRMS-
ESI: calcd for C,HyoN,O4Br [M+H]* 443.0606; found 443.0602.
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Dimethyl 1-(3-bromophenyl)-3-phenyl-1H-pyrazole-4,5-dicarboxylate (5t):

Qar

Nf’\} CO,CH3
Yield: 80% (88 mg), pale yellow liquid; '"H NMR (500 MHz, CDCl3): 6 7.75 (d, J = 3.8 Hz,
2H, aromatic), 7.72 (d, J = 1.7 Hz, 1H, aromatic), 7.59 (ddd, J = 8.0, 1.8, 1.0 Hz, 1H,
aromatic), 7.49-7.40 (m, 4H, aromatic), 7.35 (t, J = 8.0 Hz, 1H, aromatic), 3.89 (s, 3H,
OCHs), 3.83 (s, 3H, OCHj3) ppm. 13C NMR (126 MHz, CDCl;): § 163.30, 160.36, 152.25,
140.03, 136.65, 132.20, 131.08, 130.35, 129.11, 128.72, 128.30, 127.93, 123.13, 122.66,
114.81, 53.30, 52.31 ppm. FT-IR (KBr): 1721, 1730, 1529, 1496, 1451, 1266, 1268, 1152,

1099, 1010, 786, 758, 689 cm'!. MS-ESI: (m/z) 415 [M+H]*; HRMS-ESI: calcd for
C19HN,O4Br [M+H]* 415.0293; found 415.0291.

5. Gram-scale synthesis of pyrazoledicarboxylates (5b, 5Sm & 5t):

a) Preparation of Sbh: 3-Methyl-1,5-diphenyl-4,5-dihydro-1H-pyrazole (3a, 1.0 g, 1.0 equiv.)
and dimethyl but-2-ynedioate (4b, 0.600 g, 1.0 equiv.) were heated at 120 °C. The column
chromatography purification afforded dimethyl 3-methyl-1-phenyl-1H-pyrazole-4,5-
dicarboxylate 5a (0.96 g) as pale yellow liquid in 82% yield.

b) Preparation of Sm: 3,5-Diphenyl-1-o-tolyl-4,5-dihydro-1H-pyrazole (31, 1.0 g, 1.0
equiv.) and diethyl but-2-ynedioate (4a, 0.544 g, 1.0 equiv.) were heated at 120 °C. The
column chromatography purification afforded diethyl 3-phenyl-1-o-tolyl-1H-pyrazole-4,5-
dicarboxylate 5m (0.97 g) as pale yellow solid in 80% yield.

¢) Preparation of 5t: 1-(3-bromophenyl)-3,5-Diphenyl-4,5-dihydro-1H-pyrazole (30, 1.0 g,
1.0 equiv.) and dimethyl but-2-ynedioate (4b, 0.376 g, 1.0 equiv.) were heated at 120 °C. The
column chromatography purification afforded dimethyl 1-(3-bromophenyl)-3-phenyl-1H-
pyrazole-4,5-dicarboxylate 5t (0.84 g) as pale yellow liquid in 78% yield.

6. General procedure for the preparation of 2-(1,5-diphenyl-4,5-dihydro-1H-pyrazol-3-
yl)phenol (7a-j): Glacial acetic acid (0.12 mL, 1.0 equiv.) was added to a stirred solution of
(E)-3-(2-hydroxyphenyl)-1-phenylprop-2-en-1-one  (6a, 0.200 g, 1.0 equiv.) and
phenylhydrazine hydrochloride (2a, 0.154 g, 1.2 equiv.) in anhydrous methanol (5 mL) at
room temperature. The reaction mixture was stirred at 60 °C (Oil bath) and the reaction was

monitored by TLC. After completion of the reaction (5 h), the solvent was removed under
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reduced pressure and the reaction mixture was subjected for the column chromatography
purification using silica gel (60:120, ethyl acetate/hexane 2:98) afforded the 2-(1,5-diphenyl-
4,5-dihydro-1H-pyrazol-3-yl)phenol 7a (0.205 g) as colourless solid in 73% yield.

The compounds 7b-j were prepared from substituted 2-hydroxychalcones 6a-f with 2a
and 6a with 2b, 2d, 2h-i under above optimized conditions. The known pyrazolines 7a-e, 7g

are compared with the reported data and unknown compounds 7f, 7h-j are characterized by

spectral data and depicted below.

Structures of substituted 2-(1,5-diphenyl-4,5-dihydro-1H-pyrazol-3-yl)phenols (7a-e, 7g):

1

= R
/ K
NHNH, HCI _—
N X Glc.AcOH
R~ + R MeOH, 60 °C
Z oH o
6a-f 2a-b, 2d, 2h-i
6aR=H 2aR'=H
6b R = 5-CH, 2b R'" = 4-CHj
6¢c R = 5-OCH; 2d R' = 4-CI
6d R = 3-OCH3 2h R"=3-Br
6e R = 5-Cl 2i R" = 2,4-dichloro
6f R =5-Br

(Ta, 73%) (b, 67%)° (Tc, 67%)°

(7d, 71%)° (Te, 79%)° (79, 71%)*
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4-Bromo-2-(1,5-diphenyl-4,5-dihydro-1H-pyrazol-3-yl)phenol (7f):

O
-N
“ o~

OH
Yield: 71% (180 mg), pale yellow solid; M.P: 176-178 °C; 'H NMR (400 MHz, CDCly): ¢
7.74 (dd, J = 7.9, 1.7 Hz, 2H, aromatic), 7.44-7.39 (m, 2H, aromatic), 7.39 (s, 1H, aromatic),
7.19 (ddd, J=9.5, 7.2, 5.4 Hz, 2H, aromatic), 7.14 (d, J = 7.2 Hz, 2H, aromatic), 7.11 (d, J =
9.1 Hz, 2H, aromatic), 6.93-6.85 (m, 2H, aromatic), 5.18 (t, /= 10.8 Hz, 1H, CH), 3.81 (dd, J
=17.1, 11.6 Hz, 1H, CH), 3.25 (dd, J = 17.1, 10.1 Hz, 1H, CH) ppm. 3C NMR (101 MHz,
CDCl): 0 154.57, 141.08, 131.31, 130.19, 129.36, 129.14, 128.71, 128.26, 126.98, 125.91,
123.62, 123.12, 119.98, 116.98, 67.01, 40.73 ppm. FT-IR (KBr): 3452, 2380, 1724, 1588,
1495, 1318, 1099, 1033, 984, 758 cm!. MS-ESI: (m/z) 393 [M+H]*"; HRMS-ESI: calcd for
C,1HsBrN,O [M+H]* 393.0132; found 393.0129.
%-(1,5-diphenyl-1,5-dihydro-1H—pyrazol-3-yl)-S-Methoxyphenol (7h):

)
| O OH
Yield: 79% (213 mg), pale yellow solid; M.P: 170-172 °C; '"H NMR (400 MHz, CDCly): ¢
7.76 (d, J = 8.1 Hz, 2H, aromatic), 7.45-7.38 (m, 3H, aromatic), 7.21 (ddd, J=9.5, 7.2, 5.4
Hz, 2H, aromatic), 7.16 (d, J = 7.2 Hz, 2H, aromatic), 7.13 (d, J = 9.1 Hz, 2H, aromatic),
6.95-6.87 (m, 2H, aromatic), 5.20 (t, /= 10.8 Hz, 1H, CH), 3.83 (dd, /= 17.1, 11.6 Hz, 1H,
CH), 3.27 (dd, J = 17.1, 10.1 Hz, 1H, CH) ppm. *C NMR (101 MHz, CDCl3): ¢ 154.30,
140.76, 130.97, 130.35, 129.89, 129.05, 127.93, 126.66, 125.59, 123.33, 122.70, 119.65,
116.72, 115.34, 103.97, 66.87, 40.40 ppm. FT-IR (KBr): 3466, 2395, 1724, 1588, 1495,
1318, 1243, 1033, 984, 757 cm’'. MS-ESIL: (m/z) 349 [M+H]"; HRMS-ESI: calcd for
C,1HgCIN,O [M+H]" 349.1106; found 349.1102.
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2-(1-(2,4-dichlorophenyl)-5-phenyl-4,5-dihydro-1H-pyrazol-3-yl)Phenol (7i):

(Lo

Yield: 62% (212 mg), colourless solid; M.P: 128-130 °C; 'H NMR (400 MHz, CDCl;): ¢
7.75-7.69 (m, 2H, aromatic), 7.41 (dd, J = 5.1, 1.8 Hz, 3H, aromatic), 7.37 (d, J= 2.3 Hz, 1H,
aromatic), 7.24 (d, J = 8.7 Hz, 1H, aromatic), 7.16 (ddd, /= 11.0, 8.3, 2.0 Hz, 2H, aromatic),
7.08 (dd, J = 7.5, 1.6 Hz, 1H, aromatic), 6.87-6.79 (m, 2H, aromatic), 5.36 (t, /= 11.1 Hz,
1H, CH), 3.67 (dd, J = 16.6, 10.6 Hz, 1H, CH), 3.42 (dd, J = 16.6, 11.6 Hz, 1H, CH) ppm.
13C NMR (101 MHz, CDCls): ¢ 155.01, 141.53, 131.75, 131.02, 130.63, 130.14, 130.07,
129.80, 129.58, 129.16, 128.70, 127.42, 126.35, 124.07, 123.57, 120.4, 117.42, 67.45, 41.17
ppm. FT-IR (KBr): 3478, 2380, 1711, 1589, 1478, 1311, 1243, 1033, 985, 758 cm™!. MS-ESTI:
(m/z) 383 [M+H]"; HRMS-ESI: calcd for C,;H1;C1,N,O [M+H]* 383.0717; found 383.0713.
2-(1-(3-bromophenyl)-5-Phenyl-4,5-dihydro-1H-pyrazol-3-yl)phenol (7)):

-0

Yield: 74% (260 mg), pale yellow solid; M.P: 168-170 °C; '"H NMR (400 MHz, CDCly): ¢
7.72 (dd, J = 6.6, 3.0 Hz, 2H, aromatic), 7.44-7.38 (m, 3H, aromatic), 7.37 (d, /= 2.3 Hz, 1H,
aromatic), 7.29 (s, 1H, aromatic), 7.25 (s, 1H, aromatic), 7.15 (ddd, J = 10.9, 8.8, 1.9 Hz, 2H,
aromatic), 7.07 (dd, J= 7.5, 1.4 Hz, 1H, aromatic), 6.82 (dd, J = 13.5, 7.4 Hz, 2H, aromatic),
5.36 (t, J=11.0 Hz, 1H, CH), 3.67 (dd, J = 16.6, 10.6 Hz, 1H, CH), 3.42 (dd, J = 16.6, 11.5
Hz, 1H, CH) ppm. 3C NMR (101 MHz, CDCls): ¢ 154.98, 141.54, 131.77, 131.48, 130.97,
130.62, 129.98, 129.89, 129.58, 129.15, 128.71, 127.42, 126.36, 124.06, 123.64, 120.43,
117.39, 67.34, 41.19 ppm. FT-IR (KBr): 3426, 2377, 1724, 1495, 1318, 1243, 1033, 978, 751
cm™'. MS-ESI: (m/z) 393 [M+H]"; HRMS-ESI: caled for C,H;3sBrN,O [M+H]* 393.0185;
found 393.0181.
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7. General procedure for the preparation of chromenopyrazolecarboxylates (8a-j): 2-
(1,5-diphenyl-4,5-dihydro-1H-pyrazol-3-yl) Phenol (7a, 0.100 g, 1.0 equiv.) and diethyl but-
2-ynedioate (4a, 0.055 g, 1.0 equiv.) were heated at 120 °C. The reaction was monitored by
TLC and after completion of reaction (TLC, 22 h), the residue was purified by column
chromatography by using silica gel (60:120, ethyl acetate/hexane 2:98) afforded diethyl ethyl
4-0x0-2-phenyl-2,4-dihydrochromeno[4,3-c]pyrazole-3-carboxylate 8a (0.074 g) as
colourless solid in 70% yield. The other chromenopyrazolecarboxylates 8b-j were prepared
from pyrazolines 7a-j with diethyl but-2-ynedioate 4a under above optimized conditions. The
known chromenopyrazolecarboxylates (8a-b, 8d-h)® are compared with the reported data and
unknown compounds 8¢, 8i-j are characterized by spectral data and depicted below.
Compound 8a: The compound ethyl 4-oxo-2-phenyl-2,4-dihydrochromeno[4,3-c]pyrazole-
3-carboxylate was prepared from 7a with 4a. The product yield: 72% (72 mg), Ref: 6

-

N—N

0]

0]

Compound 8b: The compound ethyl 8-methyl-4-oxo-2-phenyl-2,4-dihydrochromeno[4,3-
c]pyrazole-3-carboxylate was prepared from 7b with 4a. The product yield: 74% (79 mg),

Ref: 6
N—N
H30\©\/%\002C2H5
0~ o

Ethyl 8-methoxy-4-oxo-2-phenyl-2,4-dihydrochromeno[4,3-c]pyrazole-3-carboxylate

(8¢c):

N—N

HBCO\@%\COZCQHS
o "0
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Yield: 58% (84 mg), colourless solid; M.P: 204-206 °C; 'H NMR (500 MHz, CDCl5): 6 8.03
(d, J = 9.3 Hz, 1H, aromatic), 7.58-7.52 (m, 5H, aromatic), 6.91 (dd, J = 4.5, 2.3 Hz, 2H,
aromatic), 4.40 (q, J = 7.1 Hz, 2H, OCH,), 3.89 (s, 3H, CH3), 1.27 (t, J = 6.2 Hz, 3H) ppm.
3C NMR (101 MHz, CDCl;): ¢ 158.97, 156.30, 151.18, 149.17, 139.06, 134.47, 131.95,
129.82, 129.40, 124.89, 122.84, 120.46, 117.27, 113.60, 63.14, 20.87, 13.75 ppm. FT-IR
(KBr): 3428, 2924, 2851, 1755, 1721, 1627, 1594, 1462, 1319, 1206, 1031, 982, 772 cm’’.
MS-ESI: (m/z) 365 [M+H]"; HRMS-ESI: calcd for C,0H;7N,Os [M+H]* 365.1147; found
365.1143.

Compound 8d: The compound ethyl 7-methoxy-4-oxo-2-phenyl-2,4-dihydrochromeno[4,3-
c]pyrazole-3-carboxylate was prepared from 7d with 4a. The product yield: 55% (58 mg),

Ref: 6
N—N
H,CO o o

Compound 8e: The compound ethyl 8-chloro-4-oxo-2-phenyl-2,4-dihydrochromeno[4,3-
c]pyrazole-3-carboxylate was prepared from 7e with 4a. The product yield: 75% (79 mg),
Ref: 6

Compound 8f: This compound ethyl 8-bromo-4-oxo-2-phenyl-2,4-dihydrochromeno[4,3-
c]pyrazole-3-carboxylate was prepared from 7f with 4a. The product yield: 69% (73 mg),

Ref: 6
N—N
Br\@%\COZCQ}‘%
(0] (0]
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Compound 8g: The compound ethyl 4-oxo0-2-(p-tolyl)-2,4-dihydrochromeno[4,3-c]pyrazole-
3-carboxylate was prepared from 7g with 4a. The product yield: 71% (75 mg), Ref: 6

CH3

&

N—N

(0]

O

Compound 8h: The compound ethyl 2-(4-chlorophenyl)-4-ox0-2,4-dihydrochromeno[4,3-
c]pyrazole-3-carboxylate was prepared from 7h with 4a. The product yield: 61% (65 mg),
Ref: 6

Ethyl 2-(2,4-dichlorophenyl)-4-0x0-2,4-dihydrochromeno[4,3-c|pyrazole-3-carboxylate
(8i):

Cl

N-N Cl

| ~CO0,C,Hs
o o

Yield: 76% (115 mg), colourless solid; M.P: 156-158 °C; 'H NMR (400 MHz, CDCl): ¢
8.11 (dd, J=17.8, 1.5 Hz, 1H, aromatic), 7.60 (d, /= 2.0 Hz, 1H, aromatic), 7.56-7.52 (m, 1H,
aromatic), 7.51 (d, J = 5.2 Hz, 1H, aromatic), 7.49-7.46 (m, 1H, aromatic), 7.41 (d, J = 7.7
Hz, 1H, aromatic), 7.34 (td, J = 7.8, 1.1 Hz, 1H, aromatic), 4.38 (q, J = 7.1 Hz, 2H, OCH,),
1.30 (t, J= 7.1 Hz, 3H, CH;) ppm. 3C NMR (101 MHz, CDCl;): J 157.65, 155.40, 153.08,
149.77, 137.26, 136.96, 136.14, 132.25, 131.32, 130.09, 129.56, 128.08, 124.71, 123.01,
117.50, 113.72, 108.15, 62.96, 13.78 ppm. FT-IR (KBr): 3109, 3061, 2923, 2860, 1780,
1737, 1618, 1596, 1433, 1317, 1249, 1107, 1018, 985, 758 cm!. MS-ESI: (m/z) 403 [M+H]";
HRMS-ESI: calcd for C9H3C1,N,O4 [M+H]" 403.0253; found 403.0250.
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Ethyl 2-(3-bromophenyl)-4-0x0-2,4-dihydrochromeno|4,3-c|pyrazole-3-carboxylate (8)):

o O

Oy

N—N

Yield: 63% (67 mg), colourless solid; M.P: 182-184 °C; 'H NMR (500 MHz, CDCl5): 6 8.14

d, J =

2.5 Hz, 1H, aromatic), 7.59-7.53 (m, 5H, aromatic), 7.46 (dd, J = 8.9, 2.5 Hz, 1H,

aromatic), 7.35 (d, J = 8.9 Hz, 1H, aromatic), 4.41 (q, J = 7.1 Hz, 2H, OCH,), 1.27 (t,J=7.2
Hz, 3H, CH;) ppm. 3C NMR (101 MHz, CDCls): § 156.60, 154.35, 152.04, 148.73, 136.21,
135.91, 135.10, 131.21, 130.28, 129.04, 128.51, 127.04, 123.66, 121.97, 116.45, 112.68,
107.11, 61.92, 12.73 ppm. FT-IR (KBr): 3428, 2329, 2860, 1724, 1359, 1588, 1495, 1463,
1318, 1243, 1099, 1033, 984, 757 cm!. MS-ESI: (m/z) 413 [M+H]"; HRMS-ESI: calcd for
C19H14BrN,O4 [M+H]* 413.0138; found 413.0134.

8. References:

1.
2.
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K. S. Teja, S. Ramya and B. C. Raju, Synth. Commun., 2021, 51, 1425-1432.

(a) A. S. Al-Bogami, H. Z. Alkhathlan and T. S. Saleh, Asian J. Chem., 2013, 25,
6427-6433; (b) X. Wang, P. Ying-Ming; H. Xiao-Chao; M. Zhong-Yuan, W. Heng-
Shan, Org. Biomol. Chem., 2014, 12, 2028-2032.

H. T. Vivek, H. Kamal and L.D. Pradeep, Res. Chem. Intermed., 2013, 39, 585-595.
F. Pragst and F. G. Weber, J. Prakt. Chem., 1976, 318, 51-68.

Venturella, Annali di Chimica, 1961, 51, 759-767.

K. S. Hariprasad, K. V. Prasad and B. C. Raju, RSC Adv., 2016, 6, 108654-108661.
(a) Jones, J. Chem. Soc., 1951, 48-51. (b) M. Lautens and T. Marquardt, J. Org.
Chem., 2004, 69, 4607-4614. (c) M. Kobayashi and K. Tanaka, Chem. Eur. J., 2012,
18, 9225-9229. (d) S. K. Rodrigo, I. V. Powell, M. G. Coleman, J. A. Krausea and H.
Guan, Org. Biomol. Chem., 2013, 11, 7653-7657.
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9. Copies of 'TH-NMR, 3C-NMR and HRMS Spectrums (5a-t):
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I3C NMR spectrum of compound 5a
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BCR-MVK-H-DEAD-303

130CT2019_27 15 (0.293) AM2 (Ar,22000.0,0.00,0.00); ABS; Cm (11:49-1:8+22:34)) 1: TOF MS ES+
3034347 2797
100
-N
| /) —CO,CsH;5
H5;C
CO,C5H5
=(_
326,166
326,199
257.09%0
159,0029 1850719 203.0825 275101 181 4717984
mmwwmm N | M mm o 4mwmm
AL L A T L N o T

o u i
60 80 100 120 14 180 200 220 240 260 IBU 300 320 340 350

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min=-1.5, max =50.0
Element prediction: Off

Number of isolope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

74 formula(e) evaluated with 1 results within limits (up to 80 closest results for each mass)
Elements Used:

C:0-16 H:0-27 N:0-3 0:0-6 Na:0-1

BCR-MVK-H-DEAD-303

030CT2018_27 15 (0.293) AM2 (Ar,22000.0,0.00,0.00); ABS; Cm (11:19-(1:9+22:34)) 1: TOF M5 ES+

2.79e+007
303.1347 325.1166
10/83' 15 0494#4 0454 185 0719 203.0875 215 1[]31 ‘ ‘, 387 0887 403, 0605471 7984 454, 8137 512.8244 "
Tf\ll\\l\‘l\\ll\\\\II\\‘I\\I'\II\I\\I‘\\II\\\\ll\\l‘\l\\I\I\‘II\\I\\ T |\ \‘\II i
100 125 150 175 200 225 250 275 300 325 380 375 400 425 450 475 500 525 550

Minimum: «h

Meximum: i) 5.0 50.0

Mzss Calc. Mass mba PPM DBE i-FIT Norm Conf (%) Formula

303.1347  303.1345 0.2 0.7 8.5 872.7 nl/a n/a Cl6 H1S N2 04

HRMS spectrum of compound 5a
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BCR-MVK-H-DMAD-275

(130CT2019_26 47 (0.880) AM2 (Ar,22000.0,0.00,0.00); ABS 1: TOF MS ES+
1004 751032 7.63e6
N-N
| )—CO,CHs
H3C
CO,CH3
o
297.0852
276.1064
243070 208.0884
299.1001
1360672 T
1021203 124.0884 1550624 186.5475 213.9673 ( 30603 338.3429 350.0565 3012853 4132680 4413009  467.4145 m
T T T T T T T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T T T M2
100 120 140 160 180 0 pri) 240 260 280 00 320 M 360 360 400 420 440 460 480
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM [ DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
84 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:0-15 H:0-27 N:0-3 0:0-6 Na:0-1

BCR-MVK-H-DMAD-275

030CT2019_26 47 (0.880) AM2 (Ar.22000.0,0.00,0.00); ABS 1: TOF MS ES+

7.63e+006

251092 207,085
"%g% 1240881 P02 g epmszes 200 |/ 350.0565 4132680 441.3009467 4145

L e s A L A LA R A it Lo A e e L R Lt et g L

100 120 140 180 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

Minimum: =15

Mzzimum: 5.0 5.0 50.0

Mzss Calc. Mass mDz PEM DBE i-FIT Norm Conf (%) Formula
275.1032 275.1032 0.0 0.0 8.5 783.9 n/a n/a Cl4 H15 N2 04

HRMS spectrum of compound Sb
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BCR-MVK-CH3-DEAD-317

030CT2019_29 37 (0.700) AMZ (Ar.22000.0,0.00,0.00); ABS 1: TOF MS ES+
106 1502 546e
CHj
N’N
| ) —CO,CsHs
H5C
CO,C5H5
H 339431
3401355
280,194 3411453
" 30‘050&102‘1239 124.9&31 1734083 199.0877 A7.0981 243.ﬂ771 171.‘1035 ( LA T 405,440 510.4432 536‘1%]
L L L L B ] L e L e L L L L o ) U e A L L L LA U LA L et R Ak L U L LR A A U Rt i i
60 B0 100 120 140 160 180 200 20 20 260 20 300 320 M0 360 30O 400 420 40 460 480 SN 5N
Elemental Composltlon REpOI’l Page 1
Single Mass Analysis
Tolerance = 2.0 FPM / DBL; min = -1.5, max = 50.0
Element prediction; Off
Number of isotope peaks used for i-FIT = 3
Manoisotopic Mass, Even Electron lons
80 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Flements lIsed
C:0-18 H:0-27 N:0-3 0:0-68 Na:0-1
BCR-MVK-CH3-DEAD-317
030CT2019_28 37 (0.700) AM2 (Ar,22000.0,0.00,0.00); AB3 1: TOF M3 ES=
547et006
i . 37,1502 3381321
aan 814 243, 7 v
10@3 1021263 174 gga1 IO SRR i . 401.1019  445.1222 s 536,167,
| O P S IV v LA DL L
500 /b 100 1EH 150 U/h 200 ZZ9 250 Z/h 3000 325 350 b 4UU 420 4BU 4rh BUU b
Minimim: b
Mazimam: 5.0 h.0) 50.0
Maza Cale. Mazs mDa PPM DBL i TIT Neorm Conf(%) Cormula

17,1502 3L17.1801 0.l 0.3 0.3 7140 rnfa  n/a €17 H2l w2 o

HRMS spectrum of compound 5¢
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BCR-MVK-CH3-DMAD-289

030CT2019_26 28 (0.536) AMZ (Ar.22000.0,0.00,0.00); ABS 1: TOF MS ES+
100 289.1190 2,896
CHj
AN
Nn-N
| Y/ CO,CH3
H3C
g CO,CH,

290122

2404
2670029
3134131
1380676 258.0964
|00945 BRSTE 4 oo 1240870 0 gy B ey |/ | I o atsaert ans aeTans sss

|
et T T T T
60 280 300 30 30 30 30 400 420

Thrrrtrty
80 100 120

bt Tt e
140 160 180 200 Z0 240

Elemental Composition Report

Single Mass Analysis

Tolerance =50 FPM [/ DBE: min=-1.5 max =500
Element pradiction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

85 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-16 H:0-27 N:0-3 0:0-6 Na:0-1

BCRAMVK-CH3-DMAD-239

03CCT2019_2¢ 28 (0.538) AM2 (Ar,22000.0,0.00.0.00); ABS

Page 1

1: TOF MS ES+

2.89%+00¢
: 280.1190 311.1010 =
W 0202 o0ar0 1380878 T prossazsroms | [ aspawp OO ABBTN gy
R A A 0 0 A S A R M A0 B A o A L0 B A L A L0 A S ) LA A
0 80 100 120 140 16C 180 200 220 240 260 280 200 320 340 360 380 400 420 440 460 480
Minirum: sy
Mz ximum: 5.0 5.0 50.0
Mzzz Cale. Masaz mDa EEM DRE i-FIT HNorm  Cont (%) Formula
89,1190 289.1188 0.7 n.7 & A09. n/a n/a C1am7 w04

HRMS spectrum of compound 5d
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BCR-MVK-OCH3-DEAD-333

030CT2019_36 24 (0457) AM2 (A122000.0,0.00,0.00); ABS 1:TOF M3 ES+
10t 51455 3651 8515
OCHj3
* N’N
| ) —COC;Hs
HsC
CO,CoH5
356.1307
i
1240982 374305
BEITT, oo i 014428 2
M e mergnon 240 T : SANTHOIGE HIAE 47400 054400 ERATED S0
t

T
G0 00 100 {20 440 160 100 200 20 240 260 200 00 0 M0 I0 00 400 420 440 460 400 GO0 G20 G40 5GO

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min=-1.5, max =50.0
Flement prediction: Off

Number of isotope peaks used for I-FIT =3

Monoisotopic Mass, Even Electron lons
217 formula(e) evaluated with 1 results within limits (up to &0 closest results for each mass)

Elements Used:
C:017 H 022 N.03 0:06 Na01 Clh02
BCR-MVK-OCH3-DEAD-333
030CT2019 3524 (0.457) AM2 (Ar,22000.0.0.00,0.00); ABS 1: TOF M3 ES+
ﬂ 8.512+005
333.1455 001274

A ) . 70
1(;%:E 102.1299 124,0882.138.0672 224.14,:('251.128?. 301‘142\8 | | 0T 4213003 523.475\2 551 5047

[TT T T T[T rrrr] \\‘\Illll\\\‘\\\l‘\ll\l\\\\‘\I \‘\‘\II‘II\\l\\\\‘\\lllll\\‘\\ T T T TTrT m!

075 100 125 150 175 200 225 250 Z75 300 325 30 IS 400 425 450 475 500 525 54D

Minimum: =Li5
Maximum: 5.0 5.0 50.0
Mass Calc, Mass mDa ['TM DBE i-FIT Norm Cernf(%) Formula

333.1455  333.1450 0.5 1.5 8.5 5283 nja  n/a C17 H21 N2 05

HRMS spectrum of compound Se
S31
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BCR MVK OCH3 DMAD 305

030CT2019_34 19 (0.372) AM2 (A1,22000.0,0.00,0,00); ABS 1: TOF M3 E3+
10 051142 7.0%5
327.0081
OCHs
N’N
| )—CO,CHs
HsC
CO,CHj,
A
328.0996
1240879 Lo
5075 138.0676 o i 1291076
¥ X 104_2'12&9‘ | ‘ '_.1190146173,0739““”%1 246.9&14 ‘.7.“-["92*‘ il 360.3617 41'5.‘1690 44,3007 4674008 507'5”\9‘ 514737 540.40#
T eyt f T b ittt ¥ v f Wt it z
b‘U : !i‘U 00 %20 14 6 10 20 Z l“w‘liill i Jl‘!U‘HlU M3 360 400 40 40 WJ‘M‘IU 500 MU‘&AUI
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min=-1.5, max =50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

200 formula(e] evaluated with 1 results within limits {up to 50 closest results for sach mass)
Elements Used:

C.0-16 H.0-18 N:0-3 Q:0-6 Na:0-1 Cl:0-2

BOR-MVK-OCH3-DMAD-205

030GT2019_34 19 (0.372) AM2 (A1,22000.0.0.00,0.90) AES 1. TOF MS ES+
:
51142 27 0% e
( (=~ : |
W 102189 1o 0a70 1380676 17,0780 25081 wmaoess | | snage AT gy i
‘\l\\ \\‘\\l\‘ll\ll\l\\ |\|‘|\|\‘|\\\‘\\|‘\|\|\\\\‘|\\\|\||‘\|\\‘\\\\‘||\|‘ ||‘\\\\‘|\||‘|\\\

0 75 100 125 150 175 200 225 250 275 300 35 30 375 400 425 450 476 500 525 550

Minimum: i )
Maxzimom: 5.0 5l 50.0
Mass Calc, Maes mDa PPM DBE -FIT Norm Conf(%) Formula

305.1142  305.1137 0.5 1.6 8.5 530.2 rn/a nfa €15 H17 §2 05

HRMS spectrum of compound 5f
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BCR-MVK-CL-DEAD-337
TI0CT2049_33 47 (1.339) AMZ (Ar22000.0,0.00,0.00); ADS

1:TOr MS [S+

100 337.0950 2900
Cl
N-N
| ) —COCzHs
Hs;C
CO,C,H5
# BT
3610030
r
5.0
TT.060R
1021286 124.0881 138.0603 1930836 270431 65,0750
AL et e, U i O W mpnm o aroe DI

T UL W T L u
60 80 100 120 140 160 180 200 220 240 260 280 300 30 M0 360 380 400 420 440 460 480 500 520

Elemental Composition Report Page1

Single Mass Analysis

Tolerance =5.0 PPM / DBE:min=-15 max =500
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Moenoisotopic Mass, Even Eleciron lons

171 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:016 H:0-18 N:0-3 0:0-6 Na:0-1 Cl0-2

BCR-MVK-CL-DEAD-337

030CT2019_33 17 (0.330) A2 (Ar22000.0,0.00,0 00); ABS 1 TOF MS ES+
2.966+006
3370058 3500779
f o/
06y 1021288 45y et 1350673 1030538 2370431 200100 L/ 4130687 441011 507_51525?23-47?4
PN - B UL L L ORI HR SR, T TS ]

90 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525

Minimum: 1.5
Mazimum: 5.0 5.0 50.0
Mazs Calc. Mass mDa PEM DBE i-FIT Nerm Conf(%) Formula

337.0958  337.0955 0.3 0.5 8.5 621.9  w/a n/a Cle H1B NZ 04 C1

HRMS spectrum of compound 5g
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BCR-MVK-CL-DMAD-309

030CT2019_32 19 (0.372) AM2 (Ar,22000.0,0.00,0.00); ABS 1: TOF MS ES+
10 309.0845 7.495

CO,CH;

333.0442

- 1240880 133,0674 .07

: 190279 2460600

olorom < 1021289 70787 4 N T .|‘ : ;
VIRV N L ¥ T ——-

6 80 00 120 40 160 180 200 220 240 260 280 300 320 340 360

017
/ I 44305 374002 475 LA

s b b iz
W0 42 M0 40 40 50

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM / DBE:min=-15 max=£50.0
Element prediction: Off

Number of isotope peaks used fori-FIT = 3

Monoisotapic Mass, Even Electron lons

171 formula(c) cvaluated with 1 results within limits (up fo 50 closes: results for cach mass)

Elements Used:

C:0-16 H:0-15 N:0-3 0O:0-6 Nz 01 Cl:0-2

BCR-MVK-CL-DMAD-308

030CT2019 3219 (0.372) AM2 (Ar.22000.0,0.00,0.00}; ABS 1: TOF MS ES+
7.49e+005

309.0645 331.0466

1200880 1380671 219029 ousomnozroner T L 413269 47 19424921785 5125070

B ) ) o S O e o B 0 Nl M i B ol Kol I A i i |
80 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 430 500

100= 102.1289

Minimum: i B
Vaximum: Bt 5.0 50.0
Maso Calc. Mass mbDa PIM LBk I-FLL Norm Conf (%) Formula

209,064 J09.0042 u.J 1.¢ 4.5 520,9  n/a n/a Cl4 H14 N2 Q4 CL

HRMS spectrum of compound Sh
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BCR-MVK-BR-DEAD-381

DI0CTANG_ 1 17 (0.336) A2 (A 22000.0,0.000.00; ABS 1, TOF NS Es+
5 8955
100,
Br
4507
-N
| ) —COCzHs
H3C
CO,C,H5
*_

31421
4070422
10,1858
641.1871
Jant LT E——r T s 319'001:441.2997 swmi 5351554 g | s
e b b f i i ittty MIZ
B 6 A0 0 M0 f0) 0 20 20 0 %0 20 A0 0 M W0 M0 AN AN M0 A0 40 G0 50 S S0 S0 60 6D
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 PPM / DBE:min=-15, max =500
Element pradiction: Off
Nurmber of isulope peaks used for -FIT =3
Moncisofepic Mass, Even Electron lons
129 formulaje) svaluated with 1 results within Imits (up to 0 closast results for each mass)
Elermznls Used.,
C:0-16 H:0-27 N:0-3 ©:06 MNa: 01 Br: 0
BCR-VIVK-BR-DEAD-381
030CT2019_31 17 (0.33€) AM2 (Ar.22000.0,0.00,0.00); ABS 1: TOF MS ES+
. 0.9%+003

1005 895073 280,828 3810451 J09.079

. 124.0070190.0071  245.0004. 570001 421 9174509 || 4412897 596.1004 610.1050 e

HH‘II\‘\I\‘I\I\'II\|\\H|\I\I|I\I‘H\‘HI II‘\ T II‘I\\ ‘\II‘IH‘IH\‘III\'

0 75 100 126 150 175 200 225 250 275 300 326 350 375 400 425 450 475 500 525 550 575 600 6%

Minimum: 1.5

Maximum: i Ll 50.0

Mass Calc, Mazs mDa PEM DDOC 1 FIT Norm Conf (%) Fermula
381.04351 331.0430 0.L 0.3 B0 albe2 nja n/a CL5 H1O NZ 04 Br

HRMS spectrum of compound 5i
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BCR-MVK-BR-DMAD-353

030CT2MG_30 14 (0276) AM2 (A22000.0.000.00) ABS 1:TOF NS E5+
B3013 17166
1004
Br
N’N
| )—CO,CH,
HsC
CO,CHs
i{_
HTA503 376,997
4298
12
60152
31853
377,395
1901028 4505 ;g 014420 7085 3T
1/ mstm( N\ | Ll wan MMM s ooy

T T P e e b e T e e T T T LA LRI RRRAN RN R L) RARAY LA RN RN R AR RN
0 2 14‘] 260 280 300 30 kL] 360 380 400 420 40 460 480 500

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 FPM / DBE: min=-1.5, max = 500
Element prediction: Off

Number of isotope peaks used far 1 FIT =3

Moncisotopic Mass, Even Electron lons

133 formula(e) evaluated with 1 results witnin limits (up to 50 closest results for each mass)
Elements Used:

C:0-14 H027 N:03 0:06 Na:0O-1 Bro-1

BCR-MVK-BR-DMAD-252

030CT2019_30 14 (0.276) AMZ2 (Ar,22000.0,0.0€,0.00); ABS 1: TOF MS ES+
1.718+006

1 1631028 301,142 D S 3
BOEUD mngmsseee ||| KU TG ]SRN 420 4004 aiiensesster

200 220 240 260 "BU "00 30 340 360 380 400 420 440 460 480 500 520

Minimum: 1.5

Maximm: 5.0 5.0 50.0

Mass Calo. Mass mha PPM TRF I-FTT  Nurm  Conl (%) Formula
3%3.0134 L0134 021 B3 Benly 6dl.] n/a n/a Cl4 H14 N2 04 Br

HRMS spectrum of compound 5j

S41




wn
wN.ﬁ/
STT
9T v
@t

6C'T

@&y
8T
6
(U4
€Y
(44
(34
(304

9L
e
e
e o
WL
WL
£b°L
bl
St'L
9'L -
9L
Rz
8v'L ]
8y
6v'L
€57 4
€54
veed
seed

B B

0.5

1.0

1.5

2.0

25

3.0

35

4.0

4.5

5.0

5.5

'H NMR spectrum of compound Sk

6.0

6.5

CO,CHs

'Y

| ) —COCzH;5

N

7.0

7.5

8.0

weT
wet v

6119~
P9 —

el7AN
sei/

LEVIT —

6L421
sr'ger /

bL'8TT
68'82T
80°6ZT
ST'6CT

0S°TET
TILET —
0T'6ET —

66°TST —

61°09T —
86791 —

S42

60 50 40

70

100 90 80

110

I3C NMR spectrum of compound 5k

120

130

CO,C,Hs5

o

N/N

140

| ) —COC,Hs

150

160

170




BCR_P3K_H_DEAD CG3IR-ICT XEVO-G2-X3-QToF
1THAR2020_23 19 (0.372) AM2 (Ar,22000.0,0.00,0.00); ABS 1:TOF M3 ES+
10 AR5 1498 8.52e6

,, =

-N
| ) —COC,H;5

CO,C,H;5
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3131081 IR
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2201117 |04 1086 628
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min=-1.5, max=50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

38 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C.023 H:0-50 N:0-2 Q:05

BCR_PSK_H_DEAD CSIR-ICT XEVO-G2-XS-QToF

17TMAR2020_23 19 (0.372) AM2 (Ar.22000.0,0.00,0.00); ADS 1: TOT M5 [
8.92e+006

; . 165.1498
1087 191.0848 223.0652 47 ez 2 768 349 464 | 4031056 441183 4050766 536.16685°0- 028 600 5228

HlHH‘IHI‘\I\Il\IH‘HHl\lHlHH‘HH'HH'HHlHHlH\\‘IHI‘HH'IHI‘IHIl\HI‘IHI‘HH'\I\I‘\I\I\l\ll\|HII‘IHI‘\\H‘IHI‘IIII‘IHI‘IHI‘HII‘IHI‘HII|HH|HII‘HHlHH‘IH\ll\l\‘IHI‘I\H‘IHI‘IH\l\lHlHHlII miz

160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 460 500 520 540 560 580 600

Minimum: b
Magimum: b1 5.0 50.0
Massz Calc. Mass mDa PEM DBE i-FIT Norm Conf (%) Formula

365.1498  365.1501 -0.3 -0.8 12.5 713.8 =n/a  n/a C21 H21 N2 04

HRMS spectrum of compound Sk
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1004

CIR-ICT JEVO-GZ2-X5-QToF

[FCR_PSK_H_DWAD
TMAR2I20_22 1 (1.406) AME2 (A Z2000.0,01.00,0.00) ABS 1: TOF M3 Es+

337.1188 1.17e6

Nl / COZCH3

CO,CH;

13381219

339.1008
50750

305.0925

149.0239
306 11360 bmms ASOK2 2041285 3“‘-““{ TEITES 4o 3i7a 8THL 457,072 1954438
n 11 I 1

306.0960
2794582, ’ L L 550.6315

iz

B0 B0 100 120 140 160 180 200 20 240 260 280 300 320 40 360 380 400 420 440 460 4B0 500 S 540 560

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min=-1.5 max =50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

57 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:0-23 H0-50 N:0-2 0:0-5

BCR_PSK_H_DMAD CSIR-ICT XEVO-G2-XS-QToF

17TMAR2020_22 21 (0.406) AM2 (Ar,22000.0,0.00,0.00); ABS 1. TOF MS ES+
1.17e+006

337.1186 459

. —
1003 895068 115 0649 149,003 2090862 094 4966 A | 1006 4103173 4393782 4o5 4435 5506315

0
‘6||\|\‘\|\||HH‘\||||HH‘||\||\\|\‘||\||\H\‘||\||H|\‘||'\||\\|\‘||||‘HH‘||||‘\\|\|||\|‘H|\|||\|‘H|\|m.’Z
5 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575

Minimum: b S
Maximum: 5.0 5.0 50.0
Mass Calc., Mass mDa PPM DBE i-FIT Norm Conf(%) Formula

337.1186  337.118

[==}

-0.2  -0.6¢ 12.5 501.9 n/a n/a C19 H17 N2 04

=

HRMS spectrum of compound 51
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BCR_PSK_CH3_DEAD CSIR-ICT XEVO-G2-XS-QToF

TMAR2020_25 20 (1.383) AMZ (Ar.22000.0,0.00,0.00); ABS 1: TOFMS ES*
m165
100
N-N 3
| )—COCoHs
N CO,CsH5
80,1685
o
a6
£9.5066 10 pamskianE N e 453859 EASE 308
113368187 3 N | ECEC] wsesazs CBAEI08 1 oo
50 125 19 A5 20 25 250 215 W 25 VO A5 40 L5 40 45 W 25 B0 55 K0 &5 60 &5 0 1B 10 71580

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min=-1.5, max =50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

29 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-23 H:0-50 N:0-2 ©:05

BCR_PSK_CH3_DEAD CSIRICT XEVO-G2-XS-QToF
17MAR2030_25 20 (0.339) AM2 (AT, 22000.0,0.00,0.00) ABS - TOF MS ES+
2 5964006
; 37,1653 ,
g R gy TR SRR | AD1.1475 4537850 5485060 0289920 g 593 6346108 774 3065 s
‘ll\l‘\l\l‘\l”‘\ll\l\ll\l\ll\ll\l\‘ll\\‘ll\\‘ll”‘llH‘ll\\l\ll\ll\l\ll\l\ll”\‘l\\l‘l”l‘ll”l\l”l”HlHHll\l\ll\l\ll”l‘l”ll\Hll\l\ll”\ll”l\l I

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Minimum: -1.5
Maximum: 5} 5.0 50.0
Mass Calc., Mass mDa PPM DBE i-FIT Norm Conf(%) Formnla

379.1653  379.1658 =05 =1.3 12,5 5h%.5 d/d n/a C22 H23 N2 04

HRMS spectrum of compound Sm
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LCR_PSK_CHS_DMAD CSIR-ICT XEVO-G2-X8-QToF

[1TMAR2020_24 13 {0.372) AM2 (Ar.22000.0,0.00,0.00): ABS 1: TOF M5 ES+
3511344 1737
100+
CH
N-N °
| / COZCHa
CO,CH,
&
3521373
391082
10 414 kIER] i
H 139641 1490239 i mmﬂiiiﬁ o 2811136 | rﬂﬂﬂm 4411816 451.0605 434 8438 TEAET2 5511%:2'1
T T
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min=-1.5, max =50.0
Element prediction; Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

48 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C.0-23 H:0-50 N:0-2 0:0-5

BCR_PSK_CH3 DMAD CSIRAICT XEVO-G2-XS-QToF
17TMAR2020_24 19 (0.372) AM2 (Ar.22000.0,0.00,0.00); ABS 1: TOF MS ES+
17364007
100 2310921291 113% RIS wprig 551 5031
03 130601 10030 a0 peg0gis ssrs2 B0 40108 | : 441.1816.453.7883 536167200~

LA LN L) RNy LRy LAy L) RN R Ry LR DLy E Oy LR LY LR E LRl LRy L RN LR LR AL LR LR ELR LR LA LAY LA ALY LAY R LY L Y Ry L m.ﬁZ

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560

Minimums 2145
Maximums 5.0 5.0 50.0
Mass Calc, Mazs mDa PPM DBE i-FIT Norm Conf(%) Formula

351.1344  351.1345 -0.1 -0.3 12.5 749.3 =n/a n/a C20 H19 N2 04

HRMS spectrum of compound 5n
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Item name:

N

OCH,

N-
| )—CO,C5Hs

CO,C,H5

Item name: BCR_PSKOCH3DEAD_395

Item name; BCR_PSKOCH3DEAD 385, Sample position: 1:A.6, Replicate number: 1

20200728_Elemental Compostion Aug 24, 2020 09:39:44 India Standard Time

Lo
c

Y

SIR 1< T
’;c:zche?g_g Al ex

Created by: ~ Administrator, UNIFI

Created on:  Aug 24, 2020

Created time:  14:26:09 India Standard

Time

Component name Observed neutral Neutral mass (Da) Observed m/z Mass error Attt
mass (Da) (ppm)
1 C22H23N205 3941528 372.16852 395.1600 589112 +H
Component name: C22H23N205
ftem name: BCR_PSKOCH3DEAD_395 Channel name: Low energy : Time 0.3561 +/ 0.1838 minutes
Item description:
1.5¢8 ] 395.16004
S 1les ]
o
A
2
2
Q
)= Se7 |
397.16661
277.09680  349.11822 ], ) 73533223 811.29431
o ki \ || e Gefoae 3 | 85123429 99961768
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HRMS spectrum of compound 50
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OCHj

—=Z

/ COZCHa

CO,CH3

Item name:

Item name: BCR_PSK_OCH3 DMAD 367

tem name: BER PSK GCHI DMAD 367, Sample pesition: 18,7 Replicate number: 1

)
-
| RS

Poeectiirtgy Sipwa

Created by:  Administrator, UMIF

Created on:  Sep 17, 2020

20200728_Elemental Compostion Sep 17, 2020 15:26:15 India Standard Time

Created time:  15:48:15 India Standard

Time

Compeonent name Liesived neulrd Meutral mass {Da) Observed m/z ."..1a55.errcr Adducts
mass (Da) {ppm)
1 C20H18M205 367.1252 366.12157 6R 1325 27337 +H
Component name: C20H18N2053
ltern name: BCR_PSK_OCH3_DMAD_367 Channel narme: Low energy : Time 0.3215 +/- 01247 minutes
Itemn description:
367.12925
2ed—
£ 368.13247
2 /
o
=
£ 1e8
=
£ 335.102%0
389.11116
917310 -:,05.0852?
149.0225 205":'3235;|2a3.5m? 29111028 I . [ 451.08149
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BCR_PSK_CL_DEAD
1TMAR020_27 22 0.423) AME2 (Ar.22000.0,0.00,0.00); ABS

10

s 0201580822 I pag iy

250118

281,048 m.usst|
M

CSIR-ICT XEVO-G2-X5-QToF

3530692

355.0674
371.0830

1: TOF MS ES+
3994109 [£7
Cl
N-N
| / COQC2H5
CO,C5H5
4011092
402.1121
4370671
X lr'mm 0655 T oo eoee  SES1NL BIB5560,

0 40 160 180 200 20 20 260 260 300 3 M 0 380 A0 420 440 460 480 500 5H S0 S0 560 600 620

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 PPM / DBE: min=-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for I-FIT = 3
Monoisotopic Mass, Even Electron lons
61 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-23 H:0-50 N:0-2 0:0-5 CLO-1
BCR_PSK_CL_DEAD CSIRICT XEVO-G2-XS-QToF
17TMAR2020_27 22 (0.423) AM2 (Ar,22000.0,0.00,0.00); ABS 1. TOF MS ES+
8 88e+006
19 2395453 2810482 325.0379 399 HiD
,g% 149.0240 i i 7 353.0692 |, 437.0671 483.0655.499.0372 585.1414 628'55%1
B o L BB L s R e R R e e e e e e
125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625
Minimum: =145
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PEM DBE i-FIT Norm Conf(%) Formula
399.1109  399.1112 -0. -0.8 12.5 734.4 nfa n/a €21 H20 N2 04 Cl

HRMS spectrum of compound 5q
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BCR_PSK_CL_DMAD CSIRICT XEVO-G2-X5-QToF

1TMAR2020_26 21 (0.40] AM2 [Ar.22000.0,0.00,0.00); ABS 1: TOF M5 ES+
710795 45526
100
Cl
N-N
| ) —CO,CHs
CO,CH,
-
73T
3390535
W0EIT
10512 4090355
.00 il 205530414 5353 auﬁuz“”‘“(.m.ﬂssu | L*‘“"“m 4550320 ”"om,)twm 550.6298 B0 @858

120 140 160 180 200 220 240 260 280 300 0 M0 360 M0 AN 420 440 460 480 500 520 S0 S0 560 600 620 640

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
94 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-23 H:0-50 N:0-2 0:0-5 CI:0-1

BCR_PSK_CL_DMAD CSIR-ICT XEVO-G2-XS-QToF
17MAR2020_26 21 (0.406) AM2 (Ar,22000.0,0.00,0.00); ABS 1. TOF MS ES+
4.65e+006
10 206.0450 301.1432 339.0935 s 393.0617 5506298 6005237
g% 149.0240 ] 225.5304 ) | ) 455.0320.471.0048 : ) 628.5529 iz
B L B o o B B R R EE R
125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PEM DBE 1-FIT Norm Conf (%) Formula
371.0785 371.0799 -0.4 -1.1 12.5 6&76.6 n/a n/a 19 H16 N2 o4 Cl

HRMS spectrum of compound Sr
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BCR_PSK_BR_DEAD CSIR-ICT XEVO-G2-X5-QToF
ATMAR2020_29 17 {0.239) AM2 (Ar.22000.0,0.00.0.0): ABS 1: TOF M§ ES¢

450508 Ti2e5
100 4030602

Br

N/N
| /) —COxC;Hs

. CO,C,Hs

|448.0619

4830447

139839 2890184
_ 18025 maqm 484 0175 i
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oL | e R Iassiuru | aoozza oo B s s g
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0PPM / DBE: min=-1.5, max =50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

56 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:023 H:0-50 N:02 0:0-5 Br 01

BCR_PSK_BR_DEAD CSIR-IICT XEV0-G2-XS-QToF
17TMAR2020_29 17 (0.339) AM2 (Ar,22000.0,0.00,0.00); ABS 1. TOF MS ES+
7.02e+005
4450588
R 895064 1139639 994 1979 Sl [ 5990006 _6634550.684 6115 7806396
T T T T T T T T T T T T T T T T e T T I T T
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
443.0602 443.0606 -0.4 -0.9 12.5 476.4 n/a n/a C21 H20 N2 04 Br

HRMS spectrum of compound 5s
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BCR_PSK_BR_DMAD CSIR-ICT XEVO-G2-XS-QToF

ATMAR2020_28 21 (0.408) AM2 {Ar,22000.0,0.00,0.00); ABS 1: TOF M§ ES+
1001 470014 6345
Br
N/N
| / COZCH3
# CO,CHjy
1418.0306
285004 a5 4388
i I T i \}55‘”" S4B 57377 58507257 g LSS 65580 5045
60 80 A0 20 20 20 20 00 0 30 W0 M0 A0 420 A0 60 40 500 S0 540 S0 S0 600 620 640 6
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0PPM / DBE: min=-1.5, max=50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
76 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-23 H:0-50 N:0-2 0:0-5 Br:0-1
BCR_PSK_BR_DMAD CSIR-ICT XEVO-G2-XS-QToF
17MAR2020_28 21 (0.406) AM2 (Ar,22000.0,0.00,0.00); ABS 1: TOF MS ES*
6.946+005
1003 2050863 279.1588 ses0014 170274 439 gggs 6285533
! U 2241283 777NN 3011399 ' I ' 4048111 548.5072 : 656584
|\\II‘I\\I‘I\\I‘\\I\l\\l\l\\\I‘II\Il\\I\l\\I\llI\I‘\I\I‘\Il\ll\l\‘ll\l‘\l\l‘\II\‘I\I\‘I\II‘\I\\'\I\\'I\ i

150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 925 550 575 600 625 650

Minimum: =15
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PEM DBE i-FIT Norm Conf(%) Formula

415.0291  415.0293 -0.2 -0.5 12.5 430.5 n/a n/a C19 Hl6 N2 04 Br

HRMS spectrum of compound 5t
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10. Copies of '"H NMR, 3C NMR and HRMS Spectrums (7f, 7h-j):
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Qualitative Analysis Report

Data File BCR-5BR-SM-393.d Sample Name
Sample Type Sample Position P1-Al
Instrument Name Instrument 1 User Name CSIR-IICT\Analyst
Acq Method hrms-pos-method.m Acquired Time 29-06-2021 12:07:35
IRM Calibration
Comment
Sample Group Info.
Stream Name c1 Acquisition SW 6200 series TOF/6500 series Q-TOF B.06.01 (B6172
Version SP1)
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
80 0 ESI
x10 4 |*ESI Scan (rt: 0.80-0.83 min, 6 scans) Frag=80.0V BCR-5BR-SM-393.d
393.0129

8 C21H18BrN2 0

6

4

2

243.2855 209.1258 344.1450 498.1856
odea b bl o o AL b, ‘ T
220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
Counts vs. Mass-to-Charge (m/z)
Peak List
m/z z [Abund Formula Ion
393.0129 1 56824.26 [C21 H18 Br N2 O M+

Formula Calculator El t Limits
[EN t  [Min Max
8 [ 25
H 0] 50
[€] 0] 5
N 0 5
Cl 0 0
[Br 0 1
Formula Calculator Results
[Formula [Best Mass Tgt Mass | Diff (ppm) _[Ton Species Score
C21 H18 Br N20 rue |393.0132 [393.0134 [5.57 C21 H18 Br N2O 89.69
C21 H17 Br N2O True |392.1210 [392.1213 [5.57 C21 H17 Br N20 89.69

Page 1 of 2

Agilent Technologies

Printed at 12:07 PM on 29-Jun-2021

HRMS Spectrum of compound 7f
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Qualitative Analysis Report

Data File BCR-P-CL-SM-349.d Sample Name
Sample Type Sample Position
Instrument Name Instrument 1 User Name

Acq Method hrms-pos-method.m Acquired Time
IRM Calibration

Status DA Method
Comment

Sample Group Info.

Acquisition SW

Stream Name =
Version

User Spectra

P1-Al
CSIR-IICT\Analyst
29-06-2021 11:54:51

1l.m

6200 series TOF/6500 series Q-TOF B.06.01 (B6172
sP1)

Fragmentor Voltage Ionization Mode
80 0 ESI

Collision Energy

x10 4 |+ESI Scan (rt: 0.59-0.63 min, 8 scans) Frag=80.0V BCR-P-CL-SM-349.d
| 349.1102
5 C21H18GIN20O
4
3
21130.1588
1 242.2839 610.1832
166.0972 H 391.2837 i h
0 “ i 1 i |\\“\ . L, - : : | l
150 200 250 300 350 400 450 500 550 600 650
Counts vs. Mass-to-Charge (m/z)
Peak List
m/z [ 'z [Abund [Formula [Ton|
[ 3491102 1 [ 52428.91|C21HI8CIN2 O [M+]
Formula Calculator El t Limits
Element  [Min [Max
€ 0 25
H 0 50
9] 0 5
N 0 5
cl 0 1

Formula Calculator Results

Formula Best |[Mass Tgt Mass [Diff (ppm) [Ion Species [Score
C21 HI8 CIN2 O True |349.1106 [349.1108 |0.51 C21 H18 CIN2 O [88.91
C21 H17 CIN2 O True |348.1028 |348.1029 ]0.51 C21 HI8 CIN2 O [88.91

Page 1 of 2

Agilent Technologies

Printed at 11:57 AM on 29-Jun-2021

HRMS Spectrum of compound 7h
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Qualitative Analysis Report

Data File BCR-2-4-DICL-SM-383.d Sample Name

Sample Type Sample Position P1-Al

Instrument Name Instrument 1 User Name CSIR-IICT\Analyst

Acq Method hrms-pos-method.m Acquired Time 29-06-2021 12:01:35

IRM Calibration

Status DA Method 11m

Comment

Sample Group Info.

Stream Name Acqu_isition sw 6200 series TOF/6500 series Q-TOF B.06.01 (B6172
Version SP1)

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
80 0 ESI

x10 5 |+tESI Scan (rt: 0.69-0.71 min, 5 scans) Frag=80.0V BCR-2-4-DICL-SM-383.d
121 383.0713
’ C21H17CI2N20O
1
0.8
0.6
0.4
021 130.1586 Adsipad
ol 166.0970 242'2‘83‘? L‘ ; ‘h 421.1907
150 200 250 300 350 400 450 500 550 600 650
Counts vs. Mass-to-Charge (m/z)
Peak List
m/z [ 'z [Abund [Formula [Ton|
[ 383.0713] 1 | 113774.95[C21H17/ CI2ZN2 0O [M+]
Formula Calculator El t Limits
Element  [Min [Max
€ 0 25
H 0 50
9] 0 5
N 0 5
Cl 0 2
Br 0] 0]
Formula Calculator Results
Formula Best |Mass Tgt Mass |Diff (ppm) |Ion Species [Score
C21 H17 C2 N2O |True [383.0717 [383.0718 [0.33 C21 H17 CI2 N2 O [96.01
C21 H16 C2 N2 O [True [382.0638 [382.064 [0.33 C21 H17 CI2 N2 O [96.01
Page 1 of 2 Printed at 12:03 PM on 29-Jun-2021
Agilent Technologies

HRMS Spectrum of compound 7i
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Qualitative Analysis Report

Data File BCR-3BR-SM-393.d Sample Name

Sample Type Sample Position

Instrument Name Instrument 1 User Name

Acq Method hrms-pos-method.m Acquired Time

ls:a!\:éalibration DA Method

Comment

Sample Group Info.

Stream Name Ac\qu.isition sw
Version

User Spectra

P1-AL
CSIR-TICT\Analyst
29-06-2021 12:25:51

11.m

6200 series TOF/6500 series Q-TOF B.06.01 (B6172
SP1)

Fragmentor Voltage Collision Energy Ionization Mode

80 0 ESI

x10 4 |*ESI Scan (rt: 0.80-0.83 min, 7 scans) Frag=80.0vV BCR-3-BR-SM-393.d
393.0181

8 C21H18BrN20

6

4

2

2422612 206.1215 344.1846 498.1856
odea bbb o A b, ‘ T
220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
Counts vs. Mass-to-Charge (m/z)
Peak List
m/z z Abund Formula Ton
393.0181 1 57812.55 [C21 H18 Br N2 O M+
Formula Calculator EI t Limits
[EN t  [Min Max
C 0] 25
H 0] 50]
[¢] 0] 5
N 0| 5
Cl [ 0
[Br 0 1
Formula Calculator Results
[Formula [Best Mass Tgt Mass | Diff (ppm) [Ton Species Score
C21 H18 Br N20 True  |393.0185 [393.0187 [5.57 C21 H18 Br N20 90.06
C21 H17 Br N20 True |392.1218 [392.1221 |5.57 C21 H17 Br N20 90.06
Page 1 of 2 Printed at 12:25 PM on 29-Jun-2021
Agilent Technologies

HRMS Spectrum of compound 7j
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11. Copies of 'H NMR, 3C NMR and HRMS Spectrums (8c, 8i-j):
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'H NMR Spectrum of compound 8¢
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Qualitative Analysis Report

Data File ber-5och3-fin-365.d Sample Name
Sample Type Sample Position P1-Al
Instrument Name Instrument 1 User Name CSIR-IICT\Analyst
Acq Method hrms-pos-method.m Acquired Time 29-06-2021 11:50:32
Comment
Sample Group Info.
Acquisition SW 6200 series TOF/6500 series Q-TOF B.06.01 (B6172
Stream Name c1 Q Version SP1)
N-N
HaCO\@ff\COZCZ%
User Spectra oo
Fragmentor Voltage Collision Energy Ionization Mode
80 0 ESI
x10 5 |*ESIScan (rt: 0.66-0.69 min, 7 scans) Frag=80.0V ber-50ch3-in-365.d
*365.1143

5 C20 H17 N2 05

4

3

2

746.2468
1
. 242.2839 | e 6842012 906.2569
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
Counts vs. Mass-to-Charge (m/z)

Peak List
miz [z [Abund !Formula [Ton|
[ 365.1143[ 1 | 486150.75]C20 H17 N2 O5 M+]

Formula Calculator Element Limits

[El Min Max

c 0 25
H 0 50
[0] 0 5
N 1] 5
Cl 0 0
S 0 0
B 0 0
ISe 0 1

Formula Calculator Results

[Formula [Best [Mass Tgt Mass [Diff (ppm) _[Ton Species Score
|C20 H17 N2 O5 [True [365.1147 [365.1137 [-2.53 |C20 H17 N2 O5 95.57
[True [364.1068 [364.1059 [-2.54 [C20 H17 N2 O5 95.57

[C20 H16 N2 O5

Page 1 0of 2
Agilent Technologies

Printed at 11:52 AM on 29-Jun-2021

HRMS Spectrum of compound 8¢
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Qualitative Analysis Report

Data File BCR-24-DICL-FIN.d Sample Name
Sample Type Sample Position P1-Al
Instrument Name Instrument 1 User Name CSIR-TICT\Analyst
Acq Method hrms-pos-method.m Acquired Time 29-06-2021 11:43:09
IRM Calibration
Staos I o v
Comment
Sample Group Info.
Acquisition SW 6200 series TOF/6500 series Q-TOF B.06.01 (B6172
Stream Name IC1 Version 5p1)
N-N  Cl
| _~C0,CHs
User Spectra
o~ "0
Fragmentor Voltage Collision Energy Ionization Mode
80 0 ESI

x10 5 |*ESI Scan (rt: 0.47-0.51 min, 8 scans) Frag=80.0V BCR-24-DICL-FIN.d
123 425.0072
15 403.0250
C19H13 CI2 N2 04
1.25
1 435.0512
0.75
0.5
0.25 448.0820
381.1398
0
340 350 360 370 380 390 400 410 420 430 440 450 460 470
Counts vs. Mass-to-Charge (m/z)
Peak List

m/z z [Abund
829.0238] 1 267065.28

Formula Calculator Element Limits

[El Min Max

G 0 25
H [i) 50|
[¢]) 0 5|
N 0 5|
F 0 0
[Br 0 0
a 0 2
S 0 1
B 0 1

Formula Calculator Results

[Formula [Best [Mass [Tgt Mass [Diff (ppm) [Ion Species

[Score

[C19H13C2 N2 04 [True [403.0253 [403.0252 ]-0.21 IC19 H13 CI2 N2 04

195.95

Page 1 of 2

Agilent Technologies

Printed at 11:46 AM on 29-Jun-2021

HRMS Spectrum of compound 8i
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Qualitative Analysis Report

Data File BCR-5BR-FIN-413.d Sample Name
Sample Type Sample Position P1-Al
Instrument Name Instrument 1 User Name
Acq Method hrms-pos-method.m Acquired Time
IRM Calibration
Status DA Method 11m
Comment
Sample Group Info.
Acquisition SW
Streans Name Version SP1

User Spectra

CSIR-IICT\Analyst
29-06-2021 12:03:42

6200 series TOF/6500 series Q-TOF B.06.01 (B5172

Fragmentor Voltage
80 0

Collision Energy

Ionization Mode
ESI

x10 4 |*ESI Scan (rt: 0.57-0.59 min, 5 scans) Frag=80.0V BCR-5BR-FIN-413.d
7 413.0134
C19 H14 Br N2 04
6
5 445.0395
4
3
2
663.4535
1 373.0177
B 3172402 | iN 517.4722 5855705 ‘L |
0 ety : ke T 5 et . T ey T T :
225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675
Counts vs. Mass-to-Charge (m/z)
Peak List
[m [ z [Abund Formula Ton|
[ 4130134 1 | 63994[C19 H14 Br N2 04 M+

Formula Calculator Element Limits

[Element  [Min Max

C

25

H

o]

N

(=) [=]{=]l=]{=[=]

Cl
[Br

50
5
5
0
1

Formula Calculator R

[Formula [Best [Mass Tgt Mass |Diff (ppm) |[Ion Sp Score
CIOHI4BrN2 04 [True [415.0138 [413.0157 [-0.28 C19 H14 Br N2 04 94.9
CIOHI3BrN2 04 [True [412.006 [412.0059 [-0.28 C19 H14 Br N2 04 [94.9

Agilent Technologies

Page 1 of 2

Printed at 12:06 PM on 29-Jun-2021

HRMS Spectrum of compound 8j
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12. GC-MS analysis data: The pyrazoline 3a, pyrazoledicarboxylate 5a, 1H-pyrazole 3aa,
and reaction mixture of pyrazoline 3a with ethyl acetylenedicarboxylate 4a have been
analysed by GC-MS using Simadzu-GCMS-QP2010 instrument. We have analyzed styrene
(bottle grade chemical) and compared with the reaction mixture. The results were depicted in
next page and analysis parameters were given below:

The Column Name: ZB-5MS; Column Length: 30.0 mm; Column Thickness: 0.25 um;
Column Diameter: 0.25 mm; Oven Temperature: 60.0 °C; Injection Temperature: 250.0 °C;
Injection Mode: Split; Carrier Gas: Helium; Prim. Pressure: 500-900; Pressure: 50.0 kPa;
Total Flow: 8.5 mL/min; Column Flow: 0.91 mL/min; Linear Velocity: 34.8 cm/sec; Purge

Flow: 3.0 mL/min; Split Ratio: 5.0.

S76



GC MS REPORT

BIOTRANSFORMATION LAB

Sample Information

Analyzed : 24-Nov-21 1:22:33 PM

Sample Name : 24Nov2021-CR-2-Pyrazoline

Sample ID : 24Nov2021-CR-2-Pyrazoline

Data File : D:\GCMS'Data'\Nov2021'24Nov2021-CR-2-Pyrazoline.qgd
Method File : D:\GCMS'\Data'\Nov202 ['\GC-Gen202 1-CR.qgm

Tuning File : D:\GCMS'\Data'\Dec2019\11-03-2020 with column.qgt

24Nov2021-CR-2-Pyrazoline

Chromatogram 24Nov2021-CR-2-Pyrazoline D:\GCMS'Data'Nov2021'24Nov202 1-CR-2-Pyrazoline.qgd

(Normalized) &
N-N
IO—)
HaC
l & TIC*1.00
: | - : : [ : T : f
10.0 20.0 28.0
min
Peak Report TIC
Peak# R.Time Area| Area%
1 24.720 353052 92.18
2 28.241 29967 7.82
383019 100.00
Spectrum
Line#:1 R.Time:24.7(Scan#:2487)
MassPeaks:28
RawMode:Averaged 24.7-24.7(2486-2488) BasePeak:91(35107)
BG Mode:Calc. from Peak Group I - Event 1
100 =
1 91,05
236.10

] 77.05
51.00 64.00

104.05 118.10 132.10
: | ! | il 1] i il

180.05 194,05

il
T

| Il
R e | EAARAEER WA dRant | P L R ] TR F A B OS] AR B R ARIER A PR AR R RS ] bt
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

nmwz
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Lme#2 R.Time:28.2(Scan#:2910)

MassPeaks:3
RawMode: Averaged 28.2-28.3(2909-2911) BasePeak:43(5369)
BG Mode:Calc. from Peak Group 1 - Event 1

10043100

GC-MS spectra of compound 3a
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GCMSREPORTBIOTRANSFO
RMATIONLAB

Sample Information

Analyzed :22-Nov-214:14:43PM

SampleName :22 Nov2021-CR-3-Carbox-pyr-2.qgd

Sample ID 122 Nov2021-CR-3-Carbox-pyr

DataFile :DAGCMS\Data\Nov202 1\22Nov202 1-CR-3-Carbox-pyr-2.qgd
Method :DAGCMS\Data\Nov202 NGC-Gen2021-CR.qgm

FileTuning F ile :DAGCMS\Data\Dec2019\11-03-2020withcolumn.qgt

22Nov2021-CR-3-Carbox-pyr-2.qgd

Chromatogram22Nov2021-CR-3-Carbox-pyr-2.qgdDAGCMS\Data\Nov202 1\22Nov202 [ -CR-3-Carbox-pyr-.qgd
S

(Normalized) &
N-N
| / 002CZH5
H3C
2 8 2 TIC*1.00
—— — ‘
b "1do i 20.0 28.0
min
Peak Report TIC
Peak# R.Time Area Area%
1 5.879 21127 1.69
2 9.271 28460 0.92
3 12.207 22224 2.68
4 25530 585333 94.70
657144 100.00
Spectrum
Line#: IR.Time:5.9(Scan#:226)]
MassPeaks: 4
RawMode:Averaged 5.9-5.9(225-227) BasePeak: 77(2816)
BG Mode: Calc. from Peak Group 1- Event 1
100
77,00 103.95
] 51100
T T T T T T T T T T T L T
40 50 60 70 80 90 100
mz

S79




Line#:2R.Time:9.3(Scan#:634)

MassPeaks: 4

RawMode: Averaged 9.3-9.3 (633-635) BasePeak:57(4764)
BG Mode: Cale. from Peak Group | — Event |

100
43100 57105
41,00
71105
T T T T
30 40 50 60 70 80
n'z
Line#:3R.Time:12.2(Scan#:986)
MassPeaks: 4
RawMode: Averaged 12.2-12.2(985-987) Base Peak:57(4146)
BG Mode: Cale. from Peak Group 1-Event 1
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SampleInformation

Analyzed 1 25-Nov-21 2:30:16 PM

SampleName : 25Nov2021-CR-7-RM-3.qgd

SamplelD : 25Nov2021-CR-7-RM-3

DataFile : DAGCMS\Data\Nov202 1\22Nov2021-CR-7-RM-3.qed
MethodFile : DAGCMS\Data\Nov202 NGC-Gen 202 1-CR.qgm
TuningFile : DAGCMS\Data\Dec2019\11-03-2020 withcolumn.qgt

25Nov2021-CR-7-RM-3.qed

Chromatogram 26Nov2021-CR-7-RM-3.qgd
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Analyzed
Sample Name
Sample ID
Data File
Method File
Tuning File

24Nov2021-CR-2-Pyrazoline

Chromatogram 24Nov202 1-CR-2-Pyrazoline D:\GCMS'Data'Nov2021'24Nov202 1-CR-2-Pyrazoline.qgd

GC MS REPORT
BIOTRANSFORMATION LAB

Sample Information

: 24-Nov-21 1:22:33 PM
: 24Nov2021-CR-2-Pyrazoline
: 24Nov2021-CR-2-Pyrazoline
: D:\GCMS'\Data\Nov2021'24Nov2021-CR-2-Pyrazoline.qgd
: DAGCMS \Data\Nov202 1'GC-Gen2021-CR.qgm
: D:\GCMS'Data\Dec2019'11-03-2020 with columm.qgt

(Normalized) =
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Peak Report TIC
Peak# R Time Area| Area%
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Line#:2 R Time:28 2(Scan#:2910)
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GC-MS spectrum of compound 3aa
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GC MS REPORT
BIOTRANSFORMATION LAB

Sample Information

Analyzed : 22-Nov-21 5:37:07 PM

Sample Name

: 22Nov2021-CR--6-styre-2.qgd

Sample ID : 22Nov2021-CR--6-styre

Data File : D:\GCMS'\Data\Nov2021'22Nov2021-CR--6-styre-2.qgd
Method File : D:\GCMS'\Data\Nov2021'\GC-Gen2021-CR.qgm

Tuning File : D:\GCMS\Data\Dec2019'11-03-2020 with column.qgt

22Nov2021-CR--6-styre-2.qgd

Chromatogram 22Nov2021-CR--6-styre-2.qgd D:\GCMS'\Data\Nov2021'22Nov2021-CR--6-styre-2.qgd
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Spectrum
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Line#:2 R.Time:28.7(Scan#:2960)

MassPeaks:6

RawMode:Averaged 28.7-28.7(2959-2961) BasePeak:91(17903)
BG Mode:Cale. from Peak Group 1 - Event 1
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GC-MS sample of Styrene (Bottle grade sample)

S86




benzene-1,2,3,4,5,6-

and hexaethyl

(Isolated  styrene

spectrum

"H-NMR

hexacarboxylate’):

13.

@Zy
mN.vW
1€
mm.w\

€T'S
€T°S
9T's
9T's

€L'S
€L'S V
LLs
LLS N

69'9
129 V
€97
14
9L
€L
Nm.NW

€L
/

vE'L
(4
(4
WL
'L

J M

CO,C,Hs
CO,CHs
CO,CHs

CO,CoHs

hexaethyl benzene-
1,2,3,4,5,6-hexacarboxylate

C2H502C
C,Hs0,C

o
[=
[
-
>
Fn
(7]

Toove

Fecst

=207

=0T

F ot

- ETT
B pTT
€T

0.0

05
S87

2.0 1.5 1.0

2.5

3.0

3.5

4.0

4.5

'H-NMR spectrum

6.0 5.5 5.0

6.5

7.0

7.5




14. Copies of 'TH-NMR Spectrums of crude reaction mixture (5a, 51, 5s & 8a, 8h):
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NMR tube reaction crude 'H-NMR spectrum of compound 5a after 24 hours
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15. X-ray crystallography data of compounds (5e¢ & 5n): X-ray data for the compounds Se
& 5n was collected at room temperature on a Bruker D8 QUEST instrument with an IuS Mo
microsource (A =0.7107 A) and a PHOTON-100 detector. The raw data frames were reduced
and corrected for absorption effects using the Bruker Apex 3 software suite programs [1].
The structure was solved using intrinsic phasing method [2] and further refined with the
SHELXL [2] program and expanded using Fourier techniques. Anisotropic displacement
parameters were included for all non-hydrogen atoms. All C bound H atoms were positioned
geometrically and treated as riding on their parent C atoms [C-H = 0.93-0.97 A, and Uj,(H) =
1.5U¢y(C) for methyl H or 1.2Uy(C) for other H atoms].

Crystal structure determination of Se:

Crystal Data for C;;H»0N,Os (M =332.35 g/mol): monoclinic, space group P2,/c (no. 14),
a=5.6344(3) A, b=34.6710(19) A, c = 8.8274(5) A, p=92.1715(18)°, V= 1723.20(16) A3,
Z= 4, T= 294.15K, p(MoKa)= 0.095 mm!, Dcalc= 1.281 g/cm3, 23948 reflections
measured (4.7° < 20 < 52.768°), 3501 unique (Riy = 0.0309, Rgigma = 0.0185) which were
used in all calculations. The final R; was 0.0433 (I > 2o(I)) and wR, was 0.1120 (all data).
CCDC 2070275 contains supplementary Crystallographic data for the structure.

OCH,

N-N =
| ) —CO2CzHs

HsC
CO,C,Hs

Figure SI. A view of 5e, showing the atom-labelling scheme. Displacement ellipsoids are

drawn at the 30% probability level and H atoms are represented by circles of arbitrary radii.
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Crystal structure determination of 5n:

Crystal Data for Cy)H;sN,O, (M =350.36 g/mol): triclinic, space group P-1 (no. 2), a =
8.9944(19) A, b= 10.698(2) A, c= 11.488(2) A, a= 116.186(6)°, f= 111.602(6)°, y=
90.504(7)°, V= 902.6(3) A3, Z= 2, T= 294.15K, u(MoKa)= 0.091 mm’!, Dcalc=
1.289 g/cm?, 23581 reflections measured (4.336° <20 < 56.91°), 4518 unique (R;, = 0.0685,
Rgigma = 0.0492) which were used in all calculations. The final R; was 0.0574 (I > 2¢(I)) and
wR, was 0.1727 (all data). CCDC 2070274 contains supplementary Crystallographic data for

the structure.

NN CHj
| Y/ CO,CH;4

CO,CHj

Figure SII. A view of 5n, showing the atom-labelling scheme. Displacement ellipsoids are
drawn at the 30% probability level and H atoms are represented by circles of arbitrary radii.
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].

1. Bruker (2016). APEX3, SAINT and SADABS. Bruker AXS, Inc., Madison,
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2. Sheldrick G. M. (2015) Acta Crystallogr C71: 3-8.
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