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1. General Information

All reagents and metal catalysts were obtained from commercial sources without
further purification, and commercially available solvents were purified before use.
All new compounds were fully characterized. All melting points were taken on a
WRS-1A or a WRS-1B Digital Melting Point Apparatus without correction. Infrared
spectra were obtained using an AVATAR 370 FT-IR spectrometer. 'H and °C NMR
spectra were recorded with a Bruker AV-500 spectrometer operating at 500, 125 and
470 MHz, respectively, with chemical shift values being reported in ppm relative to
chloroform (8 = 7.26 ppm), dimethyl sulfoxide (6 = 2.50 ppm) or TMS (& = 0.00
ppm) for "H NMR, and chloroform (8 = 77.16 ppm) or dimethyl sulfoxide (8 = 39.52
ppm) for °C NMR. Mass spectra and high resolution mass spectra were recorded
with an Agilent 5975N using an Electron impact (EI) or Electrospray ionization (ESI)
techniques. Silica gel plate GF254 were used for thin layer chromatography (TLC)
and silica gel H or 300-400 mesh were used for flash column chromatography.
Yields refer to chromatographically and spectroscopically pure compounds, unless

otherwise indicated.
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2. Synthesis and Characterization for Hydrazones

P(OEt),
NI,NH

¢

Diethyl (2-(1,3-diphenylallylidene)hydrazinyl)phosphonate (1a): A mixture of
chalcone (1.04 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g, 7.5
mmol) in EtOH (20 mL) was stirred overnight at 78 °C. The reaction was cooled to
room temperature after complete consumption of chalcone as monitored by TLC
analysis. The reaction mixture was evaporated to dry under reduced pressure and the
crude product was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 2/1) to yield 1a (1.52 g, 85%) as a colorless solid. M.p. 176-178 °C. IR
(KBr): 3151, 2978, 2870, 1617, 1544, 1442, 1326, 1235, 1110, 1036, 972, 762 cm’';
'H NMR (DMSO-dg, 500 MHz): 6 = 9.35 (d, “Jp.; = 26.8 Hz, 1H), 7.69-7.65 (m, 3H),
7.45-7.37 (m, 7H), 7.33 (t, J = 7.2 Hz, 1H), 6.69 (d, J = 16.2 Hz, 1H), 4.10-4.01 (m,
4H), 1.25 (t, J = 7.0 Hz, 6H); °C NMR (DMSO-ds, 125 MHz): § = 149.7 (d, *Jp.c =
18.8 Hz), 137.9, 137.5, 136.0, 129.0, 128.7, 128.6, 128.5, 128.3, 127.7, 117.9, 62.3 (d,
*Jo.c = 6.3 Hz), 16.1 (d, *Jp.c = 6.3 Hz); MS (EI) m/z: 358 (6) [M ], 206 (100); HRMS
(ESI) m/z: Calcd for Ci9Hy4N,0O5P [M+H]": 359.1519, found: 359.1521.

Il
P(OEt),
.NH

MeO O l = O

Diethyl (2-(1-(3-methoxyphenyl)-3-phenylallylidene)hydrazinyl)phosphonate
(1b): Following the same procedure used for la with 1-(3-methoxyphenyl)-3-
phenylprop-2-en-1-one (1.19 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester
(1.26 g, 7.5 mmol) in EtOH (20 mL). The crude product was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield 1b (1.44 g, 74%)
as a colorless solid. M.p. 136-138 °C. IR (KBr): 3446, 3166, 2983, 1600, 1464, 1437,
1236, 1030, 978, 888, 767 cm™; "H NMR (DMSO-dg, 500 MHz): 6 = 9.35 (d, *Jp.s =
26.9 Hz, 1H), 7.69 (d, J = 7.6 Hz, 2H), 7.64 (d, J = 16.2 Hz, 1H), 7.40-7.32 (m, 4H),
7.04-6.98 (m, 3H), 6.72 (d, J = 16.1 Hz, 1H), 4.11-4.02 (m, 4H), 3.77 (s, 3H), 1.26 (t,
J=17.1 Hz, 6H); °C NMR (DMSO-ds, 125 MHz): § = 159.0, 149.4 (d, *Jp.c = 17.6
Hz), 138.9, 137.9, 136.0, 129.3, 129.0, 128.6, 127.7, 121.1, 117.8, 114.2, 114.0, 62.4
(d, *Jp.c = 5.5 Hz), 55.0, 16.1 (d, *Jp.c = 6.3 Hz); MS (EI) m/z: 388 (12) [M], 236
(100); HRMS (ESI) m/z: Caled for CaHyN,O4P [M+H]": 389.1625, found:
389.1628.

P(OEY),
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Diethyl (2-(1-(4-methoxyphenyl)-3-phenylallylidene)hydrazinyl)phosphonate (1c):
Following the same procedure used for 1a with 1-(4-methoxyphenyl)-3-phenylprop-
2-en-1-one (1.19 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g, 7.5
mmol) in EtOH (20 mL). The crude product was purified by column chromatography
on silica gel (petroleum ether/EtOAc = 1/1) to yield 1c (1.49 g, 77%) as a colorless
solid. M.p. 140-142 °C. IR (KBr): 3445, 3145, 2976, 1607, 1512, 1442, 1302, 1252,
1031, 977, 813, 764 cm™; '"H NMR (DMSO-ds, 500 MHz): 6 = 9.22 (d, “Jp.y = 26.5
Hz, 1H), 7.68 (d, J = 7.5 Hz, 2H), 7.61 (d, J = 16.5 Hz, 1H), 7.41-7.32 (m, 5H), 6.99
(d, J=8.5Hz, 2H), 6.71 (d,J=16.0 Hz, 1H), 4.10-4.01 (m, 4H), 3.80 (s, 3H), 1.25 (t,
J =17.0 Hz, 6H); °C NMR (DMSO-ds, 125 MHz): § = 159.5, 149.5 (d, *Jp.c = 17.5
Hz), 137.9, 136.1, 129.9, 128.9, 128.6, 127.7, 118.2, 113.6, 62.3 (d, *Jp.c = 6.3 Hz),
55.2, 16.1 (d, *Jp.c = 6.3 Hz); MS (EI) m/z: 388 (19) [M"], 235 (100); HRMS (ESI)
m/z: Caled for Co0HasN,O4P [M+H]": 389.1625, found: 389.1619.

9
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Diethyl (2-(1-(3-chlorophenyl)-3-phenylallylidene)hydrazinyl)phosphonate (1d):
Following the same procedure used for la with 1-(3-chlorophenyl)-3-phenylprop-
2-en-1-one (1.21 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g, 7.5
mmol) in EtOH (20 mL). The crude product was purified by column chromatography
on silica gel (petroleum ether/EtOAc = 2/1) to yield 1d (1.37 g, 70%) as a colorless
solid. M.p. 121-123 °C. IR (KBr): 3442, 3181, 2982, 1443, 1329, 1243, 1127, 1034,
977, 754 cm™'; '"H NMR (DMSO-ds, 500 MHz): § = 9.44 (d, *Jp.y = 27.0 Hz, 1H),
7.69 (d, J = 7.5 Hz, 2H), 7.63 (d, J = 16.2 Hz, 1H), 7.49-7.34 (m, 7H), 6.70 (d, J =
16.3 Hz, 1H), 4.10-4.01 (m, 4H), 1.25 (t, J = 7.0 Hz, 6H); °C NMR (DMSO-d,, 125
MHz): § = 148.2 (d, *Jp.c = 17.5 Hz), 139.7, 138.0, 135.9, 133.0, 130.2, 129.1, 128.6,
128.4, 128.2, 127.7, 127.4, 117.6, 62.4 (d, *Jp.c = 5.0 Hz), 16.0 (d, *Jpo.c = 6.3 Hz);
MS (EI) m/z: 394 (2) [M" C'C1)], 392 (7) [M™ (*°CD)], 240 (100); HRMS (ESI) m/z:
Calcd for C19H2;CIN,OsP [M+H]+: 393.1129, found: 393.1133.

I
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NH
\

>
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Diethyl (2-(1-(4-bromophenyl)-3-phenylallylidene)hydrazinyl)phosphonate (1le):
Following the same procedure used for la with 1-(4-bromophenyl)-3-phenylprop-
2-en-1-one (1.44 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g, 7.5
mmol) in EtOH (20 mL). The crude product was purified by column chromatography
on silica gel (petroleum ether/EtOAc = 2/1) to yield le (1.55 g, 71%) as a colorless
solid. M.p. 140-142 °C. IR (KBr): 3119, 2979, 2873, 1442, 1251, 1070, 1036, 979,
792 cm™; '"H NMR (DMSO-ds, 500 MHz): 6 = 9.40 (d, “Jp.; = 24.5 Hz, 1H), 7.69 (d,
J =17.5 Hz, 2H), 7.65-7.62 (m, 3H), 7.42-7.32 (m, 5H), 6.70 (d, J = 16.0 Hz, 1H),
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4.10-4.01 (m, 4H), 1.25 (t, J = 7.0 Hz, 6H); °C NMR (DMSO-ds, 125 MHz): 6 =
148.6 (d, *Jp.c = 17.5 Hz), 138.0, 136.7, 135.9, 131.2, 130.7, 129.1, 128.6, 127.7,
121.8, 117.6, 62.4 (d, *Jo.c = 6.3 Hz), 16.1 (d, *Jp.c = 6.3 Hz); MS (EI) m/z: 438 (5)
M~ ('Br)], 436 (6) [M" (Br)], 284 (100); HRMS (ESI) m/z: Calcd for
C1oH23BrN,OsP [M+H]": 437.0624, found: 437.0624.

(0]
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Diethyl (2-(3-(2-bromophenyl)-1-phenylallylidene)hydrazinyl)phosphonate (1f):
Following the same procedure used for la with 3-(2-bromophenyl)-1-phenylprop-
2-en-1-one (1.44 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g, 7.5
mmol) in EtOH (20 mL). The crude product was purified by column chromatography
on silica gel (petroleum ether/EtOAc = 2/1) to yield 1f (1.75 g, 80%) as a colorless
solid. M.p. 192-194 °C. IR (KBr): 3157, 2981, 2863, 1469, 1437, 1234, 1163, 1110,
1039, 973, 766 cm™; "H NMR (DMSO-dq, 500 MHz): 6 = 9.45 (d, “Jp.y = 27.0 Hz,
1H), 8.16-8.14 (m, 1H), 7.65-7.27 (m, 9H), 7.01 (d, J = 16.0 Hz, 1H), 4.11-4.02 (m,
4H), 1.26 (t, J = 7.3 Hz, 6H); °C NMR (DMSO-ds, 125 MHz): § = 149.3 (d, *Jp.c =
18.8 Hz), 137.2, 135.8, 135.4, 132.9, 130.7, 128.7, 128.2, 128.1, 127.9, 124.0, 120.7,
62.4 (d, 2Jp.c = 5.0 Hz), 16.1 (d, *Jp.c = 6.3 Hz); MS (EI) m/z: 438 (5) [M" (*'Br)],
436 (6) [M™ ("Br)], 286 (100); HRMS (ESI) m/z: Calcd for C19Hy3BrN,OsP [M+H]":
437.0624, found: 437.0619.

.IFI’(OEt)Z

NH
N
Br Br

Diethyl  (2-(1,3-bis(4-bromophenyl)allylidene)hydrazinyl)phosphonate  (19):
Following the same procedure used for la with 1,3-bis(4-bromophenyl)prop-
2-en-1-one (1.83 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g,
7.5 mmol) in EtOH (20 mL). The crude product was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield 1g (1.88 g,
73%) as a colorless solid. M.p. 167-169 °C. IR (KBr): 3128, 2976, 2900, 1587, 1486,
1436, 1391, 1245, 1072, 1034, 1007, 977, 815, 788 cm™'; 'H NMR (DMSO-ds, 500
MHz): § = 9.42 (d, *Jp.y = 26.8 Hz, 1H), 7.66-7.57 (m, 7H), 7.40 (d, J = 8.5 Hz, 2H),
6.68 (d, J = 16.2 Hz, 1H), 4.09-4.01 (m, 4H), 1.24 (t, J = 7.1 Hz, 6H); °C NMR
(DMSO-dg, 125 MHz): § = 148.3 (d, *Jp.c = 17.5 Hz), 136.6, 136.5, 135.3, 131.5,
131.2, 130.7, 129.6, 122.2, 121.9, 118.3, 62.4 (d, “Jp.c = 5.0 Hz), 16.1 (d, *Jp.c = 6.3
Hz); MS (EI) m/z: 518 (1) [M" (*'Br, Br)], 516 (2) [M" (2x”’Br)], 408 (54), 406
(100), 404 (53); HRMS (ESI) m/z: Caled for Ci9H2BroN,OsP [M+H]": 514.9729,
found: 514.97009.
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Diethyl (2-(3-(naphthalen-1-yl)-1-phenylallylidene)hydrazinyl)phosphonate (1h):
Following the same procedure used for 1a with 3-(naphthalen-1-yl)-1-phenylprop-
2-en-1-one (1.29 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g,
7.5 mmol) in EtOH (20 mL). The crude product was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield 1h (1.55 g,
76%) as a colorless solid. M.p. 173-175 °C. IR (KBr): 3444, 3143, 2980, 1444, 1390,
1229, 1168, 1115, 1038, 966, 773 cm™'; 'H NMR (DMSO-ds, 500 MHz): § = 9.43 (d,
*Jo.y = 26.5 Hz, 1H), 8.21 (d, J = 7.0 Hz, 1H), 7.97-7.83 (m, 3H), 7.70 (d, J = 16.0
Hz, 1H), 7.62-7.47 (m, 9H), 4.12-4.03 (m, 4H), 1.27 (t, J = 7.3 Hz, 6H); °C NMR
(DMSO-dg, 125 MHz): § = 150.1 (d, *Jp.c = 17.5 Hz), 137.7, 134.3, 133.3, 132.7,
130.7, 129.2, 128.7, 128.6, 128.5, 128.3, 126.8, 126.0, 125.6, 124.7, 122.6, 120.5,
62.4 (d, *Jp.c = 6.3 Hz), 16.1 (d, *Jp.c = 6.3 Hz); MS (EI) m/z: 408 (6) [M'], 256
(100); HRMS (ESI) m/z: Caled for CpHy¢N,OsP [M+H]": 409.1676, found:
409.1673.

Diethyl (2-(1-(naphthalen-2-yl)-3-phenylallylidene)hydrazinyl)phosphonate (1i):
Following the same procedure used for 1a with 1-(naphthalen-2-yl)-3-phenylprop-
2-en-1-one (1.29 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g,
7.5 mmol) in EtOH (20 mL). The crude product was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 2/1) to yield 1i (1.72 g, 84%)
as a colorless solid. M.p. 144-146 °C. IR (KBr): 3142, 2978, 2866, 1624, 1545, 1438,
1236, 1100, 1037, 974, 815, 764 cm™; "H NMR (DMSO-ds, 500 MHz): 6 = 9.41 (d,
*Jo. = 26.8 Hz, 1H), 7.99-7.94 (m, 4H), 7.75-7.69 (m, 3H), 7.65 (d, J = 8.5 Hz, 1H),
7.55-7.53 (m, 2H), 7.39 (t, /= 7.4 Hz, 2H), 7.34 (t,J = 7.1 Hz, 1H), 6.79 (d, J = 16.2
Hz, 1H), 4.13-4.05 (m, 4H), 1.28 (t, J = 7.0 Hz, 6H); °C NMR (DMSO-ds, 125
MHz): § = 149.6 (d, *Jp.c = 18.8 Hz), 138.2, 136.1, 135.0, 132.9, 132.6, 129.0, 128.6,
128.3, 127.9, 127.7, 127.6, 127.5, 126.5, 126.4, 126.3, 118.1, 62.4 (d, *Jp.c = 5.0 Hz),
16.1 (d, *Jp.c = 6.3 Hz). MS (EI) m/z: 408 (7) [M'], 271 (14), 255 (100); HRMS
(ESI) m/z: Calcd for Cp3Hy6N,O5P [M+H]": 409.1676, found: 409.1673.
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Diethyl  (2-(1-(furan-2-yl)-3-phenylallylidene)hydrazinyl)phosphonate  (1j):
Following the same procedure used for la with 1-(furan-2-yl)-3-phenylprop-
2-en-1-one (0.99 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g,
7.5 mmol) in EtOH (20 mL). The crude product was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 1/1) to yield 1j (1.36 g ,78%)
as a colorless solid. M.p. 137-139 °C. IR (KBr): 3160, 2985, 1621, 1540, 1495, 1436,
1394, 1318, 1235, 1037, 972, 763 cm™'; "H NMR (DMSO-ds, 500 MHz): 6 = 9.35 (d,
*Jo.y = 26.8 Hz, 1H), 7.77-7.71 (m, 3H), 7.48 (d, J = 16.2 Hz, 1H), 7.41 (t, J= 7.4
Hz, 2H), 7.35 (t, J= 7.2 Hz, 1H), 7.07 (d, J = 16.2 Hz, 1H), 6.65 (d, J = 3.4 Hz, 1H),
6.59-6.58 (m, 1H), 4.11-4.01 (m, 4H), 1.26 (t, J= 7.1 Hz, 6H); °C NMR (DMSO-d,
125 MHz): 6 = 150.6, 143.4, 140.5 (d, *Jp.c = 18.8 Hz), 137.4, 136.0, 129.1, 128.6,
127.7,116.6, 111.3, 110.4, 62.5 (d, Jp.c = 5.0 Hz), 16.0 (d, *Jp.c = 6.3 Hz); MS (EI)
m/z: 348 (8) [M'], 196 (100), 195 (90), 152 (30); HRMS (ESI) m/z: Calcd for
C17H2,N,04P [M+H]": 349.1312, found: 349.1313.

]

P(OEt),
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N
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Diethyl (2-(3-phenyl-1-(pyridin-3-yl)allylidene)hydrazinyl)phosphonate (1k):
Following the same procedure used for la with 3-phenyl-1-(pyridin-3-yl)prop-
2-en-1-one (1.05 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g,
7.5 mmol) in EtOH (20 mL). The crude product was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 1/2) to yield 1k (1.28 g,
71%) as a colorless solid. M.p. 195-197 °C. IR (KBr): 3184, 2979, 1712, 1621, 1581,
1442, 1328, 1242, 1040, 974, 804, 752 cm™; 'H NMR (DMSO-ds, 500 MHz): 6 =
9.53 (d, *Jp.u = 26.9 Hz, 1H), 8.64-8.61 (m, 2H), 7.84 (d, J = 7.9 Hz, 1H), 7.72-7.69
(m, 3H), 7.47 (dd, J = 7.8 Hz, 4.8 Hz, 1H),7.39 (t, J = 7.3 Hz, 2H), 7.34 (t, /= 7.2
Hz, 1H), 6.71 (d, J = 16.2 Hz, 1H), 4.11-4.02 (m, 4H), 1.25 (t, J= 7.1 Hz, 6H); °C
NMR (DMSO-dg, 125 MHz): § = 149.4, 149.3, 147.2 (d, *Jp.c = 18.8 Hz), 138.0,
136.2, 135.9, 133.3, 129.1, 128.6, 127.8, 123.4, 117.6, 62.4 (d, *Jp.c = 5.0 Hz), 16.1
(d, *Je.c = 6.3 Hz); MS (EI) m/z: 359 (3) [M'], 222 (14), 207 (100); HRMS (ESI)
m/z: Caled for C gHx3N305P [M+H]": 360.1472, found: 360.1481.

Il
P(OEt),
NH

o~ 7C

Diethyl (2-(1,5-diphenylpenta-1,4-dien-3-ylidene)hydrazinyl)phosphonate (1I):
Following the same procedure used for la with 1,5-diphenylpenta-1,4-dien-3-one
(1.17 g, 5.0 mmol) and phosphorohydrazidic acid diethyl ester (1.26 g, 7.5 mmol) in
EtOH (20 mL). The crude product was purified by column chromatography on silica

gel (petroleum ether/EtOAc = 2/1) to yield 1l (1.65 g, 86%) as a colorless solid. M.p.
112-114 °C. IR (KBr): 3166, 3022, 2979, 1625, 1540, 1492, 1440, 1333, 1236, 1093,
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1032, 980, 801, 754 cm™; 'H NMR (DMSO-ds, 500 MHz): 6 = 9.20 (d, “Jp.i; = 27.0
Hz, 1H), 7.76 (d, J = 7.4 Hz, 2H), 7.62 (d, J = 7.4 Hz, 2H), 7.44-7.35 (m, 6H), 7.29
(t, J=7.3 Hz, 1H), 7.17 (d, J= 16.4 Hz, 1H), 7.12 (d, J = 16.1 Hz, 1H), 7.03 (d, J =
16.1 Hz, 1H), 4.12-4.02 (m, 4H), 1.27 (t, J= 7.1 Hz, 6H); °C NMR (DMSO-d, 125
MHz): § = 147.0 (d, *Jp.c = 18.8 Hz), 136.5, 136.3, 132.1, 128.8, 128.7, 128.6, 128.1,
127.6, 126.9, 125.1, 117.5, 62.4 (d, Jp.c = 5.0 Hz), 16.1 (d, *Jp.c = 6.3 Hz); MS (EI)
m/z: 384 (5) [M], 233 (33), 230 (100), 103 (25), 91 (20); HRMS (ESI) m/z: Calcd
for C2Ha6N,O3P [M+H]": 385.1676, found: 385.1672.

?
P(OiPr),
_NH
N

¢

Diisopropy! (2-(1,3-diphenylallylidene)hydrazinyl)phosphonate (1a’): Following
the same procedure used for la with chalcone (1.04 g, 5.0 mmol) and
phosphorohydrazidic acid diisopropyl ester (1.47 g, 7.5 mmol) in EtOH (20 mL).
The crude product was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 2/1) to yield 1a’ (1.58 g, 82%) as a colorless solid. M.p. 172-174 °C.
IR (KBr): 3176, 2979, 1617, 1443, 1380, 1236, 1113, 1011, 763 cm™; 'H NMR
(DMSO-dgs, 500 MHz): § = 927 (d, *Jpu = 26.7 Hz, 1H), 7.69-7.65 (m, 3H),
7.45-7.33 (m, 8H), 6.67 (d, J=16.1 Hz, 1H), 4.61-4.53 (m, 2H), 1.27 (d, /= 6.2 Hz,
6H), 1.24 (d, J = 6.2 Hz, 6H); °C NMR (DMSO-d,, 125 MHz): § = 149.3 (d, *Jp.c =
18.8 Hz), 137.8, 137.7, 136.0, 129.0, 128.6, 128.5, 128.4, 128.2, 127.6, 118.0, 70.6
(d, *Jp.c = 5.0 Hz), 23.6 (d, *Jp.c = 5.0 Hz), 23.4 (d, *Jp.c = 5.0 Hz); MS (EI) m/z:
386 (7) [M'], 206 (100); HRMS (ESI) m/z: Caled for C, HagN,OsP [M+H]":
387.1832, found: 387.1830.

o}
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Dimethyl (2-(1,3-diphenylallylidene)hydrazinyl)phosphonate (1a’’): Following
the same procedure used for la with chalcone (1.04 g, 5.0 mmol) and
phosphorohydrazidic acid dimethyl ester (1.05 g, 7.5 mmol) in EtOH (20 mL). The
crude product was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 2/1) to yield 1a’” (1.42 g, 86%) as a colorless solid. M.p. 175-177 °C.
IR (KBr): 3154, 3016, 1621, 1442, 1328, 1245, 1039, 970, 847, 795 cm™'; '"H NMR
(DMSO-ds, 500 MHz): § = 9.41 (d, “Jp.u = 26.8 Hz, 1H), 7.69-7.64 (m, 3H),
7.47-7.42 (m, SH), 7.39 (t, J= 7.3 Hz, 2H), 7.34 (t, J= 7.2 Hz, 1H), 6.70 (d, ] = 16.1
Hz, 1H), 3.70 (d, *Jp.; = 11.2 Hz, 6H); °C NMR (DMSO-ds, 125 MHz): 6 = 150.2
(d, *Jo.c = 17.5 Hz), 138.1, 137.4, 136.0, 129.0, 128.7, 128.6, 128.5, 128.2, 127.7,
117.9, 53.3 (d, *Jp.c = 5.0 Hz); MS (EI) m/z: 330 (15) [M"], 206 (100); HRMS (ESI)
m/z: Caled for C7HN,OsP [M+H]": 331.1206, found: 331.1198.
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3. Synthesis and Characterization for Pyrazoles

3,5-Diphenyl-1H-pyrazol-4-yl acetate (3aa)!':: A mixture of compound la (107.5
mg, 0.3 mmol), CuCl, (4.0 mg, 0.03 mmol), HOAc (21.6 mg, 0.36 mmol), K,CO;
(49.8 mg, 0.36 mmol) and H,O (50 uL) in DMSO (1.5 mL) was stirred at 50 °C for 5
h under oxygen atmosphere. The reaction was cooled to room temperature after
complete consumption of 1a as monitored by TLC analysis. Upon completion, the
reaction was diluted by EtOAc (10 mL) and H,O (30 mL). The aqueous layer was
extracted with EtOAc (3x10 mL) and the combined organic layer was dried over
Na,SOy, then filtered and concentrated in vacuo. The given residue was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 7/1) to give 3aa (57.6
mg, 69%) as a white solid. M.p. 188-190 °C. IR (KBr): 3422, 3227, 1761, 1492, 1448,
1370, 1197, 1145, 955, 760, 693 cm™; "H NMR (CDCls, 500 MHz): § = 9.19 (br, NH),
7.60-7.59 (m, 4H), 7.36-7.32 (m, 6H), 2.28 (s, 3H); °C NMR (CDCls, 125 MHz): ¢
=169.2, 139.6, 129.7, 129.0, 128.9, 128.6, 126.4, 20.9; MS (EI) m/z: 278 (10) [M'],
237 (18), 236 (100).

N-NH
o O
O OAc

3-(3-Methoxyphenyl)-5-phenyl-1H-pyrazol-4-y| acetate (3ba): Following the same
procedure used for 3aa with compound 1b (116.5 mg, 0.3 mmol), CuCl, (4.0 mg,
0.03 mmol), HOAc (21.6 mg, 0.36 mmol), K,COs3 (49.8 mg, 0.36 mmol) and H,O (50
pL) in DMSO (1.5 mL). After 6 h at 50 °C, purification by column chromatography
on silica gel (petroleum ether/EtOAc = 5/1) to yield 3ba (64.6 mg, 70%) as a yellow
oil. IR (KBr): 3321, 2933, 1762, 1709, 1594, 1465, 1368, 1270, 1195, 1036, 971 cm’';
'H NMR (DMSO-ds, 500 MHz): 6 = 7.70 (d, J = 7.5 Hz, 2H), 7.48 (t, J= 7.5 Hz, 2H),
7.41-7.26 (m, 4H), 6.96 (d, J = 6.7 Hz, 1H), 3.81 (s, 3H), 2.36 (s, 3H); °C NMR
(DMSO-dg, 125 MHz): 6 = 169.2, 159.6, 141.6, 130.2, 129.0, 128.8, 128.4, 128.1,
125.5, 125.1, 117.8, 113.9, 110.8, 110.5, 55.1, 20.6; MS (MALDI/DHB) m/z: 309
(100) [M'H]; HRMS (MALDI/DHB) m/z: Calcd for C;sH;7N,0; [M+H]": 309.1234,
found: 309.1234.

~NH
cl r\f Y O
O OAc

3-(3-Chlorophenyl)-5-phenyl-1H-pyrazol-4-yl acetate (3ca): Following the same
procedure used for 3aa with compound 1c (117.8 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03
mmol), HOAc (21.6 mg, 0.36 mmol), K,CO; (49.8 mg, 0.36 mmol) and H,O (50 pL)
in DMSO (1.5 mL). After 4 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 7/1) to yield 3da (62.8 mg, 67%) as a white solid.
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M.p. 163-165 °C. IR (KBr): 3240, 3079, 2924, 1760, 1590, 1371, 1204, 1150, 1006,
961, 890, 764, 692 cm™'; "H NMR (CDCls, 500 MHz): 6 = 11.00 (br, NH), 7.61 (s,
1H), 7.55 (d, J = 7.8 Hz, 2H), 7.48 (d, J = 7.2 Hz, 1H), 7.38-7.33 (m, 3H), 7.29-7.22
(m, 2H), 2.30 (s, 3H); °C NMR (CDCls, 125 MHz): 0 = 168.9, 139.9, 138.4, 134.8,
1319, 130.2, 129.1, 1289, 128.7, 128.6, 126.5, 126.3, 124.5, 20.9; MS
(MALDI/DHB) m/z: 315 (33) [M'H (’'CD)], 313 (100) [M'H (**Cl)]; HRMS (ESI)
m/z: (MALDI/DHB) m/z: Caled for C;7H;4N,0,Cl [M+H]": 313.0738, found:
313.0738.

N-NH

rav
O OAc
MeO

3-(4-Methoxyphenyl)-5-phenyl-1H-pyrazol-4-y| acetate (3da): Following the same
procedure used for 3aa with compound 1d (116.5 mg, 0.3 mmol), CuCl, (4.0 mg,
0.03 mmol), HOAc (21.6 mg, 0.36 mmol), K,COs3 (49.8 mg, 0.36 mmol) and H,O (50
pL) in DMSO (1.5 mL). After 4 h at 50 °C, purification by column chromatography
on silica gel (petroleum ether/EtOAc = 5/1) to yield 3da (55.5 mg, 60%) as a white
solid. M.p. 174-176 °C. IR (KBr): 3228, 2861, 1759, 1615, 1537, 1511, 1368, 1251,
1030, 958, 834, 696 cm’™'; '"H NMR (CDCls, 500 MHz): § = 11.11 (br, NH), 7.59 (d, J
= 6.6 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 7.36-7.29 (m, 3H), 6.85 (d, J = 8.8 Hz, 2H),
3.80 (s, 3H), 2.27 (s, 3H); *C NMR (CDCl;, 125 MHz): § = 169.2, 159.9, 139.8,
139.2, 129.8, 128.9, 128.5, 128.4, 127.8, 126.5, 121.9, 114.4, 55.4, 20.9; MS
(MALDI/DHB) m/z: 309 [M"H]; HRMS (MALDI/DHB) m/z: (ESI) m/z: Caled for
CisH17N,03[M+H]": 309.1234, found: 309.1234.

N-NH
L)
O OAc
Br

3-(4-Bromophenyl)-5-phenyl-1H-pyrazol-4-yl acetate (3ea): Following the same
procedure used for 3aa with compound 1e (131.2 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03
mmol), HOAc (21.6 mg, 0.36 mmol), K,COs (49.8 mg, 0.36 mmol) and H,O (50 pL)
in DMSO (1.5 mL). After 5 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 7/1) to yield 3da (70.7 mg, 66%) as a white solid.
M.p. 239-241 °C. IR (KBr): 3220, 1775, 1753, 1491, 1450, 1369, 1193, 1149, 958,
884, 824, 760, 683 cm™'; H NMR (DMSO-ds, 500 MHz): 6 = 13.59-13.57 (m, NH),
7.73 (d, J=8.4 Hz, 1.5H), 7.68 (d, J= 8.5 Hz, 1.3H), 7.65 (d, /= 8.2 Hz), 7.60 (d, J =
8.3 Hz, 0.8H), 7.51 (t,J=7.7 Hz, 1.3H), 7.45 (t, /= 7.6 Hz, 0.8H), 7.41 (t,J= 7.4 Hz,
0.6H), 7.35 (t, J = 7.3 Hz, 0.4H), 2.37 (s, 3H); °C NMR (DMSO-ds, 125 MHz): J =
169.1, 142.4, 141.3, 133.5, 132.3, 132.2, 131.8, 131.2, 129.2, 128.8, 128.5, 128.3,
127.8, 127.6, 127.5, 127.3, 125.6, 125.4, 121.6, 120.9, 20.6; MS (MALDI/DHB) m/z:
359 (98) [M'H (*'Br)], 357 (100) [M'H ("Br)]; HRMS (MALDI/DHB) m/z: Calcd
for C17H14N,0,Br [M+H]": 357.0233, found: 357.0233.
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5-(2-Bromophenyl)-3-phenyl-1H-pyrazol-4-yl acetate (3fa): Following the same
procedure used for 3aa with compound 1f (131.2 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03
mmol), HOAc (21.6 mg, 0.36 mmol), K,COs (49.8 mg, 0.36 mmol) and H,O (50 pL)
in DMSO (1.5 mL). After 8 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 7/1) to yield 3fa (65.6 mg, 61%) as a yellow oil.
IR (KBr): 3219, 3070, 2927, 1767, 1607, 1442, 1367, 1251, 1190, 1145, 1019, 883,
760 cm™; "H NMR (DMSO-dg, 500 MHz): 6 = 13.59-13.34 (m, NH), 7.74-7.37 (m,
9H), 2.19 (s, 3H); °*C NMR (DMSO-ds, 125 MHz): § = 168.6, 143.5, 133.0, 132.3,
131.8, 129.0, 128.8, 128.3, 127.7, 125.5, 122.6, 20.4; MS (EI) m/z: 358 (4) [M"
(¢'Br)], 356 (5) [M"("Br)], 104 (100); HRMS (ESI) m/z: Caled for C7H;4N,O,Br
[M+H]": 357.0233, found: 357.0223.

N-NH

L/ O Br
Br O OAc
3,5-bis(4-Bromophenyl)-1H-pyrazol-4-yl acetate (3ga): Following the same
procedure used for 3aa with compound 1g (154.9 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03
mmol), HOAc (21.6 mg, 0.36 mmol), K,CO; (49.8 mg, 0.36 mmol) and H,O (50 pL)
in DMSO (1.5 mL). After 4 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 7/1) to yield 3ga (61.5 mg, 47%) as a white solid.
M.p. 245-247 °C. IR (KBr): 3220, 1776, 1759, 1702, 1486, 1372, 1197, 1147, 1010,
956, 825, 746 cm-1; 'H NMR (DMSO-ds, 500 MHz): 6 = 13.66 (br, NH), 7.72-7.59
(m, 8H), 2.37 (s, 3H); *C NMR (DMSO-ds,125 MHz): § = 169.0, 141.4, 132.2, 131.8,
128.4, 127.6, 127.4, 20.6; MS (MALDI/DHB) m/z: 439 (50) [M'H (2x*'Br)], 437
(100) [MH (*'Br, ”Br)], 435 (50) [M'H (2x”’Br)]; HRMS (MALDI/DHB) m/z:
Calcd for C;7H3N,0O,Br, [M+H]+: 4349338, found: 434.9338.

N-NH O
P O
O OAc
5-(Naphthalen-1-yl)-3-phenyl-1H-pyrazol-4-yl acetate (3ha): Following the same
procedure used for 3aa with compound 1h (122.5 mg, 0.3 mmol), CuCl, (4.0 mg,
0.03 mmol), HOAc (21.6 mg, 0.36 mmol), K,COs3 (49.8 mg, 0.36 mmol) and H,O (50
pL) in DMSO (1.5 mL). After 4 h at 50 °C, purification by column chromatography
on silica gel (petroleum ether/EtOAc = 7/1) to yield 3ha (62.2 mg, 63%) as a
colorless oil. IR (KBr): 3241, 2919, 1764, 1709, 1446, 1367, 1199, 1100, 1010, 988,
776 cm™; 'H NMR (DMSO-ds, 500 MHz): § = 13.75-13.35 (m, NH), 8.32-7.71 (m,
5H), 7.64-7.37 (m, 7H), 2.14-2.01 (m, 3H); >C NMR (DMSO-d,, 125 MHz): § =
168.8, 133.3, 132.6, 132.2, 131.0, 129.4, 129.2, 128.8, 128.4, 128.2, 127.8, 126.9,
126.4, 126.2, 126.0, 125.7, 125.4, 125.1, 20.3; MS (MALDI/DHB) m/z: 329 (100)
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[M'H], 287 (44); HRMS (MALDI/DHB) m/z: Caled for C;H;7N,0, [M+H]":
329.1285, found: 329.1285.

N-NH
av
I

3-(Naphthalen-2-yl)-5-phenyl-1H-pyrazol-4-y| acetate (3ia): Following the same
procedure used for 3aa with compound 1i (122.5 mg, 0.3 mmol), CuCl; (4.0 mg, 0.03
mmol), HOAc (21.6 mg, 0.36 mmol), K,CO; (49.8 mg, 0.36 mmol) and H,O (50 pL)
in DMSO (1.5 mL). After 4 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 7/1) to yield 3ia (63.9 mg, 65%) as a white solid.
M.p. 206-208 °C. IR (KBr): 3430, 3244, 3056, 1766, 1636, 1447, 1364, 1192, 1135,
754 cm’™'; '"H NMR (DMSO-ds, 500 MHz): § = 13.65-13.59 (m, NH), 8.22-7.69 (m,
7H), 7.57-7.36 (m, 5H), 2.43 (s, 3H); °C NMR (DMSO-ds, 125 MHz): = 169.3,
142.4, 142.2, 133.5, 133.4, 133.1, 132.4, 132.0, 129.6, 129.2, 128.8, 128.6, 128.5,
128.2, 127.8, 127.6, 127.5, 126.9, 126.8, 126.4, 126.2, 125.6, 125.4, 124.3, 124.1,
123.9, 123.1, 20.6; MS (EI) m/z: 328 (13) [M'], 286 (100); HRMS (ESI) m/z: Calcd
for C,;H{7N,0, [M+H]+: 329.1285, found: 329.1274.

N—NH
o Ay
\ ! OAc

3-(Furan-2-yl)-5-phenyl-1H-pyrazol-4-yl acetate (3ja): Following the same
procedure used for 3aa with compound 1j (104.5 mg, 0.3 mmol), CuCl; (4.0 mg, 0.03
mmol), HOAc (21.6 mg, 0.36 mmol), K,COs (49.8 mg, 0.36 mmol) and H,O (50 puL)
in DMSO (1.5 mL). After 6 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 7/1) to yield 3ja (44.4 mg, 55%) as a gray solid.
M.p. 152-155 °C. IR (KBr): 3221, 2928, 1764, 1710, 1631, 1452, 1368, 1195, 1008,
892, 737 cm™'; '"H NMR (DMSO-ds, 500 MHz): 6 = 7.78 (s, 1H), 7.69 (d, J = 7.4 Hz,
2H), 7.48 (t, J= 7.7 Hz, 2H), 7.38 (t, ] = 7.3 Hz, 1H), 6.69 (s, 1H), 6.61 (s, 1H), 2.40
(s, 3H); °C NMR (DMSO-ds, 125 MHz): § = 169.2, 142.9, 129.3, 129.0, 128.6, 128.3,
127.8,127.3,125.5, 111.6, 106.9, 20.5; MS (EI) m/z: 268 (8) [M '], 105 (100); HRMS
(ESI) m/z: Calcd for C;sH3N,0; [M+H]™: 269.0921, found: 269.0909.

N/NH
N Y
| — OAc

N
5-Phenyl-3-(pyridin-3-yl)-1H-pyrazol-4-yl acetate (3ka): Following the same
procedure used for 3aa with compound 1k (107.8 mg, 0.3 mmol), CuCl, (4.0 mg,
0.03 mmol), HOAc (21.6 mg, 0.36 mmol), K,COs3 (49.8 mg, 0.36 mmol) and H,O (50
pL) in DMSO (1.5 mL). After 6 h at 50 °C, purification by column chromatography
on silica gel (petroleum ether/EtOAc = 5/1) to yield 3ka (43.5 mg, 52%) as a white
solid. M.p. 153-155 °C. IR (KBr): 3433, 3038, 2817, 1752, 1644, 1380, 1209, 1021,
947, 701 cm™; "H NMR (DMSO-ds, 500 MHz): 6 = 13.69 (br, NH), 8.91-7.39 (m,
9H), 2.38 (s, 3H); °C NMR (DMSO-ds, 125 MHz): 6 = 169.2, 149.0, 146.4, 132.9,
129.2, 128.7, 125.6, 125.2, 124.9, 124.1, 20.6; MS (EI) m/z: 279 (27) [M], 105 (100);
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HRMS (ESI) m/z: Caled for C;sH4N30; [M+H]+: 280.1081, found: 280.1071.

5-Phenyl-3-styryl-1H-pyrazol-4-yl acetate (3la): Following the same procedure
used for 3aa with compound 1l (115.3 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03 mmol),
HOAc (21.6 mg, 0.36 mmol), K,COs3 (49.8 mg, 0.36 mmol) and H,O (50 uL) in
DMSO (1.5 mL). After 8 h at 50 °C, purification by column chromatography on silica
gel (petroleum ether/EtOAc = 7/1) to yield 3la (42.9 mg, 47%) as a red solid. M.p.
138-142 °C. IR (KBr): 3247, 3030, 2925, 1757, 1595, 1446, 1370, 1204, 1016, 952,
751 cm™; "H NMR (DMSO-ds, 500 MHz): 6 = 13.33 (br, NH), 7.69 (d, J = 7.1 Hz,
2H), 7.60 (d, J = 7.4 Hz, 2H), 7.46 (t, J = 7.5 Hz, 2H), 7.40 (m, 3H), 7.30 (t, J= 7.4
Hz, 1H), 7.16 (d, J=16.7 Hz, 1H), 6.98 (d, J = 16.6 Hz, 1H), 2.42 (s, 3H); *C NMR
(DMSO-dg, 125 MHz): 6 = 169.2, 139.2, 136.4, 129.3, 129.2, 129.1, 128.9, 128.8,
128.7, 128.1, 126.5, 126.3, 125.4, 125.1, 20.6; MS (EI) m/z: 304 (32) [M], 262 (100);
HRMS (ESI) m/z: Calcd for C19H;7N,O, [M+H]+: 305.1285, found: 305.1279.

N-NH

3,5-Diphenyl-1H-pyrazol-4-yl butyrate (3ab): Following the same procedure used
for 3aa with compound la (107.5 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03 mmol),
n-butyric acid (31.7 mg, 0.36 mmol), K,CO; (49.8 mg, 0.36 mmol) and H,O (50 pL)
in DMSO (1.5 mL). After 4 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 7/1) to yield 3ab (60.7 mg, 66%) as a pale yellow
solid. M.p. 110-113 °C. IR (KBr): 3234, 2961, 1765, 1589, 1459, 1439, 1262, 1148,
957,767 cm™; "H NMR (DMSO-ds, 500 MHz): 6 = 7.69 (d, J = 7.3 Hz, 4H), 7.47 (t, J
=17.7 Hz, 4H), 7.37 (t, J= 7.4 Hz, 2H), 2.65 (t, /= 7.2 Hz, 2H), 1.63 (m, 2H), 0.88 (t,
J = 7.4 Hz, 3H); °C NMR (DMSO-d,, 125 MHz): § = 171.6, 140.0, 128.9, 128.8,
128.3, 128.1, 125.6, 125.1, 35.2, 17.8, 13.4; MS (MALDI/DHB) m/z: 307 (100)
[M+H]; HRMS (MALDI/DHB) m/z: Calcd for C19H;9N,O, [M+H]+: 307.1441, found:
307.1441.

3,5-Diphenyl-1H-pyrazol-4-yl pivalate (3ac): Following the same procedure used
for 3aa with compound 1a (107.5 mg, 0.3 mmol), CuCl; (4.0 mg, 0.03 mmol), pivalic
acid (36.8 mg, 0.36 mmol), K,CO3 (49.8 mg, 0.36 mmol) and H,O (50 pL) in DMSO
(1.5 mL). After 10 h at 50 °C, purification by column chromatography on silica gel
(petroleum ether/EtOAc = 7/1) to yield 3ac (54.8 mg, 57%) as a white solid. M.p.
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213-215 °C; IR (KBr): 3371, 2969, 1753, 1589, 1477, 1256, 1110, 958, 771, 707, 693
cm™; '"H NMR (CDCls, 500 MHz): 6 = 10.81-10.37 (m ,1H), 7.60 (d, J = 6.7 Hz),
7.37-7.31 (m, 6H), 1.32 (s, 9H); °C NMR (CDCl;, 125 MHz): = 176.2, 139.8,
129.6, 129.1, 128.8, 128.6, 126.8, 39.0, 27.3; MS (MALDI/DHB) m/z: 321 (100)
[M+H]; HRMS (MALDI/DHB) m/z: Calcd for C0H,1N,0, [M+H]+: 321.1598, found:
321.1598.

~NH
) )

o

3,5-Diphenyl-1H-pyrazol-4-yl cyclohexanecarboxylate (3ad): Following the same
procedure used for 3aa with compound 1a (107.5 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03
mmol), cyclohexanecarboxylic acid (46.2 mg, 0.36 mmol), K,CO; (49.8 mg, 0.36
mmol) and H,O (50 puL) in DMSO (1.5 mL). After 3 h at 50 °C, purification by
column chromatography on silica gel (petroleum ether/EtOAc = 7/1) to yield 3ad
(61.2 mg, 59%) as a white solid. M.p. 201-203 °C; IR (KBr): 3217, 2929, 2856, 2348,
1755, 1590, 1490, 1446, 1244, 1149, 956, 764, 691 cm™; '"H NMR (CDCls, 500 MHz):
0 =11.03-10.73 (br, 1H), 7.60 (d, J = 7.1 Hz, 4H), 7.38-7.31 (m, 6H), 2.61-2.50 (m,
1H), 2.01 (d, J = 11.2 Hz, 2H), 1.83-1.76 (m, 2H), 1.68 (d, J = 12.0 Hz, 1H),
1.57-1.49 (m, 2H), 1.40-1.23 (m, 3H); *C NMR (CDCl;, 125 MHz): § = 173.9, 139.7,
129.7, 128.9, 128.6, 126.6, 43.2, 29.0, 25.7, 25.5; MS (MALDI/DHB) m/z: 347 (100)

[M"H]; HRMS (MALDI/DHB) m/z: Calcd for C2,H»3N20, [M+H]": 347.1754, found:
347.1754.

N-NH

3,5-Diphenyl-1H-pyrazol-4-yl acetylprolinate (3ae): Following the same procedure
used for 3aa with compound 1a (107.5 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03 mmol),
acetylproline (56.6 mg, 0.36 mmol), K,CO; (49.8 mg, 0.36 mmol) and H,O (50 pL)
in DMSO (1.5 mL). After 5 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 2/1) to yield 3ae (67.5 mg, 60%) as a yellow oil.
IR (KBr): 3395, 3036, 2926, 1771, 1623, 1448, 1363, 1248, 1140, 1027, 767 cm™"; 'H
NMR (DMSO-dgs, 500 MHz): 6 = 7.73 (d, J = 7.3 Hz, 4H), 7.46 (t, J = 7.6 Hz, 4H),
7.38 (t, J = 7.4 Hz, 2H), 4.67 (dd, J = 8.7, 3.8 Hz, 1H), 3.57-3.52 (m, 2H), 2.33-2.28
(m, 1H), 2.02 (s, 3H), 1.92-1.84 (m, 3H); °C NMR (DMSO-ds, 125 MHz): § = 170.8,
168.7, 140.5, 128.9, 128.8, 128.2, 127.9, 126.1, 58.0, 47.3, 28.9, 24.5, 22.0; MS (ESI)
m/z: 376 (100) [M'H]; HRMS (ESI) m/z: Calcd for Cy,H»»N305 [M+H]": 376.1656,
found: 376.1652.
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3,5-Diphenyl-1H-pyrazol-4-yl benzoate (3af)!": Following the same procedure used
for 3aa with compound la (107.5 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03 mmol),
benzoic acid (44.0 mg, 0.36 mmol), K,CO; (49.8 mg, 0.36 mmol) and H,O (50 pL) in
DMSO (1.5 mL). After 5 h at 50 °C, purification by column chromatography on silica
gel (petroleum ether/EtOAc = 7/1) to yield 3af (56.2 mg, 55%) as a white solid. M.p.
233-235 °C. IR (KBr): 3434, 3220, 3057, 1743, 1593, 1492, 1449, 1246, 1148, 1060,
957, 765, 699 cm™'; 'H NMR (DMSO-ds, 500 MHz): § = 13.63 (br, NH), 8.22-8.20
(m, 2H), 7.80-7.66 (m, SH), 7.64 (t, J = 7.9 Hz, 2H), 7.46-7.28 (m, 6H); °C NMR
(DMSO-ds, 125 MHz): 6 = 164.4, 142.5, 134.6, 133.7, 132.0, 129.9, 129.3, 129.2,
128.7, 128.5, 128.2, 128.0, 127.8, 127.7, 125.6, 125.4; MS (EI) m/z: 340 (18) [M'],
105 (100).

N—NH

oL

0._0

6Me

3,5-Diphenyl-1H-pyrazol-4-yl 2-methylbenzoate (3ag): Following the same
procedure used for 3aa with compound 1a (107.5 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03
mmol), 2-methylbenzoic acid (49.0 mg, 0.36 mmol), K,CO;3 (49.8 mg, 0.36 mmol)
and H,O (50 pL) in DMSO (1.5 mL). After 3 h at 50 °C, purification by column
chromatography on silica gel (petroleum ether/EtOAc = 7/1) to yield 3ag (62.7 mg,
59%) as a white solid. M.p. 288-290 °C; IR (KBr): 3212, 1744, 1607, 1589, 1485,
1256, 1182, 1150, 1082, 960, 769, 692 cm™; '"H NMR (DMSO-ds, 500 MHz): 6 =
13.64-13.56 (br, 1H), 8.03-7.98 (m, 2H), 7.73 (d, J = 7.4 Hz, 2H), 7.65 (d, J = 7.5 Hz,
2H), 7.60 (d, J = 7.7 Hz, 1H), 7.53 (t, J = 7.7 Hz, 1H), 7.45 (t, J = 7.4 Hz, 2H),
7.39-7.35 (m, 3H), 7.29 (t, J = 6.9 Hz, 1H), 2.42 (s, 3H); °C NMR (DMSO-d, 125
MHz): 6 = 164.5, 142.5, 138.9, 135.2, 133.6, 131.9, 130.2, 129.2, 129.1, 128.7, 128.5,
128.2, 128.0, 127.8, 127.7, 127.1, 125.6, 125.4, 20.7; MS (MALDI/DHB) m/z: 355
(100) [M"H]; HRMS (MALDI/DHB) m/z: Calcd for C,3H9N,O, [M+H]": 355.1441,
found: 355.1441.

-NH

N
ray
O OEFO
Me

3,5-Diphenyl-1H-pyrazol-4-yl 3-methylbenzoate (3ah): Following the same
procedure used for 3aa with compound 1a (107.5 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03
mmol), 3-methylbenzoic acid (49.0 mg, 0.36 mmol), K,CO;3 (49.8 mg, 0.36 mmol)
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and H,O (50 uL) in DMSO (1.5 mL). After 4 h at 50 °C, purification by column
chromatography on silica gel (petroleum ether/EtOAc = 7/1) to yield 3ah (59.5 mg,
56%) as a white solid. M.p. 206-209 °C. IR (KBr): 3225, 3037, 2927, 1740, 1595,
1487, 1447, 1229, 1143, 1033, 953, 730 cm™; '"H NMR (DMSO-ds, 500 MHz): J =
8.24 (d, J=17.5Hz, 1H), 7.71 (d, J = 7.6 Hz, 4H), 7.60 (t, J = 7.1 Hz, 1H), 7.46-7.40
(m, 6H), 7.34 (t, J= 7.3 Hz, 2H), 2.43 (s, 3H); °C NMR (DMSO-ds, 125 MHz): J =
164.8, 140.5, 133.4, 132.1, 130.7, 128.9, 128.2, 128.1, 127.4, 126.7, 125.6, 125.5,
125.1, 21.1; MS (EI) m/z: 354 (6) [M'], 119 (100); HRMS (ESI) m/z: Caled for
Cy3HoN,O, [M+H]": 355.1441, found: 355.1434.

N-NH
vav
%

O

OMe

3,5-Diphenyl-1H-pyrazol-4-yl 4-methoxybenzoate (3ai): Following the same
procedure used for 3aa with compound 1a (107.5 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03
mmol), 4-methoxybenzoic acid (54.8 mg, 0.36 mmol), K,CO3 (49.8 mg, 0.36 mmol)
and H,O (50 puL) in DMSO (1.5 mL). After 4 h at 50 °C, purification by column
chromatography on silica gel (petroleum ether/EtOAc = 5/1) to yield 3ai (53.3 mg,
48%) as a white solid. M.p. 226-228 °C. IR (KBr): 3223, 1739, 1604, 1509, 1243,
1168, 1058, 1021, 957, 763 cm™; 'H NMR (CDCls, 500 MHz): 6 = 9.66 (br, NH),
8.18 (d, J = 8.8 Hz, 2H), 7.68 (d, J = 7.2 Hz, 4H), 7.35-7.28 (m, 6H), 7.01 (d, J = 8.8
Hz, 2H), 3.90 (s, 3H); °C NMR (CDCls, 125 MHz): § = 164.4, 164.3, 139.8, 132.7,
129.8, 129.1, 129.0, 128.6, 126.4, 121.2, 114.2, 55.7; MS (ESI) m/z: 371 (100) [MH];
HRMS (ESI) m/z: Calcd for C3H;9N,O3 [M+H]+: 371.1390, found: 371.1390.

N-NH

e ¥

0._0

| X
_N

3,5-Diphenyl-1H-pyrazol-4-yl nicotinate (3aj): Following the same procedure used
for 3aa with compound la (107.5 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03 mmol),
nicotinic acid (44.3 mg, 0.36 mmol), K,CO; (49.8 mg, 0.36 mmol) and H,O (50 puL)
in DMSO (1.5 mL). After 27 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 3/1) to yield 3aj (45.1 mg, 44%) as a white solid.
M.p. 173-175 °C. IR (KBr): 3442, 2922, 2855, 1744, 1594, 1456, 1264, 1154, 1082,
1029, 948, 695 cm™; '"H NMR (DMSO-ds, 500 MHz): 6 = 13.65 (br, NH), 9.37 (s,
1H), 8.95-8.56 (m, 2H), 7.71-7.34 (m, 11H); °C NMR (DMSO-ds, 125 MHz): 6 =
170.3, 163.5, 154.8, 150.7, 137.7, 129.2, 128.9, 127.9, 125.6, 124.4, 124.2; MS (EI)
m/z: 341 (48) [M'], 106 (100); HRMS (ESI) m/z: Calcd for CyH;sN30, [M+H]":
342.1237, found: 342.1227.
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3,5-Diphenyl-1H-pyrazol-4-yl cinnamate (3ak)!": Following the same procedure
used for 3aa with compound 1a (107.5 mg, 0.3 mmol), CuCl, (4.0 mg, 0.03 mmol),
cinnamic acid (53.4 mg, 0.36 mmol), K,CO; (49.8 mg, 0.36 mmol) and H,O (50 pL)
in DMSO (1.5 mL). After 8 h at 50 °C, purification by column chromatography on
silica gel (petroleum ether/EtOAc = 7/1) to yield 3ak (55.2 mg, 50%) as a white solid.
M.p. 210-213 °C. IR (KBr): 3434, 3227, 2922, 1730, 1631, 1446, 1314, 1228, 1189,
1122, 954, 764, 688 cm™; 'H NMR (DMSO-ds, 500 MHz): 6 = 13.55 (br, NH), 7.95
(d, J = 16.1 Hz, 1H), 7.86-7.33 (m, 15H), 7.04 (d, J = 16.1 Hz, 1H); >C NMR
(DMSO-dg, 125 MHz): 6 = 164.9, 147.6, 133.7, 131.2, 129.2, 129.0, 128.9, 128.8,
128.3, 127.8, 125.6, 125.4, 116.3; MS (EI) m/z: 366 (2) [M ], 220 (100).

4. Mechanistic Studies

] H
N CuCl, (10 mol %) H
P(OEt) K,COs (1.2 equiv) NS —Ph NS P
N/NH \ / + \ /
| 05, 50 °C, HOAc (1.2 equiv)
Ph)\/\ph DMSO : H,0 =30: 1, Ph OAc PH
1a TEMPO (1.0 equiv), 6 h 3aa 4
9% 67%

A mixture of 1a (107.5 mg, 0.3 mmol), CuCl; (4.0 mg, 0.03 mmol), AcOH (21.6 mg,
0.36 mmol), K,CO; (49.8 mg, 0.36 mmol), TEMPO (46.9 mg, 0.3 mmol) and H,O
(50 puL) in DMSO (1.5 mL) was stirred at 50 °C for 6 h under O,. The reaction was
cooled to room temperature after complete consumption of 1a as monitored by TLC
analysis, diluted by by EtOAc (10 mL) and H,O (30 mL). The aqueous layer was
extracted with by EtOAc (3x10 mL) and the combined organic layer was dried over
Na,S0s, filtered and concentrated in vacuum. The residue was purified by column
chromatography on silica gel (petroleum ether/ EtOAc = 7:1) to give 3aa (7.5 mg, 9%)
and 4 (44.3 mg, 67%).

3,5-Diphenyl-1H-pyrazole (4)!*: White solid. M.p. 202-204 °C. IR (KBr): 3425,
3096, 3001, 2856, 1606, 1570, 1495, 1461, 1294, 1272, 1180, 1074, 1056, 975, 915,
752, 686 cm™; '"H NMR (CDCls, 500 MHz): 6 = 8.24 (br, NH), 7.74-7.72 (m, 4H),
7.40-7.32 (m, 6H), 6.84 (s, 1H); °C NMR (CDCl;, 125 MHz): = 148.8, 131.2,
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128.9, 128.4, 125.8, 100.2; MS (EI) m/z: 220 (100) [M'], 191 (21), 77 (26).

O. Ospyym:
“P(Qi-Pr), CuCl, (10 mol %) P(Oi-Pr),
_NH K,CO3 (1.2 equiv)

N
N .
N N\ / Ph + N\ / Ph
)I\/\ 05, 50 °C, HOACc (1.2 equiv)
Ph Ph Ph OH P
5

4 h, DMSO : H,0=30:1 h OAc
3aa
41% 13%

1a'

A mixtrue of 1a’ (115.9 mg, 0.3 mmol), CuCl; (4.0 mg, 0.03 mmol), HOAc (21.6 mg,
0.36 mmol), K,COs3 (49.8 mg, 0.36 mmol) and H,O (50 puL) in DMSO (1.5 mL) was
stirred at 50 °C for 4 h under O,. The reaction was cooled to room temperature after
complete consumption of 1a’ as monitored by TLC analysis. Upon completion, the
reaction was diluted by EtOAc (10 mL) and H,O (30 mL). The aqueous layer was
extracted with EtOAc (3x10 mL) and the combined organic layer was dried over
Na,S0y, then filtered and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 5/1) to give 5 (49.3 mg, 41%)
and 3aa (10.8 mg, 13%).

O\\
P(OiPr),

N-N
Yo
(7

Diisopropy! (4-hydroxy-3,5-diphenyl-1H-pyrazol-1-yl)phosphonate (5): A pale
yellow solid. M.p. 118-121 °C. IR (KBr): 3125, 2979, 1456, 1237, 1140, 1007, 803,
690 cm™; 'H NMR (DMSO-ds, 500 MHz): § = 8.65 (s, 1H), 8.03-8.01 (m, 2H),
7.54-7.52 (m, 2H), 7.50-7.45 (m, 4H), 7.44 (d, J = 7.2 Hz, 1H), 7.39 (t, J = 6.9 Hz,
1H), 4.64-4.57 (m, 2H), 1.22 (d, J = 6.2 Hz, 6H), 1.15 (d, J = 6.2 Hz, 6H); °C NMR
(DMSO-ds, 125 MHz): 6 = 145.0 (d, 2Jp.c = 11.3 Hz), 138.3 (d, *Jp.c = 8.8 Hz), 135.3
(d, *Jo.c = 11.3 Hz), 131.8, 130.3, 128.9, 128.5, 128.4, 128.2, 127.8, 126.4, 73.9 (d,
Jo.c = 6.3 Hz), 23.3 (d, *Jo.c = 3.8 Hz), 22.8 (d, *Jo.c = 6.3 Hz); MS (EI) m/z: 400 (10)
[M'], 236 (100). HRMS (ESI) m/z: Calcd for C2;H,6N,O4P [M+H]™: 401.1625, found:
401.1622.

Q
P(Oi-Pr), H

N K,CO3 (1.2 equiv) NS —Ph
N Ph \
\ ) 05, 50 °C, HOAc (1.2 equiv)
53h, DMSO:H,0=30:1 Ph  OAc
PH  OH
5 86% 3aa

A mixture of 5 (40.0 mg, 0.1 mmol), AcOH (7.2 mg, 0.12 mmol), K,CO3 (16.6 mg,
0.12 mmol), and H,O (17 uL) in DMSO (0.5 mL) was stirred at 50 °C for 53 h under
O,. The reaction was cooled to room temperature after complete consumption of 5 as
monitored by TLC analysis, diluted by EtOAc (10 mL) and H,O (30 mL). The
aqueous layer was extracted with EtOAc (3x10 mL) and the combined organic layer
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was dried over Na,SQy, filtered and concentrated in vacuum. The residue was purified

by column chromatography on silica gel (petroleum ether/ EtOAc = 7:1) to give 3aa
(23.8 mg, 86%).

5. X-Ray Crystal Structure for Compound 3aa

Crystallographic data for 3aa: C7H1aN2O,, M = 278.30, triclinic, P-1 (No. 2), a =
5.834 (16) A, b=12.53 (4) A, c=19.70 (5) A, a. = 87.16 (4)°, B = 86.36 (4)°, y =
88.79 (4)°, V= 1436 (7) A, 7 =4, Crystal size: 0.10 x 0.06 x 0.03 mm , T =295 K,
Pealcd= 1.287 g-em™, Ry = 0.0849 (I>4o(I)), wR, = 0.3048 (all data), GOF = 1.088,
reflections collected/unique: 4973 / 2892 (Rint = 0.0213, Data: 4973, restraints: 0,
parameters: 370. CCDC 1032969 contains the supplementary crystallographic data
for this paper. The data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam. ac.uk/data_request/cif.

/ﬁ ‘1

I\

l R ~/ e
A _J S e P
- \: r"_;":;.w cs"w-- { N-NH

- 0
T O OAc
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7. Copies of *H and *C NMR Spectra for All Compounds
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10 9 8 T 6 5 4 3 2 1
g CL ¥ g
- o
™ e i
e =m
= T .
- 4] CHH-1-15
v v C13CPD DMSO
NAME XR20131204
EXPNO 3
|| PROCHO i
P(OEt); Date_ 20131204
Ti 9.20
’1‘ INITRUM spect
PROBHD 5 m= PATNO 137
PULPROG aapgdl
™ B5838
SOLVENT BHED
Br Br %3 128
DS 4
3HH I0030,029 e
FIDRES 0.458322 Hz
A 1.0912410 sec
RG 512
o 16,650 unae
oE .00 usec
™= 297.8 K
[ 28 200004000 sec
dll 0.03000000 sec
DELTA 1.89993998 seac
o0 i

CHANNEL 1] =w======
13
5.50 usec

=0.50 4B
128, 7703643 MHe

PCPDZ FD.00 uaec
LI 1.00 4B
PLIZ 16.05 dp
PLIZ 16.50 dB
qroz 500.1320005 MHz
41 13768
ar 125,7578523 Mz
WO EM
B a
i) 1.00 fiz
[]

=
| i " L.40
) l :
iy

T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10 ppm
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7.484
7.475
7.461

oD,
H

S

O

4.127
4.121

6

4.091
4077
4.061
q.047

4.040

DIW-5-115
FROTON DMSO

1.283
1.269
1.255

%

HAME =b20131015
EXPRO 3
PROCNG 1
Date_ 20131015
Time 10.17
IHETRUM Bpect
PROBHD % mm PATNO 19F
PULEROG 2930

™ €553
SOLVENT D50

L 8

[+ 2
SWH 10330.578
FIDRES 0.157632

A 3.1720407

RO 80,

oW 48.400 wsec
BE £.00 usec
TE 2196.6 K
D1 1.00000000 sec
™0 i

14.14 usec

1.00 aB
500.1330885 btz
32768

3z
500.1300042 Mz
no

[]
0.00 Hs
]

1.00

10 9

N sy

-

=
"
o

-
=
o
o

1

DEZW-5-115
C1l3CPD DMSO

16,06

16.

e E

NAME =b20131035
EXPHO 5
PROCNO
Date_
Time
INSTRUM
-

20131005
10.28

spect
5 mm FATXO 19F

IN030.029 He
0.45822,
1.0912410 sec
256
16.650 usac
£.00 usec

257.9
200008000 sec

= CHANNEL £] =meee——
130

5,50 usec
-50 dB
125.7703643 MHz
32768
125,757851% MH=
ER

[]
1.00 He
a

L.49

T T
160 150 140

T
130 120
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1
4.118
4.103
4.088
4.074
4.059
4.053
1.291
1277
1.283

|
|
<

2¥-1-1
PROTON DMSQ

HAME

EPRCL
PROBHD 5 m= PATNO 1OF
PULPROG =30

65538

™
SOLVENT ko]
NS a

2
10330,578 He

e
FIDRES 0,157632 Hz
A 3.1720407 pec

RG 0.

R 48,400 unec
oF §.00 waec
™ 196.2 £

ol 1.00000000 sec
a1l 0.03000000 aac
DELTA 0.89999998 soc
™ L

mmemmeas CHANNEL f1 = -
olasd i
Bl 14,14 usec

Ll 1.00 48
g0 500,1330885 Mz
snsumsss CHANNEL £] ssssssss
CPDPRGE

»oc2 o

POFDE 100,00 ueec
PLZ 130,00 dB
PL1Z 130,00 dB
PLI3 110.00 a8
8F02 500.1330805 Mz
31 JZTRR

ar S500.130004L P
Wow ne

SEB []

LE 0.00 Hz
(-] )

PC 1.00

=W
= o s
= -o
nom aice o
- - Gane w s
pofur it e o

/
/

Z2Y-1-~7
Cl3CPD BMSD

KAME XB30140112
EXPND §
PROCHG |
Date 20140113
Tima 1637
IMSTROM

Epact
PROBHD 5 mm PATXO 19F
PULPROG

™

SOLVENT

L

o5

AWK fiz
FIDRES iz
M Bac
RG 12

oW 16.650 unsc
o 6.00 ussc
TE 197.5 K
ol 2.00000000 ssc
Ll 0.03000000 aec
BELTA 1.89959598 sec
™0 1
mmemaas CHANNEL f1 = -
wcy 13C

Pl 9.50 usec
Ll ~0,50 dB
srol L35, 7700643 Mz
[ Y TR - O —
CPOPRGZ waltelf

wucs 18
PEPD2 BD.00 ueee
PL2 1.00 d&
PL1Z 16.05 dB
PLI3 16.50 a8
sFo2 500.1320005 Mi=z
3T riT68

ar L25,7578514 Mue
WO EM

558 []

Ls 1.00 Hz
(-] )

PC 1.40

T T T T L) T
160 150 140 130 120 110 100

e
e84
a4
24
84
a4
o
B
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1.269
1.255

1.241

<

CHE=-1=-33
PROTON DMSO

HAME XB20140109
EXPHO 8
] PROCHO i
Date, 20140109
POE); Time 2,55
N H INSTRUM at
1l PROBHAD 5 ma PATND 19F
PULPROG 2430
™ 63536
f SOLVENT S0
NS
DS 2
SHH 10330578 He
9, 157632 Mz
3.1720407 sec
0.5
48,400 usec
§.00 usec
96,5 K
1.00000000 msec
0.03000000 sec
0.89593998 nec
= CHANHEL £1 weree—
i
14.14 unec
1,00 df
500.1330885 Miz
==s=smwe=s CHARNEL [1 =essss=
CPOPRGZ
NUC2 off
PCPDZ 100,00 usec
PL2 110.00 dB
PL12 120,00 dB
PL1Y 120.00 aB
8r02 5001330685 Miz
81 32768
8r 500, 1300048 Mis
WOW Ao
528 0
i E‘J; n.og iz
A Al i ipc 1.00
T T T T T L] T T 1 T
10 8 T 6 5 4 3 2 1 ppm
8 EeeRE g g
n
b e >
i - =g
e i PLE CHHE-1-33
. "‘v"l" “Q‘ Cl3cPD DMSO
o HAME XBZ014010%
b P.:PMCIL\ #
PROCHH 1
NH (0B, Date_ 20140109
= ime 10.03
'ﬁ THSTRUM spect
o] PROBRD 5 mn PATXO 197
‘ PULPROG 2apad0
™ 63536
SOLVENT D0
us 128
os 4
5WH 30030.029 He
FIDRES 0.458222 Mp
1.0912410 see
RG "
oW 16.650 usec
DE £.00 usec
TE 297.7 K
o1 200000000 pec
411 0.03000000 sec
DELTA 1.69999998 nec
™wo i
CHANNEL
-0.50 d
125.7703643 Miz
CHANNEL ¢
wa
80,00 usec
1.00 g8
16,05 db
15,50 B
500.1320005 MHz
32768
125,75T8504 Miz
EN
]
1.00 Hr
1.40
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 ppm
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267
1.253
239

CHHE-1-42
FROTON DMSO

a HAME XB20140411
EXFND 4
P{OE); PROCHD 1
- Data_ 20140418
NI Time 9.07
INSTRI a ot
PROBHE S mm BATNO LOF
| PULFR 1930
63535
SOLVENT D=0
S L]
og ]
S 10330.578 e
FIDRES 0.157632 H:
g 1.1720407 ase
G 0.5
oW 48,400 usec
BE 6. 00 vaec
TE 5.9 K
Dl 1.00000000 ses
™0 1
= CHANNEL f1
e 1
51 14.14 usac
PLL 1.00 4B
PO 500.1330885 M
51 12768
5F 500.1300038 MH=
WDH na
558 [
LB 0.00 Hx
GB
U rC 1.00
I l 1 l n 1
T T T ) 1 I T T I T T
10 9 8 T 6 5 3 2 1 ppm
5 Eadss 8
ooy
==
L1 CHH-1-42
v C1l3CPD DMSO
(s} NAME XB2014041L
B EXPNO &
(DE)z BROCND 1
? Date_ 20180411
] Time 3.24
i INSTRUM mpect
S PROBED 5 mm PATKOD 19F
| PULPROG 2gpg30
™ §3536
N SOLVENT {30
MY %6
g &
W 30030.029 He
FIDRES 0.458222 Mz
aQ 1.0912410 sec
RG 128.1
o 16,650 ussc
oE 6,00 useo
TE 297.4 K
o1 2.00000000 aec
dil 0.03060000 mec
BELTA 1.89999998 aec
™0 L
CHANMEL, f1 wwme——
9.50 useo
-0.50 dh
135.7703641 Mz
memsmees CHANNEL [] wesssss
waltzlh
8
B0.00 usec
1.00 a8
16.05 oB
16.5%0 aB
500.1320005 Miz
32768
125. 7576505 Milz
EN
]
1.00 He
0
l 140
T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 ppm
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9.229

9.175
7172
7.758
7.622
7.608
7.437
7.430
7.418
7.404
1.386
7.356
7.349
7.304
7.290

7

215

7.187
7.155
7.134
7.102
7.043

7.011
4,118
4.112
4.097
4.083

4.075

4.087
4.059

4.043
4.030
4.024

1.28¢
1.272
1.357

<

DZW-3-138
PROTON DMSO

HAME XE20131010
EXPRO 7
‘E'i PROCHD 1
Date 10131018
H‘mh Time 16,00
N INETRIM mpect
| PROBRD 5 mn PATNO 19F
PULPROG 2930
= 83535
SOLVENT tMse
[ ]
o5 2
WA 10330.578 Hz
FIDRES 0.157632 Mr
AQ 3.1720407 see
R 206
oW 48,400 ussc
ok £.00 usec
TE 297.0 K
ol 1. 09808804 sec
dil 0.03000000 sec
DELTA 0.89959998 sec
™o 1
CHANNEL, £1
18
14. 14 useo
1.00 ¢i
500. 1330885 Miz
R SN L - [ —
CPDPRGE
] att
PCPD2 100.00 usec
PLE 120,00 dB
PLLZ 120.00 ¢B
PLL3 120.00 oB
sro2 500, 1330885 Mz
51 32768
5F 400, 1300043 MHz
WO na
558 [
LR 0.00 liz
l = Q
3 1.00
T T T T T T T T T T
10 9 8 7 -] 5 4 3 1 ppm
] L 5 g
CNAoOMERD THE T
Fg Moo n e e n e - o
- e e
i oy g oy 0P i 63 DIN-3-138
v &%&M V v‘ C13CPD DMSO
NAME XEI0131010
o EXFNQ ]
HROCND 1
P(OET); Bate_ 201310480
<MNH Time 10,08
NI IHETRIN spoct
PROBRE 5 mn FATHD L9%
PULPROG 2qpg 30
63528
SOLVENT ME0
Y 128
o5 4
WA 30030.029 Hs
FIDRES 0.458222 Hx
] 1.0952410 sec
G 181
oW 16, 650 usec
oE 6,00 usec
TE 298.2
ol 2.00000008 soc
dll 0.03060000 =ec
DELTA 1.89999998 nec
™o 1
CHARMEL £1 memmmee
13
9.50 usec
0,50 oR
125.7703643 Mz
s==sswes CHANNEL f3 s=wss==
CPOPRG2 walbzlf
uc2 18
PCPDI BO.O0 uses
L2 1,00 48
PLLZ 16,05 dB
PLLY <50 4B
sroz 500,1320005 Mz
51 32768
5F 1235, 7578491 Miiz
WO EN
588 L]
L& 1.00 Ws
=) 0
PC 1.49
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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347
T.332
6.684
6,652

4.604

4.592
4.580

5717

4

4.56

7
4.564
4.552
4,540

DZW-5-28
PROTON DMS0

BAME XB20130708
)

P{QPr)s
N
i
Be 2
WA 10330.578 R
FIDRES 0,157632 u=
A 3.1720407 sec
RG 181
oW 48.400 ussc
e 6.00 vsec
TE 295.8 K
ol 1.00000000 sec
dil 0.03000000 sec
DELTA 089999998 sec
e 1
CHANNEL £1
1414 usec
1.00 ¢B
500.1330885 Mz
A T I —
CPOPRGZ
HuC2 aff
PCPD2 100.00 vees
pLE 130,00 a8
PL12 120.00 4B
PL12 120.00 o8
P02 500,1330885 MHz
51 276!
5F $00.1300043 Miz
WOW Ao
“ l 558 o
L 6,00 He
— l =) ]
PC 1.00
T T T T T T T T T T T T T T T T T T T L
5 90 85 B0 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
-
g 5|8 g 8
- 3| | - o o
b
e - -
sy oa DD
=% se denm DZW-5-28
v \\Z/ Cl3CPD DMSO
BAME ¥E30130712
EXPRO : ]
(a] BROCND 1
LS Date_ 20130712
PlOPr)z Time .50
.NH IRETRIM spect
PROBHD 5 mm PATXD 197
e PULPROG 2gpg 3l
o) B8535
@ O SOLVENT G
L] 128
Be i
5WA 30030029 W
FIDRES 0.458222 Mz
aQ 1.0912410 sec
RG 4.7
oW 16. 650 ussc
e 6.00 vsec
TE 297.2 K
ol 2.00000000 sec
dil 0.03000000 =ec
DELTA 1.89999998 sec
™0 1
CHANNEL {1 wemm——
13c
9.50 usec
=0 .50 o
7703643 Miix
meemmmees CHANNEL {3 s=wss
PRERGE alealf
18
2 BO.00 usec
00 a8
W05 dB
<50 aB
500,1320005 Miz
3276
125.7578512 M=z
EN
L]
1.00 He
a
L.49
) J .
e
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 ppm
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9.435
9.382
7.689
7.680
7.674
7.648
7.468
7.462
7.458
7.438
T.433
7.427
7.423
7.403
7.389
7.373
7+354
7.339
7.32%
£.717

|

6.685
3.709
3.687

DEW-3-36
FPROTON DMSO

XB30131028
]

0131028
13.37
Bpect

PROBED 5§ mn PATHO L3

PULPROG zg3d

™
SOLVENT oA

196.5 K
1.00000000 sec
0.03000000 sec
B.89939358 sac

memmsaee CHANNEL £1 ===
18

14,14 usec

1.00 aB
500.1330885 MHx

annmmmnms CHANNEL £1 swsssss

MO D W S 08
NS S ERSE DN ND S
o0 mrNOODOoE-
WA P 404 T 0 D
e Qe e e e el S - i it

=
Y
§

53.29
53.25

<

T T T T T

T T
150 140 130 120 110 100 90

CPOPRGE

NDC2 oft

PRI 100.00 uses

L 120,00 dB

PLL2 130.00 db

FLLE 120.00 dan

BP02 500.1330885 MHz

a1 1ITES

sr 500,1300041 MHz

Wi ng

588 (]

L& 0.00 Hs

GB 0
Lwc 1.00

DEZW-5-36

C1l3CcPD DMSO

EAME XB20131028
EXPHO @
FROCHD 1
Date_ 20131038
Time 13,48
IMSTRUM Epect
FROBRD % ma PATHO 19F
PULPROS 2gpadd

™ £5835
SOLVENT S0

HE 123

D& 4

GWH 30030.023 Fe
FIDRES 0.458222 Hx
A2 1.0912410 sec
R& T,

ow 16.650 uess
DE £.00 usoc
s 197.8 R
o1 200000000 sec
d11 0.03000000 sec
DELTA 1.89999998 aec
T X

CHANNEL £1

=0.50 dB
1237703643 MRz

CHAHNEL £3 =
waltzlh
1M

B0.00 usec
aB
16,50 oB
500.1370005 Mz
32768
125,7578500 Mz
EN
L]
1.00 Hz
a

1.40



- e @ W DN WO e @ m

@ €3 C3 00 00 0 WH AN A T g @

— L R e e e W ] ] DEZW-4-103
R e e e na PROTON €DC13

HAME XB20130510
EXPHO a8
PROCND i
Date_ 0130510
Tima 1z.48
N—M‘I INSTRUM spect
i FROBAD 5 m= PATED 13F

PULPROG

™
SOLVENT
Odg g
o8 2
awH 10330,578 He
FIDRES 0,157632 Mz
3.1720407 sec
143.7
46.400 usec
6,00 usec
195.8 K
1.00000000 sec
1
18
13.72 usec
1.00
S00.1330885 MKz
32768

500,1300127 Miz

o
0.00 Hz
a
1.00
L X
T T T T T T T T T T T
10 ] 8 7 ] 5 4 3 2 1 ppm
o
- Ao all - Ll
o e
H G EREES 8
2 nARRES s DZW-4-103
e moNANNN
| Cl3CED CDCL3
NAME xXB20130510
EXPRQ 9
PROCNO |
Date_ 20130510
Tine 12,57
INSTRIM spect
PROBRD 5 mm PATHD 19
PULPROG zgpg 0
™ =536
SOLVENT cocia
N3 128
os i
SWA 30930.029 He
FIDRES 0.458222 Mr
1.0913410 sec
a06.4
16.650 ussc
%.00 upeo
2971 K

200000000 sec
0.03000000 sec
89999998 sec

13C
9.50 usec
-0.50 dB
125,7703643 Mis
waltz16
17|

500.1320005 Miz
A6

125.7577781 Ml=
El

)|

1 U L) I ) i L) ¥
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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7.711
7.696
7.497
7.482
7.467
7.4

4

7.398
7.391
7.382
1317
7.362

7.286
7.270
7.258
6.964
6.951

10

—3.8

I

2.362

L,

DIW-6-14
PROTON DMSO

INSTROM

PROBRD

PULPROG
™

SOLVENT
1

D&
SWH
FIDRES

T T T T T T T T
85 B0 75 70 65 60 55 50 4

LELE

—169.18

—159.57

L

5 40 3

g

—_—55.10

T I T
5 3.0 25 2

8

T
180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20

10 ppm

XB20140627
.2
20140628
7,21

spect

5 mn PATNO 19F
zg3d

63536

MEG

16

2
10330,.578 Hz
0.157632 M=z
3.1720407 sac
TL.8
48.400 usec
%.00 usec
297.0 K
1.00000000 sec

CHANNEL £] ==sesese
1H
14.14 usec
1.00 dB
500.1330885 MHz
32768

6
S00.1300041 MHz
EM

]
1.50
a
1.00
T 1 T T
0 15 1.0 ppm
@
&
B DZW-6-14
Cl3CPD DMSO
NAME XB20140627
EXEHO 43
PROCNC 1
Date_ 20140628
Tima 7.5%0
INSTROM spect
PROBRD 5 mn PATXO 19F
PULPRCG 2gpg30
™ 63536
SOLVENT M50
L5 512
Ds i
BWH 30030.029 Hz
FIDRES 0.458222 Mz
AQ 1.0912410 sec
G 456.1
oW 16,650 usee
DE €.00 usec
TE 296.2 K
bl 2 00000080 sec
dll 0.03000000 sec
DELTA 189999998 sec
™0 1
CHANNEL f1 -
13c
9.50 usec
=0.50 db
125.7703643 MHz
memmmme= CHANNEL {2 s=ssse=s
CPOPRGZ WAlLZlh
wcz 1H
PCPDZ B0.00 usec
PL2 1.00 4B
PLLZ 16,05 dB
PLLY .50 aB
SF02 500.1320005 Miz
S1 Eralt
sF 125.7578459 MHz
WON LT
588 a
LB 0.00 Hz
B [
PC 1.40
Al s
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a DD A T Y D w m
— Ll I =R o - —5—

¥ N L T R R RN L] DZ'N_J-I.'S‘Z
- 5 5 PROTON CDC13
— L o e e R d ™

Wﬁ | HAME XB2014012

PROCHND i
Date_ 2014012
Tima 16.46
INSTRUM ot
PROBAD 5 ma PATHO 19F
PROG zgal
3336
ENT coci3
a
2

10330,.578 Rz

FIDRES 0.187632 Mz

3.1720407 sec
128

48,400 usec
6.00 usec

296.7 K
1.00000000 sec

sessssss CHANHEL fl sssseess
w1 1

14.14 usec

1,00 g8
S00.1330885 MHz

ZT68

3276
500.1300127 MHz
no

o
0.00 Hz
0

1.00

1 10 9 8 7 6 5 4 3 2 1 ppm

d EE L LI

2

DZW-5-132
Cl3CPD CDC13

169.1
15%.87
139.8:
55.35
20,91

2

¥B20140121
1

20140121
16.55

spect
3 mm PATXOQ 19F

4
30030,029
0.458222
1.0912410
322.5

297.7T K
2.00000000
0.03000000
1.89999998

CHANNEL £] ==mmme==
113

125. 7703643 Muz

= CHANNEL £2 =
waltzlh

16,50 o
500.1320005 MHz
32768
125.7577767 MHz
EN
a
1.00 He
a

1.40

T T T T T T T T T T T T T T

1 T 1 1 T
180 170 160 150 140 130 120 110 100 90 B0 70 &0 50 40 30 20 10 ppm
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oy [ e N W T N T T =N o =_149
L] = T R T T i =] DZW-5-137
¥ R R R e R R R PR ™ PROTON CDC13
o P R T ol il i e %
v o e ol S S o
WW s 820140120
A0140L20
10, 34
ot
N-NH 5 mm PATHO 198
=g30
a ¢ Preie
£DCl3
DA
2
10330.578 Hz
0.157632 Hz
3,1720407 sec
G L
oW
DE
TE
o1 1,00000000 sec
) 1
mrwmmmee CHAHNEL £1 wmmee—es
L}
#1 14,14 usec
PLl 1.00 4B
5PoL 360.1330085 Mz
51 32768
5F 500.1300125 Mz
WDW na
558 o
LB 0.00 He
GR (]
P L.o0
Al
T T T T T T T T T T
11 10 1 8 7 6 5 4 3 2 ppm
L et 8
) oo
= frges 4 s
- e " DEZW-5-137
- ? o b B e -~ C13CPD CDC13
MAME V20140120
EXFRC: 9
FROCKND 1
Date. 20140320
Time 10,51
n=NH IHSTRUM spect
I PROBHD 5§ mm PATXO 198
& PULPROG
a ™
Ohe ;21.-\-':“7
oS ]
SwH 30030.029 Nz
FIDRES 0,458222 Mz
A 1.0912410 sec
RG 1298.8
D 16.650 usec
oE .00 usec
TE 297.7 K
o1 2.00000000 sac
dall 0.03000000 sac
DELTA L.89933098 sac
TO0 1
mmmamee CHANMEL £l mesacece
5.50 usec
~0.50 48
125.7703643 Mz
ememeeme CHAKNNEL £ meeseees
CPDPRG2 walteld
3C iR
BO.00 ussc
1.00 d2
1E.05 df
L& 50 a=
500.1320005 Mi:z
32768
125.7577753 i3
B
[
1.00 M
a
1.40
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 ppm
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v W"

14 13 12 1 10 9 B8 T 6 5 4 3
g HERENERE

loilai=lolalal

c DZW=- 29
g Cl3CPD DMSO

—_—16

T T T T T T U T T T T T T T
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o
O oD e D
™ SRobo8nr DZW-5-122
P P e i PROTON DMSO
— - o e
H I \W XB20140629
1
1
-NH ! 20140629
N Time 11.86
I D spect
FROBED 5 mm PATXD 13F
2930
G OAc ™ e
SOLVENT M50
NS 16
b8 2
SWH 10330.578 Hz
FIDRES 0. 7632 H2
AQ 1720407 sec
RG 90,
oW 48.400 usec
DE 6.00 usac
TE 296.0 K
oL L.00000000 asc
D0 1

—emeeee CHANNEL £1 ====-==e
18

WUCL
P 14,14 usec
PL1 1.00 dB
SFOL S00.1330B85 MMz
8L 3276
SF 500.1300042 MHe
WOW no
S5B [
LE 0.00 Mz
=] 0
B 1.00
L L_AL
T T T T T T T T T T T T T T T
14 13 12 1 10 2 8 7 6 5 4 3 2 1 ppm
o)
k- gl g
o HoMeMn AN T
] MEmMm®Bo®me e w
e TRRARARARAN = DZW-5-122
= RK‘\W o Cl3CPD DMSO
HAME XB20140629
EXPRO k)
BROCHD 1
Bate_ 20140629
Tima 12,27
IHESTROM mpect
FROBAD 5 mm PATXD 19F
PULPROG zgpgil
™ B3536
SOLVENT OMS0
[ 512
[ i
SWH 30030.029 Wz
FIDRES 0.458222 Hz
AQ
BG
oW
DE
TE
o1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
™o 1
CHANNEL £1 -
Lac
9.50 usec
=0 .50 dB
125.7703643 Mi=z
memmmmes CHANNEL {3 w=ms=ms
CPOPRGZ waltzl§
HUCZ 18
FCPDZ B0.00 usec
L2 1,00 dB
PL12 1 5 dBb
PLLY .50 aB
SPo; 500.1320005 Miz
51 32768
SF 125.7
WOW
558 o
LE 1.00 Hz
Gl ]
FC 1.40
"
— A A S - | R e USSP

T T I I I T I 1 I T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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4
N2

e

Br

56

0.03000000
1.89999998

) 1 )
180 170 160 150 140 130 120 110 100 90 80 70 60 50

S40




53 N HANTONNETAD A OONOM®D 0O N oo DZW-5-127
:: PNRCOCRERRERIELANSSSISRS s3 PROTON DMSO
a3 B e N N A A A N N RN
| TS \—— V e
EXPNO 4
PROCNO 1
Date_ 20141111
Time 10.37
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2930
O ™ 65536
SOLVENT DMSO
N-NH NS 16
[ O DS 2
swH 10330.578 Hz
FIDRES 0.157632 Hz
OAc 3.1720407 sec
RG 406.4
DW 48.400 usec
DE 6.00 usec
TE 296.5 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
14.14 usec
1.00 dB
500.1330885 MHz
32768
500.1300041 MHz
no
0
0.00 Hz
0
1.00
J U A
T T T T T T T T T T T T T
14 13 12 11 10 9 8 7 6 5 2 1 ppm
) N =
= wl I~ ™)
> SRNSINRONSSSAREEeS 0 DZW-5-127
@ BN RO D D@ OO 00w 0 o C13CPD DMSO
© MOOONNNNNNNNNNNNN o
a 208333333 353333338 Q
| l\h&l% NAME XB20150110
EXPNO 2
PROCNO 1
Date_ 20150110
Time 18.46
INSTRUM spect
PROBHD S mm PATXO 19F
PULPROG zgpg30
65536
SOLVENT DMSO
NS 512
N-NH DS 4
[ SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 sec
O OAc RG 456.1
DW 16.650 usec
DE 6.00 usec
TE 297.8 K
D1 2.00000000 sec
a1 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
CHANNEL f1
13C
9.50 usec
-0.50 dB
125.7703643 MHz
CHANNEL £2
waltzlé
1H
80.00 usec
1.00 aB
16.05 dB
16.50 dB
500.1320005 MHz
32768
125.7578479 MHz
EM
0
1.00 Hz
0
1.00
T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 30 20 10 ppm
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o
]

v

o DZW-§-33
" PROTON DMSO
o~

XB20140303
3

20140303
2,57

2
10330.578 Hz
0,157632 Hz
3.1720407 aec

uBec
sec
sac
€ 0000 asc
B.89953358 mac

™

e CHANNEE. £ v

CUANNEL £2 =====—e

szl

1 ppm
o
b
o DZW-6-33
T C13CPD DMSO
NAME XB20140303
5

20140303
16.06&

0.03000000 sec
1.89999998 aec

= CHANNEL f1 sw==w
13c
5.50 usec
0.50 dB

125.7703643 bilz

mmmm CHANHEL 12 mmmmmee
RG2 waltzls

1H
2 B0.00 usec
2 0 di
16.50 dB
500.1320005 Mz
32768
125.7578512 MHz
EW

o
1.00 Hz
o

1.40

T T

T
110 100

180 170 160 150 140 130 120
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A

2.402

L

DIW-6-12
PROTON DMSO

NAME xB20140627
EXPNO 0
PROCNGO 1
Date_ 20140628
me 1.38
INSTRON =pect
FROBED 5 == PATXD 19F
PULPROG zgd
65536
SOLVENT DMS0
M5 1§
DS 2
Wi 10330.578 Nz
FIDRES 0.157632 Nz
A 3.1720407 sec
RG 14
o 46.400 usec
bE 6,00 usec
TE 296.5 K
D1 1.00000000 sec
TOO 1

ssasmans CHANNEL [l ssssesss
1H

Pl 14.14 usec
PLl 1.00 d&
sPal 500.1330885 Miz
58I 32768

iF S00.1300041 bz
W no

s5m [

LE 0.00 Hz
=] [

[ 1.00

I T T L L I I T
85 80 75 70 65 60 55 50 45

seEy

T T T T T T T
40 35 30 25 20 15 1.0 05 ppm

8

w o mwecoam 0w
£l it W o e o i =
2 D AABARLLES -2 o -1
~ T 11\:&;]“% T "|‘ o C13CPD DMSO
NAME xB20140627
F-K«D)ED it
= PROCHO 1
N 4l Date_ 20140628
& ime 2.3
i INSTROM spect
FROBHD 5 mm PATKD 19F
\ OAc PULPROG 29930
™ €8536
SOLVENT M50
us 1024
o 4
SWE 30030.029 He
FIDRES 0438222 Hx
AQ 1.0912410 sec
RS 812.3
o6 16.650 usec
bE £.00 ussc
TE 297.9 K
o1 200000000 sec
dll 0.03000000 see
DELTA 1.89933338 sec
o0 1
9.50 usec
~-0.50 dB
125.7703643 MHz
CHANNEL f2
walt
18
§0.00 unec
1.00 dB
16.05 dB
16.50 dB
500.1320005 MHz
2768
1257578467 Mz
o
0
0.00 Hz
0
L.40
i I
T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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S44

=)
3 DRz eans = DZW-6-38
= MO SWNTm 2] PROTON DMSO
- e ol o
| \ \ |\|l&/ HAME XB20140627
ENPHC 34
FROCND 1
N-NH Date 20140628
|z Tima 3.41
RS TRUM
| PROBHD & mm PATNO 19F
OAe PULEROG =3
N B5536
SOLVENT DHS0
s 16
o5 ]
SWH 10330.578 Hz
FIDRES 0.157632 Hz
A 3.1720407 sec
BG 101.6
] 48.400 usec
DE €.00 usec
TE 296.8 K
ol 1.00000000 sec
™0
e CHANHEL £1 mmwmmmms
M1
Bl 14.14 usee
FL1 00 dB
sFoL 500. 1330885 MHz
51 32768
s 500.1300041
W no
S5B a
LB 0.00 Hz
o8 [
Pc 1.00
—ia LL_J_Mll g
T T T T T T T T T T T T
14 13 12 n 10 9 8 X 6 2 1 ppm
E 8 HEsy 8
4 @ e SO NN
o ) B 40y O 5
g $¥ HgsResx 2 DZW-6-38
= ’ll’J" Q&W o Cl3CPD DMSO
HAME XB20140627
H-NH EXPNO 35
1 EROCKO 1
N F Date_ 20140628
| Tims .37
= OAc INSTRUM spect
) FROBED 5 mm PATKD 19F
PULPROG 2gpg30
BE336
OMS0
1024
i
30030029 A=
0.458222 Mz
AQ 1.0912410 sec
RG 4086,
o 16.650 usec
DE 6.00 usec
TE 298.2 K
ol 2,00000000 sec
dll 0.03000000 mec
DELTA 1.89999998 sec
el 1
CHANNEL £1 -
130
.50 usec
A =0.50 dB
SFOL 125.7703643 MHz
wemmmnme CHANNEL £ sessse=s
CPOPRG2 waltzlé
WUC2 LH
PCPD2 80.00 usec
L2 1.00 d8
PL1Z 16.05 dB
FL13 16.50 a8
sSFoz 500.1320005 MHz
51 32763
sF 125.7578449 MHz
]
558 o
LB B.00 Hz
Gl a
BC 1.49
1 1A
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9 80 70 &0 S0 0 20 ppm



13.334

2.422

T T T T L I T T T
180 170 160 150 140 130 120 110 100
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DZW-6-13
PROTON DMSO

HAME xB20140627
EXFRO 3z
BROCND 1
Date_ 20140628
Tima 240
INSTROM mpact
PROBAD 5 mn PATXO L9F
PULPRCG g
™ £5536
SOLVENT DMS0
[ 16
<33 2
SWH 10330.578 H=
FIDRES 0.187632 Hz
A 3.1720407 sec
RG 128
oW 48.400 usec
DE 6.00 usec
TE
o1 1.00000000 sec
perlel 1
masmnuss CHANNEL f] ===ssmms
HUCL
Fl 14,14 usec
PLL 1,00 dB
5POL 500.1330B85 MHz
51 31768
8F 500.1300041 MHz
WD ng
558 [
LB 0.00 Hz
GB [
PC 1.00
L‘ ¥ - L
T T T T T T
5 4 3 2 1 Ppm
LR g
~
o @
: -1
o - DIZIW-6-19
= gi C1l3CPD DMSO
b XB20140627
EXPND 33
FROCHO 1
Date_ 20140628
Tim 3.36
INSTRUM spect
PROBAD 5 mm PATXO 19F
PULPROG z2gpg30
™ 63336
SOLVENT DHSC
NS 1024
os 4
SWH 30030.029 H=z
FIDRES 0458222 ¥z
RO 1.0912410 sec
BG 287.4
oW 16.650 usec
DE 6.00 usec
TE 2 i
Bl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
™ 1

165
500.1320005
32768

125.7578504
no

0

0.00

o

1.40



Wor-o e n ow MHING DEEMOoMoT o

@m0 N WINT WNMN OO oD .3

fr v e R e K ] MWD AD WD WD MDD WD D N @ @ @ DZW-5-157
il el okl ookl ol NN AAAAAS000 PROTON DMSO

HAME XBZ0140627
EXPHO 28
N-NH EROCKHO 1
| Q Date 20140628
Time 0.36
IRETROM spect
0. -0 FROBRD 5 mm PATKO 19F
PULPROG 230
T 65536
SOLVENT OHS0
HS 16
DS 2
SWH 10330.578 Wz
FIDRES 0.157632 Hz
R 3.1720407 aec
RG 90.5
oW 48.400 usec
OB €.00 usec
TE 296.1 K
ol 1.00000000 sec
o0 1
sesssces CHANNEL £] s=sseaae
wUCl 16
El 14.14 usec
PL1 1.00 48
EPOL 500. 1330885 Miz
81 32768
sF 500.1300042 Mz
W no
558
LE 0.00 Hz
GB [
[ 1.00
| —_—
T T T T T T T T T I T L] T T T T L]
80 75 70 65 60 55 5.0 .5 40 35 30 25 20 15 1.0 05 ppm
- s@mowo
= = = o
o oo i =
S NNNMN & r o DIW=5-157
‘|' ‘\I\IIP g 'I' ‘|' C13CPD DMSO
= HAME XB2014062T
hf NH EXPNO 29
PROCNC 1
Date_ Zﬂlll}sig
Time 1
020 THSTROM spect
FROBRD 5 mm PATXO 197
PULPRI z2gpa il
™ 63336
SOLVENT oMED
9 1024
D& &
5WH 30030.029 Wz
FIDRES 0.458222 Hz
A 1,0912410 asc
RG 287.4
oW 16,650 usec
0B 6,00 usec
TE 297.7T K
38 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 aec
™0 1
mewmm— CHANNEL £1 == m———
LM
Bl 5.50 usec
PL =0.50 dB
POl 125.7703643 Miiz
mmmmmmme CEANNEL £ ===
CPOPRG2 waltzlh
wUC2 1
PCPDZ B0.00 uses
FL 1.00 aB
PLLZ 16.05 db
FLLY 16,50 dB
Sroz 500.1320005 MHz
a1 ITTE
5F 125. 7578477 MHz
WO EN
558 a
LE 1.00 Hs
= a
FC 1.40
i Y
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 ppm
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(=1
i O
] SoBn g ;o o DZW-5-140
& by i Bt i Al ) PROTON CDC13
- ol ol o o L
| W BAME XB20140120
EXPRO 10
PROCND 1
Bata_ 20180120
Tine 10,57
N-NH THSTRUM spact
- FROBAD 5 mm PATHO 19F
PULPRCG 2530
™ E3536
SOLVENT cocil
[ 16
o8 Fl
59 10330.578 Hz
FIDRES 0,157632 Hr
g 3,1730407 aec
RG 143,7
oW 48,400 ussc
e 6,00 usec
TE
Dl 1.00000000 sec
DO 1
mssessce CHANNEL f1 ssmsmes
1"
14,14 usec
1.00 aB
500, 1330885 M=
2763
500.1300126 Mii=
Ao
)
0.00 He
a
1.00
d
T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 ppm
= -
- g DZIW-5-140
- 5 €13CED CDCL3
XB20140120
kK
H140120
N-NH % 11,13
. spocs
5 mm PATXO 15F
2gpg3l
Q.20 65536
enbcis
56
4
30030, 029
0, 458222
1.0812410
143.7
16,650 usec
£.00 usec
TE 237,90 K
133 2.00000000 mec
dll 0.03000000 mec
DELTA 1.89999998 sec
o0 1
—wm——— CHANNEL £] sem——
N 13C
[ 8,50 aseo
PL1 -0.50 da
EFoL 1257703643 M=
wememes CHANNEL £l s=eeeees
waltzlf
18
80.00 usae
1.00 da
16.05 dB8
16.50 a8
500.1320005 Miz
2768
125,7577754 MHa
EN
Q
1,00 Hs
[
1.49
i e cin s
T T T T T U T T L) T L] T L T T I I L T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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HW oMo CROM AT AT T OW

oD e MEFCOINTSTNOODO 0O 0T DZIW-5-162
] T T B B e T T R ] PROTON CDCLl3
L o o o S NN A A A A A o= :

™
w
@
o
-

%
,é
§

HAME
EXPFNO
EROCHD
Date_
Time
IMETRIM spect
PROBHD 5 mm PATHD 197
PULPROG £330
™ E5536
SOLVENT £ocil
Y ol
D a
WA 10330.578 Hz
FIDRES 0157632 Mz
A 3,1720407 sec
RE 114
oW 48.400 ussc
0E 6.00 upec
TE 196.7 K
o1 1.00000000 sec
™0 1
ssssusee CHANNEL f1 ssmsmsss
L 1"
®1 14,14 usec
FLl .00 ds
SPOL 500,13308485 Misz
51 2763
3F 500.1300124 Miiz
WD EN
558 a
LE 0.30 He
=1 a
C 1.00
- Ly i
T T T T T T T T T T T T
1 9 B 7 6 4 ppm
=
i =g
- br -
p s &
pis - .
- - Z e DZW-5-162
I I '|II v Cl3CPD CDC13
HAME B2 4012
EXPHO
PROCHE
Date_ 201401
n-NH Time 16,
I INSTRUM ppect
& PROGHE & mm PATXO 13F
PULFROG 2qpadd
™ 655356
o 0 SOLVENT cOC13
ug 124
4
30030.029 He
0.458222 Hx
1.0912410 sec
362
297.8
2.00000000 soc
0.03000000 sec
1.03593398 sec
CHANNEL f] s=w=—==
13
9.50 usec
~0.50 ol
123.7703643 MAz
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm
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WY D e WD e D e W T A @O RO R - GO D W0 oD DD

Ll Ml - N N - DmMEDOODPOMENNAAADSDOND A A OSDODODMN DN .
== % = s mmom VOUWOBMAOMOHNEHMEACFMEA NSO E oD Do Do o DZW=6=21

[ TT T T DN V00 OO O 8 O O ]t PROTON DMSO

HAME XB20140627
nN-NH EXPHO 40
| D FROCNG 1
Date_ 20140628
Time 6.47
@ o INSTRUM spect
FROBHD & mm PATXO 19F
PULPRO z=g3d
N-AC D 65536
SOLVENT DHE0
S5 16
1] 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ see
BG
] usec
DE usec
TE K
b1 asc
10
== CHANMEL £1
NUC in
Bl 14.14 uasec
PL1 1.00 an
sF01 500.1330885 Mz
sI 32768
5F 500.1300041 MHz
WO
S5B ]
LB 0.00 Hz
GB L]
PC 1.00
| L LL_/J{ s .
T T T T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 OS5 ppm
ol led o =l leled
— = - O D D
il il iy 2R
g3 g BEEnE ol DZW-6-21
TII? —| W ’i‘ TT C13CPD DMSO
HAME XB20140E27
N=NH EXPHO 41
| Y. O PROCHG 1
Date_ 20140628
Time T.1%
G 0.0 THETRIMN spec
FROBAD 5 mm PATXO 19F
PULPROG 2gpg 3l
-AC I B3536
SOLVENT D50
NS 512
Ds 4
SWH 30030029 K
FIDRES 0.458222 Hz
BO 1.0912410 sec
A 203.2
ow 16.650 usec
DE £.00 usec
TE 298.2 K
o1 2.00000000 sec
d11 0.03000000 sec
DELTA 189999998 sec
0 1
———————— CHANNEL £] =
NDCL 13c
#1 9.50 usec
PL1 -0.50
5F01 123.7703643 MHz
CHANNEL £2
waltzlh
1
B0.00 usec
1,00 aB
W05 dBb
.50 B
500,1330005 Mhz
32768
125.7578466 MHz
no
0
0.00 Hs
[
1.40
s
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 ppm
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=1 MM e D % 0D M 0D LD D o Nl ] D D0 e DO DZW-4-117
0 DI M QOO @AW @D M O D W M G @ PROTON DMSO
s PO O P P = - 0 D W0 WD WD T e e
- e T T ol o o o o o ol ol
Wﬁ HAME xB20140627
EXPRO zl
n-NH EROCKOD 1
i Datea_ 20140627
Tima 23.24
INETRUM spect
o. .0 FROBAD 5 mm PATXD 19F
PULPRO £2G30
65536
LVENT DHS0
16
2
10330.578 W=
FIDRES 0.157632 Hz
A 1720407 asc
BG 114
oW 48.400 usec
DE 6.00 usec
TE 296.0 K
o1 L. 00000000 sec
D0 1
sesmmsses CHANMEL £l ===seses
HUCL 18
Fl 14,14 usec
PL1 1,00 dB
SFOL 500.1330B85 MHz
31 31768
SF 500.1300040 MHz
Wow no
550 [
LE 0.00 Hz
GB 0
[ 1.00
T T T T T T T T T T T T T T T
14 13 12 " 10 9 8 7 6 5 4 3 2 1 ppm
- il edl o
” SENETMON N TN M
- DN 0 T N D D B
- L DZW-4-117
T :W C13CPD DMSO
BAME ®B20140627
EXPRO 23
FROCHD 1
Data 20140628
Tima 0.22
INSTRIN apect
PROBHD & mn PATHO 198
PULPRCG zgpgdld
T 65536
SOLVENT DMS0
NS 1024
o5 4
5WH 30030.029 Hz
FIDRES 0.458222
AQ
R
oW
DE
TE
71 2.00000000 sec
a1l 0.03000000 sec
DELTA 189993398 sac
™0 1
mmemmmes CHANNEL f1 ssssceae
HUCL 13c
B1 9.50 usec
PLL -0,50 dB
SPOL 125.7703643 MHz
HANNEL £ memmmemes
waltzlf
1H
B0.00 usec
1,00 dB
16,05 db
.50 dB
500.1320005 Miz
3276
125.7578495 Mnz
EM
[]
1,00 Hz
a
1.40
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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C N e O e D T MWD 0 O e T MO ™
n MEOMNDTFONMFN DGO MO RN OhD I}
h Q@O W DN NN T T T M e - S
™ T o T L VB e e e T 4 DZW-5-150
- LT Tk ot ol o o o o ol o o o o ™ PROTON DMSO
HAME xB20140120
EXFRO 19
BROCND 1
Data_ JUIII?IJ‘(;
Time 13,
N-NH THSTRM m
i PROBAD 5 mm PATHD 19F
PULPROG 2530
T B5515
0.0 SOLVENT M2
Y 18
Me (=1 2
aWR 10330.578 R
FIDRES 0,157632 u=
A 3.1720407 aec
R 228.1
ow 48.400 ussc
oE &.00 usec
TE .
o1 1.00000000 soc
D0 1
sesesses CHANNEL f1 ssssses
BTl 18
®1 14,14 usec
FLl L.00 dB
5POL 500.,1330885 MHz
51 31768
aF 500.1300042 Miiz
WD fg
558 ]
LE 0.00 Hx
= ]
PC 1.00
— T | e J
T T T T T T T T T T T T
14 13 12 1" 10 9 8 7 6 5 3 2 1 Ppm
o RLEECEEE g
w
j =
= & DZW-5-150
ny o Cl3CPD DMSO
HAME wBA01401
ENPHO 2
PROCHD
Date_ 20140120
n-HH Time 21,31
1l INSTRUM spect
PROBRD S mn PATXO 19F
PULPROG 2apadd
£5336
o o SOLVENT DMSC
5g 2200
Me 0§ h
SWH 30030.029 Wz
FIORES 0.45E223 Hx
1.0912410 sec
G 512
= 16.650 usaa
oe £.00 usec
TE 298.2 K
o1 200000000 soc
dll 0.03000060 sec
DELTA 1.8299999% asc
Two i
CHANNEL 11
16,50
500.1320005
32768
125,7578516 Miz
a
1.00 He
Q
L.20
: . -
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 &0 S0 40 30 20 10 ppm
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LTl el ol ol el ol el el
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2.429

DIW-5-149
PROTON DMS0

HAME xB20140627
EXPNO 26
PROCHC 1
Bate_ 20146628
Tize 1,56
INSTROM spect
PROBAD 5 mm PATXOQ 19F
PULPRCG 2530

™ 63336
SOLVENT oMEG

.13 16

DS 2

WA 10330.578 Hs
FIDRES 0.157632 Mz
AQ 3.1720407 sec
RG 114

ow 48.400 usec
DE %.00 usec
TE 196.9 K

Dl 1.00000000 sec
™0 1

sssssuss CHANNEL £] sssscess
1H

Pl 14,14 usec
PLL 1,00 dB
SPOL 500. 1310835 MHz

SF 500. 13\]001_ MHz

WD EM

558 a

LB 1.00 Hz

(=1 a

PC 1.00
_/J _A_.,L L

T

9.0358.0 7«5?0&5&05553454.0&5&025“1.5 1.0 ppm
o
=
= w
4 a
= iz DEZW-5-149
o C13CPD DMSO
XB201408627
EXFHD 7
N-NH EROCNO: 1
i Y, Date_ 20140628
Time 2
INSTRUM
0.0 PROBHD % mn PATXO 15F
PULPROG zgpg 30
63536
SOLVENT T3
us 1024
s q
Me ] 30030.029 Mz
FIDRES 0.438222 Hx
A 1.0912410 sec
G 512
oM 16,650 usec
DE &,.00 usec
T® 258.0 K
£ 2,00000000 sec
di1 ©.03000000 sac
DELTA 1.89993998 sac
00 1
e CHAMMEL £1 mmmmmmmm
HUC1 130
Pl §:30 nsec
PL1 0.50 d
sFO1 1257709643 =
mmmseeee CHANNEL £2 -—-
CPOPRG2 waltz16
B 10
ECEDZ 80,00 usec
FL2 .00 dn
PL12 1605 dn
PL13 16.50 a8
SFD2 300.132000% MRz
81 v
8F 12%, 7378496 MRz
WOM 12
258
m 1.00 Bz
B
‘ ec 1.40
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 ppm
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— 0. 663
3.9

DIW-5-144
PROTON CDC13

XB20131219
19

20131219

15.1%

Apect

5 mn PATHO 19¥
2g30

E5538

£DE13

16

]
10330578 He
0,157832 =
3.1720407 sac
256
48.400 usec
6.00 waec
296.6 K
1.00000000 sec

e T S e
00 dB
500,1330E83 Mis
3276

2768
500.1300127 Mix
Ao

a
0.00 Hx
L]

L.00

55,69

Ppm
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