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1. General Information

All reagents 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, "°C, and '’F NMR spectra were recorded with a
Bruker AV-500 spectrometer operating at 500 MHz and 125 MHz, respectively, with
chemical shift values being reported in ppm relative to chloroform (6 = 7.26 ppm) or
TMS (d = 0.00 ppm) for '"H NMR; chloroform (6 = 77.16 ppm) for *C NMR; and
CeFs (0 = -164.9 ppm) for ’F 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 300-400 mesh were used for flash column
chromatography. Yields refer to chromatographically and spectroscopically pure
compounds, unless otherwise indicated. Unless commercially available alkynes,
N-(3-ethynylphenyl)acetamide,' 1-(4-ethynyl-phenyl)ethanone,’ 2-ethynyl-6-methoxy-
naphthalene,”  3-ethynyl-1-tosyl-1H-indole,”  1,4-diethynyl  benzene,” phenyl
propiolate,® 1-phenylprop-2-yn-1-ol,” 1-phenylprop-2-yn-1-one,” 4-methyl-N,N-di-
(prop-2-yn-1-yl)benzenesulfonamide,® N-allyl-4-methyl-N-(prop-2-yn-1-yl)-benzene-
sulfonamide,”  4-methyl-N-(prop-2-yn-1 -yl)benzenesulfonamide,8 (prop-2-yn-1-
yloxy)benzene,”  2-(prop-2-yn-l-yloxy)naphthalene,'® and  2-(prop-2-yn-1-yl)-
isoindoline-1,3-dione'' were all prepared according to the literature reported

procedures.
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2. Synthesis and Characterization of Products
0

| )—CO,Et

N-g
Ethyl 3-benzoyl-isoxazole-5-carboxylate (3aa) (General Procedure):12 To a test tube were
added 2a (31 pL, 0.3 mmol), Cu(NOs3),-3H,0 (145.0 mg, 0.6 mmol) and PhCN (1.0 mL). The
mixture was stirred at 60 °C under N,, then 1a (50 uL, 0.45 mmol) in PhCN (0.5 mL) was added
to the test tube through a syringe pump for 2 h. The reaction was kept stirring at 60 °C for another
0.5 h. Upon completion, the reaction mixture was cooled down to room temperature, diluted with
EA and washed with water and brine. The aqueous phase was extracted with EA (3%x10 mL) and
the combined organic phase was dried over anhydrous Na,SO,. After filtration through a thin pad
of celite, the filtrate was evaporated in vacuum to give the crude product, which was purified by
column chromatography on silica gel to give 3aa as a white solid (68.8 mg, 94%). M.p. 68-69 °C;
IR (KBr, cm™): 1740, 1659, 1585, 1304, 1236, 886, 724, 678; "H NMR (CDCls, 500 MHz): 6 8.29
(d, J=8.0 Hz, 2H), 7.66 (t,J = 7.5 Hz, 1H), 7.53 (t, J= 8.0 Hz, 2H), 7.42 (s, 1H), 4.47 (q, J= 7.0
Hz, 2H), 1.43 (t, J = 7.0 Hz, 3H); *C NMR (CDCls, 125 MHz): 6 184.5, 162.2, 161.1, 156.3,
135.2, 134.4, 130.7, 128.7, 110.1, 62.7, 14.1; LC-MS (ESI) m/z 246 [MH].

0

| D—COo,Me
N-g

Methyl 3-benzoyl-isoxazole-5-carboxylate (3ab):13 Following the general procedure as for 3aa,
to the mixture of 2b (27 uL, 0.3 mmol), Cu(NO;), 3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.0 mL)
was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction was
stirred for another 0.5 h and afforded the desired product 3ab as a white solid (67.6 mg, 97%).
M.p. 96-97 °C; IR (KBr, cm™): 3142, 1731, 1656, 1443, 1287, 1254, 997, 890, 725, 678; '"H NMR
(CDCls, 500 MHz): ¢ 8.29 (d, J = 8.0 Hz, 2H), 7.66 (t, J = 7.5 Hz, 1H), 7.53 (t, J= 7.5 Hz, 2H),
7.42 (s, 1H), 4.00 (s, 3H); >C NMR (CDCls, 125 MHz): 6 184.4, 162.2, 160.8, 156.7, 135.1,
134.5,130.7, 128.7, 110.3, 53.2; LC-MS (ESI) m/z 232 [MH].

O

| N—CO,Ph

N-g
Benzoyl 3-benzoyl-isoxazole-5-carboxylate (3ac): Following the general procedure as for 3aa,
to the mixture of 2¢ (43.8 mg, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.0
mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction
was stirred for another 0.5 h and afforded the desired product 3ac as colorless oil (62.1 mg, 71%).
IR (KBr, cm™): 3134, 1756, 1658, 1584, 1483, 1308, 1234, 1190, 1075, 888, 732, 680; 'H NMR
(CDCl3, 500 MHz): 6 8.34 (d, J = 7.5 Hz, 2H), 7.70 (t, J = 7.5 Hz, 1H), 7.62 (s, 1H), 7.56 (t, J =
8.0 Hz, 2H), 7.47 (t, J = 8.0 Hz, 2H), 7.35 (t, J = 7.5 Hz, 1H), 7.27 (d, J = 8.0 Hz, 2H); *C NMR
(CDCls, 125 MHz): 6 184.3, 162.4, 160.4, 154.6, 149.7, 135.1, 134.6, 130.8, 129.8, 128.8, 126.9,
121.2, 111.3; LC-MS (ESI) m/z 294 [M'H]; HRMS (ESI) m/z caled for C;;H;;NO, [M'H]
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294.0761, found 294.0758.
O O
N

SRR

(Isoxazole-3,5-diyl)bis(phenylmethanone) (Sad):14 Following the general procedure as for 3aa,
to the mixture of 2d (39 mg, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.0 mL)
was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction was
stirred for another 0.5 h and afforded the desired product 3ad (61.7 mg, 74%). IR (KBr, cm'l):
3152, 1668, 1599, 1448, 1259, 893, 725, 687; '"H NMR (CDCl;, 500 MHz): ¢ 8.35 (d, J = 7.5 Hz,
2H), 8.15 (d, J = 7.5 Hz, 2H), 7.73-7.67 (m, 2H), 7.61-7.54 (m, 4H), 7.49 (s, 1H); *C NMR
(CDCls, 125 MHz): ¢ 184.7, 180.9, 167.0, 161.9, 135.3, 135.2, 134.5, 134.4, 130.8, 130.0, 129.0,
128.8, 110.9; LC-MS (ESI) m/z 278 [MH].
@)

TN
N-o

(5-Butylisoxazol-3-yl)(phenyl)methanone (3ae):12 Following the general procedure as for 3aa,
to the mixture of 2e (34 pL, 0.3 mmol), Cu(NO;),-3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.0 mL)
was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction was
stirred for another 0.5 h and afforded the desired product 3ae as pale yellow oil (42.7 mg, 62%).
IR (KBr, cm™): 2929, 2865, 1663, 1593, 1455, 1221, 1179, 891, 729, 687; 'H NMR (CDCls, 500
MHz): ¢ 8.29 (d, J= 7.5 Hz, 2H), 7.63 (t, J = 7.5 Hz, 1H), 7.51 (t, J = 7.5 Hz, 2H), 6.52 (s, 1H),
2.84 (t,J = 7.5 Hz, 2H), 1.78-1.70 (m, 2H), 1.48-1.38 (m, 2H), 0.96 (t, J = 7.5 Hz, 3H); >*C NMR
(CDCls, 125 MHz): 6 186.2, 174.7, 161.9, 135.9, 133.9, 130.6, 128.5, 101.6, 29.5, 26.3, 22.2, 13.7;
LC-MS (ESI) m/z 230 [MH].

O

TN

N-o Br
(5-(Bromomethyl)-isoxazol-3-yl)(phenyl)methanone (3af):15 Following the general procedure
as for 3aa, to the mixture of 2f (26 pL, 0.3 mmol), Cu(NO;),-3H,0 (145.0 mg, 0.6 mmol) in
PhCN (1.0 mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3af as a pale yellow solid
(48.7 mg, 61%). M.p. 36-38 °C; IR (KBr, cm™): 2924, 1854, 1649, 1596, 1454, 1261, 1222, 1089,
1023, 894, 803, 725, 683; 'H NMR (CDCls, 500 MHz): § 8.29 (d, J = 7.5 Hz, 2H), 7.66 (t, J = 7.5
Hz, 1H), 7.53 (t,J = 8.0 Hz, 2H), 6.85 (s, 1H), 4.54 (s, 2H); °C NMR (CDCls, 125 MHz): 6 185.2,
168.4, 162.1, 135.5, 134.2, 130.7, 128.7, 104.7, 18.0; EI-MS m/z (%): 268 (100) [M" (*'Br)], 266
(94) M" ("Br)].

O
1N
N-o OPh

(5-(Phenoxymethyl)-isoxazol-3-yl)(phenyl)methanone (3ag): Following the general procedure
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as for 3aa, to the mixture of 29 (38 pL, 0.3 mmol), Cu(NO3),-3H,0 (145.0 mg, 0.6 mmol) in
PhCN (1.0 mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3ag as pale yellow oil (73.0
mg, 87%). IR (KBr, cm™): 1657, 1592, 1495, 1455, 1246, 1068, 889, 835, 723, 679; '"H NMR
(CDCls, 500 MHz): ¢ 8.31 (d, J = 7.5 Hz, 2H), 7.65 (t, /= 7.5 Hz, 1H), 7.53 (t, J= 7.5 Hz, 2H),
7.34 (t, J = 8.0 Hz, 2H), 7.04 (t, J = 7.5 Hz, 1H), 7.00 (d, J = 8.0 Hz, 2H), 6.89 (s, 1H), 5.25 (s,
2H); *C NMR (CDCls, 125 MHz): 6 185.4, 168.9, 161.9, 157.6, 135.6, 134.1, 130.7, 129.8, 128.6,
122.1, 114.8, 104.4, 61.0; LC-MS (ESI) m/z: 280 [M'H]; HRMS (ESI) m/z calcd for C;7H;sNO5
[MH] 280.0968, found 280.0965.

LY “i’
Py
(5-(Naphthoxymethyl)-isoxazol-3-yl)(phenyl)methanone  (3ah): Following the general
procedure as for 3aa, to the mixture of 2h (54.7 mg, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6
mmol) in PhCN (1.0 mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump
for 2 h. The reaction was stirred for another 0.5 h and afforded the desired product 3ah as pale
yellow solid (59.0 mg, 60%). M.p. 110-111 °C; IR (KBr, cm'l): 3051, 1662, 1600, 1510, 1458,
1391, 1254, 1216, 1185, 1053, 887, 736, 682; '"H NMR (CDCl;, 500 MHz): ¢ 8.32 (d, J= 7.5 Hz,
2H), 7.80 (d, J=9.0 Hz, 2H), 7.76 (d, J= 8.0 Hz, 1H), 7.66 (t,J = 7.5 Hz, 1H), 7.53 (t, /= 7.5 Hz,
2H), 7.48 (t, J="7.5 Hz, 1H), 7.39 (t,J = 7.5 Hz, 1H), 7.25-7.21 (m, 2H), 6.93 (s, 1H), 5.36 (s, 2H);
C NMR (CDCls, 125 MHz): 6 185.4, 168.8, 161.9, 155.6, 135.6, 134.2, 134.1, 130.7, 130.0,
129.5, 128.6, 127.8, 127.0, 126.7, 124.3, 118.5, 107.3, 104.5, 61.1; LC-MS (ESI) m/z 330 [M H].
HRMS (ESI) m/z caled for Co H;sNOs [MH] 330.1125, found 330.1122.

O

TN

N-o OH
(5-(Hydroxymethyl)-isoxazol-3-yl)(phenyl)methanone (3ai):]6 Following the general procedure
as for 3aa, to the mixture of 2i (18 uL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in
PhCN (1.0 mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3ai as pale yellow oil (36.1
mg, 59%). IR (KBr, cm™"): 3425, 1662, 1593, 1452, 1181, 892, 730, 687; 'H NMR (CDCls, 500
MHz): ¢ 8.25 (d, J = 8.0 Hz, 2H), 7.64 (t, J = 7.5 Hz, 1H), 7.51 (t, J = 7.5 Hz, 2H), 6.76 (s, 1H),
4.84 (s, 2H), 2.97 (br, 1H); *C NMR (CDCl;, 125 MHz): § 185.9, 172.4, 161.7, 135.6, 134.2,
130.7, 128.6, 102.9, 56.3; LC-MS (ESI) m/z 204 [M H].

0

TN
N-g  NHTs

N-((3-Benzoyl-isoxazol-5-yl)methyl)-4-methylbenzenesulfonamide  (3aj): Following the
general procedure as for 3aa, to the mixture of 2j (62.8 mg, 0.3 mmol), Cu(NOs),-3H,0 (145.0
mg, 0.6 mmol) in PhCN (1.0 mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe
pump for 2 h. The reaction was stirred for another 0.5 h and afforded the desired product 3aj as a
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white solid (75.4 mg, 73%). M.p. 109-110 °C; IR (KBr, cm'l): 3252, 1662, 1596, 1447, 1320, 1157,
1071, 889, 727, 679; 'H NMR (CDCls, 500 MHz): 6 8.18 (d, J = 7.5 Hz, 2H), 7.72 (d, J= 8.0 Hz,
2H), 7.63 (t, J= 7.5 Hz, 1H), 7.49 (t, J = 8.0 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 6.52 (s, 1H), 5.78
(t, J= 6.5 Hz, 1H), 4.38 (d, J = 6.5 Hz, 2H), 2.33 (s, 3H); °C NMR (CDCls, 125 MHz): J 185.3,
168.7, 161.6, 144.1, 136.4, 135.4, 134.2, 130.6, 129.9, 128.6, 127.1, 103.8, 38.6, 21.5; LC-MS
(ESI) m/z 357 [M'H]; HRMS (DART) m/z caled for C;gH;7N,O4S [M'H] 357.0904, found
357.0903.

2-((3-Benzoylisoxazol-5-yl)methyl)isoindoline-1,3-dione  (3ak): Following the general
procedure as for 3aa, to the mixture of 1a (55.6 mg, 0.3 mmol), Cu(NO;),-3H,0 (145.0 mg, 0.6
mmol) in PhCN (1.0 mL) was added 2k (50 uL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump
for 2 h. The reaction was stirred for another 0.5 h and afforded the desired product 3ak as a white
solid (74.6 mg, 75%). M.p. 156-157 °C; IR (KBr, cm™): 3478, 1768, 1721, 1664, 1597, 1386,
1251, 1186, 947, 890, 737; "H NMR (CDCls, 500 MHz): ¢ 8.25 (d, J = 7.5 Hz, 2H), 7.90 (m, 2H),
7.77 (m, 2H), 7.60 (t, J = 7.5 Hz, 1H), 7.49 (t, J = 7.5 Hz, 2H), 6.77 (s, 1H), 5.08 (s, 2H); *C
NMR (CDCl;, 125 MHz): ¢ 185.3, 167.5, 167.1, 162.0, 135.5, 134.5, 134.1, 131.8, 130.7, 128.6,
123.8, 104.0, 33.1; LC-MS (DART) m/z 333 [M'H]; HRMS (ESI) m/z caled for CoH;3N,04
[MH] 333.0870, found 333.0865.
0] OH
N

oz he

(5-(Hydroxyl(phenyl)methyl)isoxazol-3-yl)(phenyl)methanone (3al): Following the general
procedure as for 3aa, to the mixture of 2| (39 mg, 0.3 mmol), Cu(NO3),-3H,0 (145.0 mg, 0.6
mmol) in PhCN (1.0 mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump
for 2 h. The reaction was stirred for another 0.5 h and afforded the desired product 3al as yellow
oil (42.4 mg, 51%). IR (KBr, cm’"): 3454, 2921, 1655, 1588, 1451, 1231, 1180, 891, 729, 690; 'H
NMR (CDCl;, 500 MHz): ¢ 8.26 (d, J = 8.0 Hz, 2H), 7.63 (t, J = 7.5 Hz, 1H), 7.53-7.44 (m, 4H),
7.43-7.35 (m, 3H), 6.67 (s, 1H), 6.00 (s, 1H), 3.06 (br, 1H); *C NMR (CDCl;, 125 MHz): & 185.8,
174.4, 161.6, 139.1, 135.6, 134.1, 130.7, 129.0, 128.9, 128.6, 126.6, 102.8, 69.4; LC-MS (ESI)
m/z 280 [MH]; HRMS (DART) m/z calcd for C;;H;4NO; [MH] 280.0968, found 280.0966.
O

OH
N

N~
(5-(2-Hydroxypropan-2-yl)isoxazol-3-yl)(phenyl)methanone (3am): Following the general
procedure as for 3aa, to the mixture of 2m (29 uL, 0.3 mmol), Cu(NO;),-3H,0 (145.0 mg, 0.6
mmol) in PhCN (1.0 mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump
for 2 h. The reaction was stirred for another 0.5 h and afforded the desired product 3am as yellow
oil (52.2 mg, 75%). IR (KBr, cm™): 3441, 2983, 1661, 1590, 1454, 1235, 1180, 892, 732, 687; 'H
NMR (CDCls, 500 MHz): ¢ 8.26 (d, J= 7.5 Hz, 2H), 7.63 (t, J= 7.5 Hz, 1H), 7.50 (t, J = 8.0 Hz,
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2H), 6.68 (s, 1H), 2.84 (br, 1H), 1.67 (s, 6H); >°C NMR (CDCls, 125 MHz): 6 186.0, 178.9, 161.6,
135.6, 134.1, 130.7, 128.6, 100.4, 69.1, 29.0; LC-MS (ESI) m/z 232 [M'H]; HRMS (DART) m/z
caled for C3H;,NO5 [M'H] 232.0968, found 232.0967.
o]
HO

N\

N~-o
(5-(1-Hydroxycyclohexyl)isoxazol-3-yl)(phenyl)methanone (3an):13 Following the general
procedure as for 3aa, to the mixture of 2n (39 pL, 0.3 mmol), Cu(NOs3),-3H,0 (145.0 mg, 0.6
mmol) in PhCN (1.0 mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump
for 2 h. The reaction was stirred for another 0.5 h and afforded the desired product 3an as pale
yellow oil (62.2 mg, 76%). IR (KBr, cm™): 3517, 2934, 2859, 1742, 1698, 1448, 1286, 1218, 1174,
1016, 941, 860; 'H NMR (CDCls, 500 MHz): 6 8.27 (d, J = 7.5 Hz, 2H), 7.63 (t, J= 7.5 Hz, 1H),
7.51 (t, J = 7.5 Hz, 2H), 6.70 (s, 1H), 2.61 (br, 1H), 2.06-1.97 (m, 2H), 1.97-1.88 (m, 2H),
1.82-1.71 (m, 2H), 1.68-1.53 (m, 3H), 1.44-1.33 (m, 1H); °C NMR (CDCls, 125 MHz): & 186.0,
178.9, 161.6, 135.7, 134.1, 130.7, 128.6, 100.8, 70.4, 36.6, 29.7, 25.1, 21.5, 13.9; LC-MS (ESI)
m/z 272 [M'H].

O

| N—TMS

N-o
Phenyl(5-(trimethylsilyl)isoxazol-3-yl)methanone (3a0):17 Following the general procedure as
for 3aa, to the mixture of 20 (39 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN
(1.0 mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3a0 as a white solid (50.6
mg, 69%). M.p. 32-34 °C; IR (KBr, cm™): 3141, 2960, 1665, 1590, 1451, 1241, 1063, 889, 845,
688; 'H NMR (CDCls, 500 MHz): J 8.30 (d, J = 7.5 Hz, 2H), 7.64 (t,J = 7.5 Hz, 1H), 7.52 (t, J =
7.5 Hz, 2H), 6.97 (s, 1H), 0.40 (s, 9H); *C NMR (CDCls, 125 MHz): 6 186.3, 179.3, 160.2, 136.1,
133.9, 130.7, 128.5, 113.5, -1.93; LC-MS (ESI) m/z 246 [M H].

0 T™S

1 N—TMS

N~-g
(4,5-Bis(trimethylsilyl)isoxazol-3-yl)(phenyl)methanone  (3ap): Following the general
procedure as for 3aa, to the mixture of 2p (68 pL, 0.3 mmol), Cu(NOs3),-3H,0 (290.0 mg, 1.2
mmol) in PhCN (1.0 mL) was added 1a (100 pL, 0.9 mmol) in PhCN (0.5 mL) by syringe pump
for 2 h. The reaction was stirred for another 45 min and afforded the desired product 3ap as a
colorless solid (57.8 mg, 61%). M.p. 93-94 °C; IR (KB, cm'l): 3444, 2959, 1659, 1587, 1450,
1414, 1254, 1216, 906, 841, 748, 689; '"H NMR (CDCls, 500 MHz): ¢ 8.08 (d, J = 7.5 Hz, 2H),
7.63 (t,J=17.5 Hz, 1H), 7.50 (t, J = 7.5 Hz, 2H), 0.46 (s, 9H), 0.27 (s, 9H); >°C NMR (CDCls, 125
MHz): 6 190.0, 183.0, 164.0, 136.6, 134.1, 130.5, 128.6, 121.6, 0.90, -0.49; LC-MS (ESI) m/z 318
[M'H]; HRMS (DART) m/z calcd for C;4H;;NO4 [MH] 318.1340, found 318.1337.
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0] COOMe

| )—COOMe

N-o
Dimethyl 3-benzoylisoxazol-4,5 dicarboxylate (3aq):18 Following the general procedure as for
3aa, to the mixture of 2q (37 pL, 0.3 mmol), Cu(NOs;),-3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.0
mL) was added 1a (50 pL, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction
was stirred for another 0.5 h and afforded the desired product 3aq as a white solid (65.2 mg, 75%).
M.p. 92-93 °C; IR (KBr, cm™): 2962, 1749, 1658, 1598, 1451, 1286, 1216, 1172, 1097, 902, 688;
'H NMR (CDCl;, 500 MHz): 6 8.17 (d, J = 7.5 Hz, 2H), 7.68 (t, J = 7.5 Hz, 1H), 7.54 (t, J = 7.5
Hz, 2H), 4.03 (s, 3H), 3.90 (s, 3H); °C NMR (CDClLs, 125 MHz): J 183.8, 160.2, 159.9, 159.0,
155.9, 134.9, 134.8, 130.6, 128.9, 117.7, 53.7, 53.3; LC-MS (ESI) m/z 290 [M'H]; HRMS (ESI)

m/z caled for C14H;2NOg [MH] 290.0665, found 290.0656.
o)

N-((3-phenzoyl-4,5-dihydroisoxazol-5-yl)methyl)-N-((3-benzoylisoxazol-5-yl)methyl)-4-meth
ylbenzenesulfonamide (3ar): Following the general procedure as for 3aa, to the mixture of 2r
(74.2 mg, 0.3 mmol), Cu(NO3),-3H,0 (290.0 mg, 1.2 mmol) in PhCN (1.0 mL) was added la
(100 pL, 0.9 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction was stirred for
another 0.5 h and afforded the desired product 3ar as a white solid (70.6 mg, 43%). M.p. 128-129
°C; IR (KBr, cm™): 3137, 1661, 1597, 1452, 1344, 1250, 1163, 1092, 896, 824, 728, 682, 545; 'H
NMR (CDCls, 500 MHz): 6 8.22 (d, J = 7.5 Hz, 4H), 7.72 (d, J = 8.0 Hz, 2H), 7.64 (t, J= 7.5 Hz,
2H), 7.49 (t, J = 8.0 Hz, 4H), 7.30 (d, J = 8.5 Hz, 2H), 6.66 (s, 2H), 4.71 (s, 4H), 2.38 (s, 3H); "°C
NMR (CDCl;, 125 MHz): 6 185.1, 167.6, 161.9, 144.7, 135.8, 135.4, 134.2, 130.6, 130.1, 128.6,
127.4, 104.9, 42.7, 21.6; LC-MS (ESI) m/z 542 [M'H]; HRMS (DART) m/z calcd for
C2oH24N306S [MH] 542.1380, found 542.1372.

N,N-bis((3-benzoylisoxazol-5-yl)methyl)-4-methylbenzenesulfonamide (3as): Following the
general procedure as for 3aa, to the mixture of 2s (74.8 mg, 0.3 mmol), Cu(NOs),-3H,0 (290.0
mg, 1.2 mmol) in PhCN (1.0 mL) was added 1a (100 pL, 0.9 mmol) in PhCN (0.5 mL) by syringe
pump for 2 h. The reaction was stirred for another 0.5 h and afforded the desired product 3as as
yellow oil (81.0 mg, 51%). IR (KBr, cm™): 2923, 2858, 1655, 1456, 1369, 1253, 1158, 1088, 888,
806, 738; '"H NMR (CDCls, 500 MHz): J 8.21 (d, J = 7.5 Hz, 2H), 8.15 (d, J = 7.5 Hz, 2H), 7.69
(d, J=8.0 Hz, 2H), 7.63 (t,J = 7.5 Hz, 1H), 7.58 (t, J= 7.5 Hz, 1H), 7.53-7.42 (m, 5H), 7.29 (d, J
= 8.0 Hz, 2H), 6.60 (s, 1H), 5.11-5.04 (m, 1H), 4.81 (d, J = 4.0 Hz, 2H), 3.68 (dd, J=15.0, 3.5 Hz,
1H), 3.51-3.40 (m, 2H), 3.24 (dd, J = 18.0, 8.5 Hz, 1H), 2.38 (s, 3H); °C NMR (CDCl;, 125
MHz): 6 185.7, 185.1, 168.2, 161.7, 158.0, 144.4, 135.9, 135.5, 135.4, 134.1, 133.8, 130.6, 130.3,
130.0, 128.6, 128.5, 127.3, 104.8, 82.4, 50.9, 44.1, 37.4, 21.5; LC-MS (ESI) m/z 544 [MH];
HRMS (DART) m/z calcd for CooHyeN304S [MH] 544.1537, found 544.1534.
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1 N—CO,Et

N-g
Ethyl 3-(2-methoxybenzoyl)-isoxazole-5-carboxylate (3ba): Following the general procedure as
for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN
(1.0 mL) was added 1b (59.5 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3ba as yellow oil (48.1 mg,
57%). IR (KBr, cm™): 1729, 1679, 1599, 1465, 1292, 1242, 1020, 892, 756; "H NMR (CDCls, 500
MHz): 6 7.63 (dd, J=17.5, 1.5 Hz, 1H), 7.57-7.50 (m, 1H), 7.31 (s, 1H), 7.05 (t, /= 7.5 Hz, 1H),
7.01 (d, J = 8.0 Hz, 1H), 4.45 (q, J = 7.0 Hz, 2H), 3.76 (s, 3H), 1.42 (t, J = 7.0 Hz, 3H); >C NMR
(CDCls, 125 MHz): 6 186.5, 163.0, 161.1, 158.9, 156.4, 134.4, 130.8, 126.7, 120.6, 112.1, 108.9,
62.6, 55.8, 14.1; LC-MS (ESI) m/z 276 [M'H]; HRMS (ESI) m/z caled for C;4H,NOs [MH]
276.0866, found 276.0864.

Cl O

T N—CO,Et

N-0
Ethyl 3-(2-chlorobenzoyl)-isoxazole-5-carboxylate (3ca): Following the general procedure as
for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN
(1.0 mL) was added 1c (61.5 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3ca as yellow oil (60.1 mg,
72%). IR (KBr, cm™'): 2986, 1741, 1687, 1586, 1438, 1276, 1235, 1184, 1014, 896, 749; '"H NMR
(CDCls, 500 MHz): 6 7.65 (d, J = 7.0 Hz, 1H), 7.53-7.45 (m, 2H), 7.45-7.36 (m, 2H), 4.46 (q, J =
7.0 Hz, 2H), 1.42 (t, J = 7.0 Hz, 3H); C NMR (CDCls, 125 MHz): § 185.8, 162.2, 161.9, 156.1,
136.0, 133.0, 132.5, 130.7, 130.6, 126.8, 108.8, 62.7, 14.1; LC-MS (ESI) m/z: 282.0 (28) [M'H
¢’C1y], 280.0 (100) [M'H (*°Cl)]; HRMS (ESI) m/z caled for Cj3H; CINO, [MH] 280.0371,
found 280.0371.

0]

Me
| N—CO,Et

N-0

Ethyl 3-(3-methylbenzoyl)-isoxazole-5-carboxylate (3da): Following the general procedure as
for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN
(1.0 mL) was added 1d (52.3 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3da as yellow oil (72.5 mg,
93%). IR (KBr, cm™): 2986, 1740, 1666, 1590, 1444, 1258, 1205, 1091, 1017, 933, 751; '"H NMR
(CDCl3, 500 MHz): 6 8.09 (d, J = 7.5 Hz, 1H), 8.06 (s, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.44-7.38 (m,
2H), 4.47 (q, J = 7.0 Hz, 2H), 2.44 (s, 3H), 1.43 (t, J = 7.0 Hz, 3H); >C NMR (CDCl, 125 MHz):
0 184.7, 162.2, 161.1, 156.3, 138.6, 135.3, 135.2, 131.0, 128.6, 128.1, 110.1, 62.6, 21.4, 14.1;
LC-MS (ESI) m/z 260 [M'H]; HRMS (ESI) m/z calcd for C14H;NO4 [M'H] 260.0917, found
260.0912.
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1 NN—CO,Et
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Ethyl 3-(3-acetamidobenzoyl)-isoxazole-5-carboxylate (3ea): Following the general procedure
as for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NO3),-3H,0 (145.0 mg, 0.6 mmol) in
PhCN (1.0 mL) was added 1e (71.6mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h.
The reaction was stirred for another 45 mins and afforded the desired product 3ea as a white solid
(70.0 mg, 77%). M.p. 151-152 °C; IR (KBr, cm™): 3269, 1726, 1665, 1552, 1444, 1282, 1262,
1221, 1014, 836, 758; '"H NMR (CDCls, 500 MHz): J 8.24 (s, 1H), 8.04 (d, J = 8.0 Hz, 2H), 8.00
(d, J=17.5 Hz, 1H), 7.89 (s, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.38 (s, 1H), 4.46 (q, J = 7.0 Hz, 2H),
2.21 (s, 3H), 1.43 (t, J= 7.0 Hz, 3H); *C NMR (CDCl;, 125 MHz): J 183.9, 168.9, 162.1, 161.1,
156.2, 138.5, 135.6, 129.5, 126.4, 125.9, 121.6, 110.1, 62.7, 24.5, 14.1; LC-MS (ESI) m/z 303
[M+H]; HRMS (ESI) m/z caled for C;sH 5N,Os5 [M+H] 303.0975, found 303.0977.

O

T N—CO,Et

N-o
Ethyl 3-(3-fluorobenzoyl)-isoxazole-5-carboxylate (3fa): Following the general procedure as for
3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NO;),-3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.0
mL) was added 1f (54.1 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction
was stirred for another 1 h and afforded the desired product 3fa as colorless oil (57.1 mg, 72%).
IR (KBr, cm'l): 3474, 2985, 1740, 1672, 1584, 1445, 1256, 1205, 1013, 759; '"H NMR (CDCl;,
500 MHz): ¢ 8.17-8.13 (m, 2H), 8.04-7.99 (m, 1H), 7.55-7.49 (m, 1H), 7.43 (s, 1H), 7.40-7.34 (m,
1H), 4.48 (q, J = 7.0 Hz, 2H), 1.44 (t, J = 7.0, 3H); '°F NMR (CDCls, 470 MHz): & -111.3 (m,
Ar-F); °C NMR (CDCls, 125 MHz): 6 183.3 (‘Jor = 2.5 Hz), 162.8 (‘Jor = 247.0 Hz), 162.1,
161.4, 156.3, 137.1 CJer = 7.0 Hz), 130.5 (“Jer = 8.0 Hz), 126.8 (“Jor = 3.0 Hz), 121.6 (Jey =
21.0 Hz), 117.4 (*Jer = 23.0 Hz), 110.1, 62.9, 14.2; LC-MS (ESI) m/z 264 [M H]; HRMS (ESI)
m/z caled for Ci3H; FNO, [MH] 264.0667, found 264.0665.

O

| —CO,Et

Me N-0
Ethyl 3-(4-methylbenzoyl)-isoxazole-5-carboxylate (3ga): Following the general procedure as
for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN
(1.0 mL) was added 19 (52.3 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3ga as a white solid (72.7
mg, 93%). M.p. 70-72 °C; IR (KBr, cm™): 1737, 1660, 1605, 1316, 1252, 894, 763; 'H NMR
(CDCls, 500 MHz): ¢ 8.21 (d, J = 8.0 Hz, 2H), 7.40 (s, 1H), 7.33 (d, J = 8.0 Hz, 2H), 4.47 (q, J =
7.0 Hz, 2H), 2.45 (s, 3H), 1.43 (t, J = 7.0 Hz, 3H); >C NMR (CDCl;, 125 MHz): § 184.0, 162.3,
161.0, 156.3, 145.7, 132.7, 130.9, 129.5, 110.1, 62.6, 21.9, 14.1; LC-MS (ESI) m/z: 260 [M HJ;
HRMS (ESI) m/z: caled for C14H4NO4 [M+H] 260.0917, found 260.0915.
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MeO N-0

Ethyl 3-(4-methoxybenzoyl)-isoxazole-5-carboxylate (3ha): Following the general procedure as
for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN
(1.0 mL) was added 1h (59.5 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3ha as a white solid (66.2
mg, 80%). M.p. 92-94 °C; IR (KBr, cm™"): 1744, 1597, 1431, 1249, 1185, 1012, 889, 764; 'H
NMR (CDCls, 500 MHz): ¢ 8.33 (d, J = 9.0 Hz, 2H), 7.40 (s, 1H), 7.00 (d, J = 9.0 Hz, 2H), 4.47
(q,J = 7.0 Hz, 2H), 3.90 (s, 3H), 1.43 (t, J = 7.0 Hz, 3H); >C NMR (CDCl;, 125 MHz): 5 182.6,
164.8, 162.5, 160.9, 156.4, 133.3, 128.2, 114.1, 110.2, 62.6, 55.6, 14.1; LC-MS (ESI) m/z: 276
[M+H]; HRMS (ESI) m/z: caled for C;4H4NOs [M+H] 276.0866, found 276.0863.

)

1 N—CO,Et

F N-0

Ethyl 3-(4-fluorobenzoyl)-isoxazole-5-carboxylate (3ia): Following the general procedure as for
3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NO;),-3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.0
mL) was added 1i (54.1 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction
was stirred for another 0.5 h and afforded the desired product 3ia as a white solid (68.1 mg, 86%).
M.p. 61-62 °C; IR (KBr, cm™): 1738, 1663, 1592, 1307, 1239, 894, 861, 768; '"H NMR (CDCls,
500 MHz): ¢ 8.40-8.37 (m, 2H), 7.42 (s, 1H), 7.21 (t, J = 8.5 Hz, 2H), 4.47 (q, J = 7.0 Hz, 2H),
1.44 (t, J = 7.0 Hz, 3H); "’F NMR (CDCls, 470 MHz): ¢ -102.3 (m, Ar-F); *C NMR (CDCl;, 125
MHz): 6 182.9, 165.8, 162.3, 161.3, 156.3, 137.7 (d, *Je.r = 10.0 Hz), 131.7 (Jcr = 3.0 Hz), 116.2
(d, *Jer = 22.0 Hz), 110.2, 62.8, 14.3; LC-MS (ESI) m/z 264 [MH]; HRMS (ESI) m/z calcd for
C13H FNO, [MH] 264.0667, found 264.0665.

O

| N)—CO,Et

o N-0

Ethyl 3-(4-chlorobenzoyl)-isoxazole-5-carboxylate (3ja): Following the general procedure as
for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN
(1.0 mL) was added 1j (61.5 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3ja as a white solid (70.3
mg, 84%). M.p. 64-66 °C; IR (KBr, cm'l): 1741, 1656, 1581, 1239, 1177, 890, 761; '"H NMR
(CDCls, 500 MHz): ¢ 8.29 (d, J=9.0 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 7.42 (s, 1H), 4.48 (q, J =
7.0 Hz, 2H), 1.44 (t, J = 7.0 Hz, 3H); °C NMR (CDCls, 125 MHz): 6 183.1, 162.0, 161.3, 156.2,
141.2, 133.4, 132.1, 129.1, 110.1, 62.7, 14.1; LC-MS (ESI) m/z: 282 (36) [MH (*’CI)], 280 (100)
[MH (*>Cl)]. HRMS (ESI) m/z: caled for C13H;;CINO, [M"H] 280.0371, found 280.0369.

)

1 N—CO,Et
N-
Br O
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Ethyl 3-(4-bromobenzoyl)-isoxazole-5-carboxylate (3ka): Following the general procedure as
for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN
(1.0 mL) was added 1k (81.5 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3ka as a white solid (88.3
mg, 91%). M.p. 74-75 °C; IR (KBr, cm™): 2991, 1740, 1656, 1579, 1307, 1236, 1177, 1008, 888,
757; '"H NMR (CDCls, 500 MHz): d 8.20 (d, J = 8.5 Hz, 2H), 7.68 (d, J = 8.5 Hz, 2H), 7.42 (s,
1H), 4.47 (q, J = 7.0 Hz, 2H), 1.43 (t, J = 7.0 Hz, 3H); >C NMR (CDCl;, 125 MHz): § 183.4,
162.0, 161.3, 156.2, 133.8, 132.2, 132.1, 130.1, 110.0, 62.7, 14.1; LC-MS (ESI) m/z: 326 (88)
[MH (*'Br)], 324 (90) [M'H ("Br)]. HRMS (ESI) m/z calcd for C3H;;BrNO, [MH] 323.9866,
found 323.9863.

O

| N—CO,Et

Ac N-0

Ethyl 3-(4-acetylbenzoyl)-isoxazole-5-carboxylate (3la): Following the general procedure as for
3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NO;),-3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.0
mL) was added 1l (64.9 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction
was stirred for another 0.5 h and afforded the desired product 3la as a white solid (66.7 mg, 77%).
M.p. 73-75 °C; IR (KBr, cm™): 1742, 1688, 1656, 1582, 1259, 1204, 904, 858; 'H NMR (CDCls,
500 MHz): ¢ 8.41 (d, J = 8.5 Hz, 2H), 8.11 (d, J = 8.5 Hz, 2H), 7.47 (s, 1H), 4.50 (q, J = 7.0 Hz,
2H), 2.69 (s, 3H), 1.46 (t, J = 7.0 Hz, 3H); *C NMR (CDCls, 125 MHz): 6 197.4, 184.0, 162.0,
161.4, 156.1, 140.9, 138.3, 130.9, 128.4, 110.0, 62.8, 27.0, 14.1; LC-MS (ESI) m/z 288 [MH];
HRMS (ESI) m/z caled for C;sH;;NOs [MH] 288.0866, found 288.0864.

)

N-
MeO O

Ethyl 3-(6-methoxy-2-naphthoyl)-isoxazole-5-carboxylate (3ma): Following the general
procedure as for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6
mmol) in PhCN (1.0 mL) was added 1m (82.0 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe
pump for 2 h. The reaction was stirred for another 0.5 h and afforded the desired product 3ma as a
white solid (64.8 mg, 71%). M.p. 117-119 °C; IR (KBr, cm™"): 1746, 1616, 1479, 1391, 1269, 1206,
1016, 865; "H NMR (CDCls, 500 MHz): & 8.90 (s, 1H), 8.22 (dd, J = 8.5, 1.0 Hz, 1H), 7.89 (d, J =
9.0 Hz, 1H), 7.81 (d, J = 9.0 Hz, 1H), 7.45 (s, 1H), 7.21 (dd, J = 9.0, 2.0 Hz, 1H), 7.16 (s, 1H),
4.48 (g, J = 7.0 Hz, 2H), 3.95 (s, 3H), 1.45 (t, J = 7.0 Hz, 3H); °C NMR (CDCls, 125 MHz): §
183.8, 162.5, 161.0, 160.5, 156.4, 138.1, 134.0, 131.9, 130.5, 127.7, 127.4, 125.8, 119.9, 110.3,
105.8, 62.6, 55.5, 14.2; LC-MS (ESI) m/z 326 [M'H]; HRMS (ESI) m/z calcd for C,3H;¢NOs
[M'H] 326.1023, found 326.1018.

O

] 1 N—CO,Et
N N-o
TS

Ethyl 3-(1-tosyl-1H-indole-3-carbonyl)-isoxazole-5-carboxylate (3na): To the test tube were
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added 1n (132.9 mg, 0.45 mmol), 2a (31 pL, 0.3 mmol), Cu(NOs), -3H,0 (145.0 mg, 0.6 mmol) in
PhCN (1.5 mL). The reaction was stirred under N, at 60 °C for 1 h. Upon completion, the reaction
mixture was cooled down to room temperature, diluted with EA and washed with water and brine.
The aqueous phase was then extracted with EA (3x10 mL). The combined organic phase was
dried over anhydrous Na,SO,. After filtration through a thin pad of celite, the filtrate was
evaporated in vacuum to give the crude product, which was purified by column chromatography
on silica gel to give the desired product 3na as a white solid (68.2 mg, 52%). M.p. 141-142 °C; IR
(KBr, cm’™): 3148, 1741, 1645, 1529, 1443, 1378, 1296, 1203, 1012, 960, 842, 757, 662, 574; 'H
NMR (CDCls, 500 MHz): 6 9.04 (s, 1H), 8.43 (d, J=7.0 Hz, 1H), 7.99 (d, /= 7.5 Hz, 1H), 7.89
(d, J=8.5 Hz, 2H), 7.48-7.37 (m, 3H), 7.29 (d, /= 8.0 Hz, 2H), 4.49 (q, J = 7.0 Hz, 2H), 2.37 (s,
3H), 1.46 (t, J = 7.0 Hz, 3H); °C NMR (CDCls, 125 MHz): 6 178.3, 162.7, 161.3, 156.3, 146.1,
136.6, 134.7, 134.4, 130.3, 127.9, 127.4, 126.2, 125.2, 122.9, 118.5, 113.3, 109.3, 62.7, 21.7, 14.2;
LC-MS (ESI) m/z 439 [M'H]. HRMS (ESI) m/z caled for C5,H oN,06S [MH] 439.0958, found
439.0952.

0]

S N-o

Ethyl 3-(thienyl)-isoxazole-5-carboxylate (30a): Following the general procedure as for 3aa, to
the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.0 mL)
was added 10 (48.7 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe pump for 2 h. The reaction was
stirred for another 0.5 h and afforded the desired product 30a as a white solid (53.3 mg, 71%).
M.p. 78-79 °C; IR (KBr, cm™): 1727, 1637, 1442, 1246, 1170, 743, 743; '"H NMR (CDCl;, 500
MHz): ¢ 8.46 (d, J = 3.5 Hz, 1H), 7.83 (d, /=4.5 Hz, 1H), 7.42 (s, 1H), 7.23 (t, J = 4.0 Hz, 1H),
4.47 (q, J = 7.0 Hz, 2H), 1.43 (t, J = 7.0 Hz, 3H); *C NMR (CDCl;, 125 MHz): § 175.9, 162.0,
161.3, 156.2, 141.2, 137.1, 136.7, 128.9, 109.5, 62.7, 14.1; LC-MS (ESI) m/z 252 [M'H]; HRMS
(EST) m/z caled for C;;H;oNO,S [MH] 252.0325, found 252.0323.

O

V)WCOZE'[

N~-o

Ethyl 3-(cyclopropanecarbonyl)isoxazole-5-carboxylate (3pa): Following the general
procedure as for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (290.0 mg, 1.2
mmol) in PhCN (1.0 mL) was added 1p (59.5 mg, 0.9 mmol) in PhCN (0.5 mL) by syringe pump
for 3 h. The reaction was stirred for another 2 h and afforded the desired product 3pa as pale
yellow oil (21.3 mg, 34%). IR (KBr, cm™): 3447, 2999, 1739, 1689, 1455, 1365, 1293, 1214, 952,
766; "H NMR (CDCls, 500 MHz): 6 7.22 (s, 1H), 4.43 (q, J = 7.0 Hz, 2H), 3.01-2.93 (m, 1H),
1.40 (t, J = 7.0 Hz, 3H), 1.33-1.27 (m, 2H), 1.18-1.12 (m, 2H); *C NMR (CDCls, 125 MHz): ¢
193.4, 162.4, 161.6, 156.3, 107.5, 62.6, 18.7, 14.1, 13.1; LC-MS (ESI) m/z 210 [M'H]; HRMS
(DART) m/z calcd for C1oH;,NO4 [M+H] 210.0761, found 210.0758.

O
HO

| N—CO,Et
N-o
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Ethyl 3-(1-hydroxycyclohexanecarbonyl)-isoxazole-5-carboxylate (3ga): Following the
general procedure as for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NO3),-3H,0 (145.0 mg,
0.6 mmol) in PhCN (1.0 mL) was added 1q (55.9 mg, 0.45 mmol) in PhCN (0.5 mL) by syringe
pump for 2 h. The reaction was stirred for another 22 h and afforded the desired product 3qa as
pale yellow oil (34.2 mg, 43%). IR (KBr, cm™): 3386, 2932, 2856, 1660, 1450, 1257, 1201, 1066,
966, 895, 730, 685, 631; 'H NMR (CDCls, 500 MHz): 6 7.32 (s, 1H), 4.45 (q, J = 7.0 Hz, 2H),
3.56 (br, 1H), 2.18-2.07 (m, 2H), 1.86-1.58 (m, 7H), 1.41 (t, J = 7.0 Hz, 3H), 1.38-1.31 (m, 1H);
C NMR (CDCls, 125 MHz): § 196.7, 161.2, 159.7, 156.0, 109.7, 79.1, 62.7, 34.0, 25.1, 21.0,
14.1; LC-MS (ESI) m/z 268 [M H]; HRMS (DART) m/z calcd for C;3H;sNOs [MH] 268.1179,
found 268.1179.

O

HO
| N—CO,Et

N-O

Ethyl 3-(2-hydroxy-2-methylpropanoyl)isoxazole-5-carboxylate (3ra): Following the general
procedure as for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6
mmol), BuCN (132 pL, 1.2 mmol) in PhCN (1.0 mL) was added 1r (37.9 mg, 0.45 mmol) in
PhCN (0.5 mL) by syringe pump for 2 h. The reaction was stirred for another 2 h and afforded the
desired product 3ra as pale yellow oil (20.1 mg, 29%). IR (KBr, cm'l): 3514, 3137, 2986, 2938,
2294, 1743, 1702, 1586, 1460, 1369, 1295, 1194, 1018, 924, 852, 769, 616; 'H NMR (CDCls, 500
MHz): 6 7.33 (s, 1H), 4.43 (q, J = 7.0 Hz, 2H), 3.86 (br, 1H), 1.62 (s, 6H), 1.39 (t,J= 7.0 Hz, 3H);
C NMR (CDCls, 125 MHz): 6 196.6, 161.3, 159.2, 156.0, 109.5, 62.8, 30.2, 26.9, 14.1; LC-MS
(ESI) m/z 228 [M'H]; HRMS (DART) m/z caled for C;oH,NOs [M'H] 228.0866, found
228.0864.

@)

O-N

N
Eto,c—4 | | ) COaE

N-o

O

(E)-diethyl 3,3'-terephaloylbis(isoxazole-5-carboxylate) (3sa): Following the general procedure
as for 3aa, to the mixture of 2a (31 pL, 0.3 mmol), Cu(NOs3),-3H,0 (290.0 mg, 1.2 mmol) in
PhCN (1.0 mL) was added 1s (113.6 mg, 0.9 mmol) in PhCN (0.5 mL) by syringe pump for 2 h.
The reaction continued stirred for another 0.5 h and afforded the desired product 3sa as a white
solid (49.9 mg, 81%). M.p. 129-131 °C; IR (KBr, cm™'): 3139, 1738, 1667, 1290, 1247, 1015, 879,
741; "H NMR (CDCls, 500 MHz): J 8.46 (s, 4H), 7.47 (s, 2H), 4.49 (q, J = 7.0 Hz, 4H), 1.45 (t,J =
7.0 Hz, 6H); >C NMR (CDCl;, 125 MHz): 8 184.0, 161.9, 161.5, 156.1, 139.0, 130.8, 110.0, 62.8,
14.1; LC-MS (ESI) m/z 430 [M'NH4]; HRMS (DART) m/z caled for CaH;7N,Og [M'NH,]
430.1245, found 430.1234.

3. Synthetic Applications

0]

Z=

-0 Cl
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(5-(Chloromethyl)-isoxazol-3-yl)(phenyl)methanone (3at):'” Gram-scale synthesis of 3at.
Following the general procedure as for 3aa, to the mixture of 2t (I g, 13.4 mmol),
Cu(NO3),-3H,0 (6.47 g, 26.8 mmol) in PhCN (20.0 mL) was added la (2.04 g, 20 mmol) in
PhCN (6.0 mL) by syringe pump for 3 h. The reaction was stirred for another 0.5 h and afforded
the desired product 3at at 55 °C as a pale yellow solid (1.95 g, 66%). M.p. 46-47 °C; IR (KBr,
em’™): 2924, 2857, 1666, 1457, 1375, 1218, 891, 729; 'H NMR (CDCl;, 500 MHz): ¢ 8.30 (d, J =
7.5 Hz, 2H), 7.66 (t, J = 7.5 Hz, 1H), 7.53 (t, J = 7.5 Hz, 2H), 6.86 (s, 1H), 4.70 (s, 2H); °C NMR
(CDCls, 125 MHz): 0 185.2, 168.4, 162.0, 135.5, 134.2, 130.7, 128.7, 104.7, 34.1; LC-MS (ESI)
m/z 224.0 (15) [M"H (’C1)], 222.0 (70) [M'H (**CI)].
O

\ \
MeO N-0
(5-Butylisoxazol-3-yl)(4-methoxyphenyl)methanone (3he): Following the general procedure as
for 3aa, to the mixture of 2e (113 pL, 1 mmol), Cu(NOs3),-3H,0 (483.3 mg, 2.0 mmol) in PhCN
(3.5 mL) was added 1h (198.3 mg, 1.5 mmol) in PhCN (1.0 mL) by syringe pump for 2 h. The
reaction was stirred for another 0.5 h and afforded the desired product 3he as yellow oil (109.8 mg,
42%). IR (KBr, cm™): 2948, 1654, 1598, 1452, 1257, 1171, 1027, 893, 844, 767, 617, 404; 'H
NMR (CDCl;, 500 MHz): 6 8.32 (d, J= 8.5 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 6.48 (s, 1H), 3.88 (s,
3H), 2.82 (t, J = 7.5 Hz, 2H), 1.78-1.67 (m, 2H), 1.48-1.37 (m, 2H), 0.95 (t, J = 7.5 Hz, 3H); °C
NMR (CDCls, 125 MHz): 6 184.4, 174.5, 164.3, 162.1, 133.2, 128.8, 113.8, 101.7, 55.6, 29.5,
26.3,22.2, 13.7; LC-MS (ESI) m/z: 260 [MH]; HRMS (DART) m/z calcd for C;sH;sNO; [M H]
260.1281, found 260.1286

O | N

N-0

4-Methoxylphenyl 5-butylisoxazole-3-carboxylate (4): To a solution of (5-butylisoxazol-3-yl)-
(4-methoxyphenyl)methanone 3he (82.0 mg, 0.32 mmol), pH = 7.5 phosphate buffer (0.6 mL) in
HFIP (1.5 mL) and DCM (1.5 mL) was added 3-chloroperoxybenzoic acid (394.4 mg, 1.6 mmol)
at room temperature. The reaction mixture was stirred at room temperature for 19 h. After
complete consumption of the material 3he (monitored by TLC), the reaction was quenched with
saturated aqueous solution of Na,;S,05; (16.0 mL), and washed with NaHCO; (36.0 mL). The
reaction mixture was extracted with DCM (3x10 mL) and the combined organic layer was dried
over anhydrous Na,SQO,. After filtration and evaporation, the residue was purified by flash column
chromatography on silica gel to afford compound 4 as yellow oil (72.8 mg, 88%). IR (KBr, cm™):
3333, 2945, 1742, 1508, 1457, 1209, 1028, 823, 728; '"H NMR (CDCls, 500 MHz): 6 7.15 (d, J =
9.5 Hz, 2H), 6.93 (d, J=9.0 Hz, 2H), 6.53 (s, 1H), 3.81 (s, 3H), 2.84 (t, J = 7.5 Hz, 2H), 1.78-1.69
(m, 2H), 1.47-1.38 (m, 2H), 0.96 (t, J = 7.5 Hz, 3H); >C NMR (CDCl, 125 MHz):  176.2, 159.1,
157.7, 155.9, 143.6, 122.2, 114.6, 101.8, 55.6, 29.4, 26.4, 22.1, 13.7; LC-MS (ESI) m/z: 276
[M'H]; HRMS (DART) m/z caled for C;sH;sNO4 [MH] 276.1230, found 276.1232.
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5-Butylisoxazole-3-carbohyrazide (5): To a solution of 4-methoxylphenyl-5-butyl-isoxazole-
3-carboxylate 4 (0.05 mmol, 13.8 mg) in EtOH (0.15 mL) was added hydrazine hydrate (6.3 mg,
0.1 mmol) at room temperature. The reaction mixture was stirred at room temperature for 3 h.
After complete consumption of compound 4 (monitored by TLC), the reaction was quenched with
brine (15.0 mL). The reaction mixture was extracted with EA (3x10.0 mL) and the combined
organic extracts were dried over Na,SO,. After filtration and evaporation, the residue was purified
by silica gel plate to afford 5-butylisoxazole-3-carbohyrazide 5 as a white solid (8.3 mg, 91%).
M.p. 30-31 °C; IR (KBr, cm™): 3289, 2955, 2867, 1677, 1589, 1541, 1455, 1246, 939, 846, 608;
'H NMR (CDCls, 500 MHz): 6 8.20 (br, 1H), 6.43 (s, 1H), 4.13 (br, 2H), 2.78 (t, J = 7.5 Hz, 2H),
1.71-1.65 (m, 2H), 1.41-1.36 (m, 2H), 0.93 (t, J = 7.5 Hz, 3H); *C NMR (CDCls, 125 MHz): §
175.6, 160.2, 157.2, 100.5, 29.4, 26.4, 22.1, 13.6; LC-MS (ESI) m/z: 184 [M'H]; HRMS (DART)
m/z calcd for CgH4N30, [M+H] 184.1081, found 184.1079.

4. X-ray Crystallographic Analysis for Compound 3ak

o o . ¥ %

Crystallographic data for compound 3ak: C;9H,N,O4, M = 332.31, Triclinic, P -1 (No. 2), a =
8.066 (8) A, b=18.242 (8) A, c =12.157 (13) A, 0. = 92.727 (13)°, B = 102.604 (12)°, y = 98.233
(11)°, V.= 778.0 (14) A3, Z =2, crystal size: 0.23 x 0.19 x 0.17 mm, T = 295 K, pearea= 1.419
g-em”, Ry = 0.0389 (I>40(I)), wR,= 0.1051 (all data), GOF = 1.053, reflections collected/unique:
2700 / 2122 (Rint = 0.0128), Data: 2700, restraints: 0, parameters: 227. CCDC 1486863 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.

5. Mechanistic Studies

o g, CUNO5)28H,0 (2.0 equiv) o j\/
Ph—==—H + =—CO,Et + NO
PhCN, 50 °C, Ny, 15 min Ph)WCOZEt Ph 2
1a 2a N-0 6a, 7%
3aa, 88%

To a test tube were added Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol), 1a (50 pL, 0.45 mmol), 2a (31
uL, 0.3 mmol) and PhCN (1.5 mL). The mixture was stirred under N, at 50 °C for 15 min and was
quenched by H,O. The aqueous phase was then extracted with EA (3%x10 mL) and the combined
organic phase was dried over anhydrous Na,SO,4. After filtration through a thin pad of celite, the

filtrate was evaporated in vacuum to give the crude product, which was purified by column
chromatography on silica gel to give 3aa (64.7 mg, 88%) and 6a (3.5 mg, 7%).
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0 Cu(NO3),-3H,0 (30 mol%)
M _No, + =—co,Et Ph™ NN\ —co,Et
Ph PhCN, 60 °C, N,
6a

N-o
2a overnight 3aa, 99%
To the mixture of 6a (74.3 mg, 0.45 mmol), Cu(NOs),-3H,0 (145.0 mg, 0.6 mmol) in PhCN (1.5
mL) was added 2a (31 pL, 0.3 mmol). The reaction was stirred at 60 °C overnight. Then the
mixture was cooled down to room temperature, and purified by column chromatography on silica
gel to give 3aa as a white solid (72.9 mg, 99%).

(e}
Cu(NO3),3H,0 (2.0 equiv.)
= e, 60°C, Ny, 1 P H—Ph
1a ' e N-o0
3aa’, 73%

To a test tube were added Cu(NOs3),-3H,0 (145.0 mg, 0.6 mmol), 1a (50 puL, 0.45 mmol) and
PhCN (1.5 mL). The mixture was stirred under N, at 60 °C for 1 h and was quenched by H,0. The
aqueous phase was then extracted with EA (3x10 mL) and the combined organic phase was dried
over anhydrous Na,SO,. After filtration through a thin pad of celite, the filtrate was evaporated in
vacuum to give the crude product, which was purified by column chromatography on silica gel to
give the product phenyl(5-phenylisoxazol-3-yl)methanone (54.6 mg, 73%).

Cu(NO3),-3H,0 (2.0 equiv.)
=—CO,Et No reaction
) PhCN, 60 °C, Ny, 1 h
a

To a test tube were added Cu(NOj3),-3H,0 (145.0 mg, 0.6 mmol), 2a (31 pL, 0.3 mmol) and PhCN
(1.5 mL). The mixture was stirred under N, at 60 °C for 1 h and no reaction occurred.
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9,50 usec

-0.50 dB
125.7703643 MHz

16.05 d8

16.50
500.1320005 MHz
32768
125.7577850 MHz
EM
L]
1.00 Hz

0
1.40
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7.542
7.526

7.511

|

—6.850

4.543

RS,

LYY-B
PROTON CDCL:

LYY-B
25

20150320

21.46

spect

5 mm PATXO 19F
PULPROG zg30
T 65536
chCLd
16

SOLVENT
NS

DS 2

10330.578 Hz

0.157632 Hz

3.1720407 sec
2

256
48.400 usec
6.00 usec
296.6 K
1.00000000 sec

00

snssssss CHANNEL {] ssssssss
1H

14.14 usec

.00 dB

500‘\33083.'3; MHZ

3278
500.1300129 MHz
EM

T T T T T T T T T T T T T T T T T T
85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm

LI

H

o o [Nl ™
— ™M o = WD -~ wy
v @ Voo s B ]
3 aa neaay 2 o
I N/ I
o]
TR
N=0 Br
3af
T T T T T T T T T
200 180 160 140 120 100 80 60 20 ppm
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0
1.00 Az
L]
1.00
LYYy-
C13CPD CDC13
HAME XB20150320
EXPHNO 26
PROCHO 1
Date. 20150320
Time 22.02
INSTRUM spact
PROBED 5 mm PATNO 19F
PULPROG zgpg30
T 6553
SOLVENT coCl3
NS 256
D3 4
SWH 30030.029 Hz
FIDRES 0.456222 Hz
AQ 1.0912410 sec
RG 161.3
oW 16.650 usec
£ 6.00 vsec
TE 297.9 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
™0 1
CHANNEL f£1
HUC1 13
Pl 9.50 usec
PLL =0.50 dB
SFO1 125.7703643 MHz
CHANNEL f£2
CPDPRGZ waltzlé
HuC2 1H
PCPDZ2 80.00 usec
PLZ 1.00 dB
PL1Z 16.05 dB
EL13 16.50 dB
5FO2 500.1320005 MHz
51 32768
SF 125.7577890 MHz
WO EM
558 [
s 1.00 Hz
6B 0
BC 1.40



E T O o0 T @ o
e N e -1 L] - LYY-2-166
B e e i o PROTON CDC13
LRl ol ol ol ol ol ol ol ol ol - wy - -
W WW NAME XB20150422
EXPNO 1
BROCHO 1
Date_ 20150422
Time 17.18
INSTRUM spect
BROBHD 5 nm PATXO L9F
BULPROG 2530
b 65536
SOLVENT CBC13
NS 16
0 os 2
s 10330.578 Hz
FIDRES 0.157632 Hz
AY 3.1720407 sec
\ N RG 128
oW 48.400 usec
N-g 0-Ph DE 6.00 usec
1E 296.4 K
o1 1.00000000 sec
3ag 00 1
mememmss CHANNEL fl sssssse=
NUCL iH
21 14.14 usec
BL1 1,00 d8
sFoL 500.1330885 Mz
51 32768
5P 500.1300126 Maz
WOW A
558 0
LB 1.00 Hz
Ge 0
2C 1.00
J M 1 1
T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm
8 [auses 8
o ™ o L I - T = B - T I
- o 00 WD WHAWeWwom M g
wy W o W o g @ .
W Lot Mo B I o I o I B I =) —
- - e o LYY-2-166
| [V S\\NA/7 C13CPD CDC13
HAM] XB20150422
EXFND 16
PROCHO 1
Date_ 20150422
0 ime 17.28
INSTRUM spect
BROBHD 5 mm PATXO 19F
PULPROG 29pg30
= 65536
\l SOLVENT €DC13
N-g 0-Ph NS 128
s 4
SHH 30030.029 Hz
3ag FIDRES 0.458222 Hz
ag 1.0912410 see
RG 114
oW 16.650 uses
DE 6.00 uses
1E 297.2 K
o1 2.00000000 sec
a1 0.03000000 sec
DELTA 1.89999998 sec
00 1
CHANNEL £1
KUCL 13¢
1 9.50 uses
BL1 -0.50
SFOL 125.7703643 MHz
CHANNEL £2
CPOPRGZ waltzl6
NUC2 18
eceo2 £0.00 usec
PL2 1.00 d8
PL12 16.05 d&
BL13 16.50 d8
5FO2 500.1320005 MHz
s1 32768
5P 1257577890 Mz
WhW EM
558 L
LB 1.00 Hz
GB 0
eC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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MEAMAMOAE NN TATE A RET AT O
NRERELCEIARRISESARANAR B Lyy-2-2
PROTON CDC13
B e e e e N
W | NAME ¥B20150422
EXPNO 17
PROCKO 1
Date_ 20150422
Time 17.34
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 230
0 65536
SOLVENT CcOC13
NS 16
DS z
SHH 10330.578
FIDRES 0.157632
A 3.1720407
RG 203.2
oW 48.400
DE 6.00
| R TE 296.0
D1 1.00000000
N-g o] ™0 1
£1 mmm
18
3ah PL1 1.00
sFOl 500.1330885
51 32768
SF 500.1300129
WhW 2
558 [
LB 1.00
GB o
e 1.00
T T T T T T T T T T T T T T T T T T T
90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 0.5 ppm
amisiEE R
B P e e P =1 = o
- MO ORONMD N Moo
- (o= I s I =l B B =R U B i+ U B B B g
uwy AN W Oonomr WO mor g .
o [T I W o o W S U I R N e R ) —
- e e e e e e e ) LYY-3-2
| \\MW Cl3CPD CDCl3
HAME XB20150422
EXPHO ig
PROCNO 1
Date, 20150422
Time 17.43
INSTRUM spect
[o} FROBHD & mm PATXO 19F
PULPROG 2gpg30
65536
SOLVENT coci3
t \ N3 128
oS 4
N-g o] SWH 30030,029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 sec
3 h RG 181
al oW 16,650 usec
CE 6.00 usec
TE 297.8 K
Dl 2.00000000 sec
a1l 0.03000000 sec
DELTA 1.89999996 sec
TDO 1
msssssss CHANNEL fl =sssss=e
HUCL C
F1 9.50 usec
PL1 9.50 dB
SFO1 125.7703643 Mz
msssssss CHANNEL f2 =ssssass
CPDPRG2 wa
HUC2
FCED2
PL2
PL1Z
BL13 16.50 dB
SFOZ 500.1320005 MHz
sI 3276
SF 125.7577890 MHz
" " WOW EM
4 gl rpia Sem———— o
LB 1.00 Hz
GB 11
BC 1.40
T T T T T T T T T T
200 180 160 140 120 100 &0 40 20 0 ppm
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dB
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W e e o - -
4RgEause £ 3 % Lvos s
R e . . PROT C
0000~~~ o - o ROTON BCL13
V N W | HAME XB201507220
EXPHO 12
PROCKO 1
Date_ 20150722
Time 17.40
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULEROG 2930
65536
SOLVENT CDC13
NS 16
DS z
o} shH 10330.578 Mz
FIDRES 0.157632 Mz
A 3.1720407 sec
N RG 181
\ D 48,400 usec
- DE 6.00 usec
N (o] OH TE 296.3 ¥
D1 1.00000000 sec
3ai ™00 1
mm CHANNEL f]l ssssssms
18
14.14 usec
PLL 1.00 dB
SFOL 500.1330885 MHz
51 32768
SF 500.1300129 MHz
WOW EM
558 o
Le 1.00 Hz
GB o
BC 1.00
i J A A i, 1L
T T T T T T T T T
8 6 4 3 2 1 ppm
L s
- o ™ Dl B -~
o ~” -~ RS =) o :
w o =L o . . .
- - e R R = w C13CPD CDC13
HAME XB201507220
EXPHO 13
PROCHOD 1
Date, 20150722
o} Time 7.48
INSTRUM spact
PROBHD S mm PATXO 19F
N PULPROG zgpgdl
| ™ £ss3e
- SOLVENT cocl
N (o} OH HS 128
oS 4
H 30030,029 Hz
3a| FIDRES 0,458222 Hz
AQ 1.0912410 sec
RG 322.%
oW 16,650 usec
DE 6.00 usec
TE 297.4 K
o1 2.00000000 sec
a1l 0.03000000 sec
DELTA L.B99599998 sec
0O 1
CHANNEL £1
HUC1 13C
Pl 9.50 usec
PL1 0.50 dB
SFOL 125.7703643 MRz
CHANNEL £2
CPDPRGZ waltzlf
HUCZ 11
PCEDZ BO.0D usec
PLZ 1.00 dB
PL1Z 16.05 dB
PL13 16.50 dB
SFO2 500.1320005 Mz
S1 32768
SF 125.7577890 MHz
l WOW EM
" " S5B [
" LB 1.00 Hz
GB o
P 1.40

T T T T
180 160 140 120 20 0 ppm
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PEIBSRSS2822RS s aE & LYY-3-134CH
b A S e e L e . PROTON CDC13
B L a s A o - o
W;’{// | W HAME XBZO150B17
EXPNO 29
PROCNO 1
Date_ 20150817
Time 16.56
INSTRUM spect
PRCBHD 5 mm PATXD L9F
PULPRO 2g30
65536
SOLVENT CDC13
NS 16
DS z
SHH 10330.578 Hx
FIDRES 0.157632 Hz
le] M0 3.1720407 see
G 101.6
oW 48.400 usec
N DE 6.00 usec
\ TE 296.1 K
D1 1.00000000 see
N-p NHTs 0 1
H =mmmmmms CHANNEL f] s==s=mss
3aj NUCL 18
Pl 14.14 usec
PLL 1.00 dB
sFoL 500.1330B85 MHz
51 32768
SF 500.1300129 MHz
WhW EM
ssB 0
L 1.00 Hz
6B 0
BC 1.00
Jl A " 1
T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

sEsss @ 8

8

H

o @ O O -~
~” woow Ll e S e e ] -~ S 3
@ &0 TRamaaca o @ :
- ~
et S5 ANooaaad = B ~ LY¥Y-3-134CH
| | \\‘\ V/ | | | C1l3CPD CDC13
HAME KB20150817
EXPRO 30
PROCNO 1
o]} Date,_. 20150817
Tine 17.04
INSTRUM spect
R PROBHD 5 mm PATXO 19F
| PULPROG z3pg30
- ™ 55
N 0 NHTS SOLVENT coCll
- S 128
3aJ -1 4
SHH 30030.029 B
FIDRES Hz
AQ sec
RG
oW usec
DE . usec
TE 296.7 K
ol 2.00000000 sec
dl1 0.03000000 sec
DELTA 1.99999993 sec
Do 1
= CHANNEL f1 =
13¢
Pl 9,50 usec
PL1 -0.5%0 dB
SFO1 125.7703643 MHz
6.5
500.1320005
3276
125.7577890 MHz
| no
. -y Ll
0.00 Hz
0
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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T T T T T T T T T T T
50 45 4.0 35 3.0 25 20 1.5 1.0 05 ppm

225
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T
200 180 160 140 120
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100 80 60
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LYY-149CH
PROTON CDC13

HAME XB20150324
EXENO 4
PROCHC 1
Date_ 20150324
Time 10.06
INSTRUM spece
PROBHD 5 mm PATXO 15F
FULFROG zg30

k-] 65536
SOLVENT €DcLl

NS 16

oS 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 228.1

oW 4B.400 usec
DE 6.00 usec
TE 296.5 K
ol 1.00000000 sec
™0 1

= CHANHEL £1

14 usec

L0 al

S00.1330885 »
32768

500.1300129 MHz

no

0
0.00 Hz
0

1.00

LYY-143CH
C13CPD CDCl

XB20150324
5

1
20150324
10.14

L spect
PROBHD 5 mm PATHO 197
zgpg30
65536

1 .II)9;24
287

650 use:
6.00
297.8 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
1

===ssess CHANMWEL f1 ===s====
HUCL
Pl

13

5.50 usec
PL1 -0.50 dB
SFOL 1257703643 MAz

== CHANHEL 2 se=sss=s
CPDPRG2 waltzlh
2 18
80.00 usec
1.00 dB
16.05 dB
16.50 dB
500.1320005 MHz
32768

125.7577890 MHz



3.062

T T T T T T T
85 B0 75 70 65 60 55 50 45 4.0 35 3.0

-

[

174.42
161.
139.14
102.79
69,41

LYY-3-72CH
PROTON CDC13

HAME XB20150722Q
EXPHO 16
PROCNO 1
Date_ 20150722

Time 18.04
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2g30

et 65536
SOLVENT CDC13

NS B

D3 2

SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 181

DW 48,400 usec
DE 6.00 usec
TE 296.7 K

D1 1.00000000 sec
™0 1
mmmmmmmn CHANNEL fl sssms==s
NUCL 18

Pl 14.14 usec
PL1 1.00 dB
SFOL 500.1330885 MHz
s1 32768

SF 500.1300129 MHz
WOW EM

558 [

LB 1.00 Hz
GB ]

PC 1.00
LYY-3-72CH

C13CPD CDC13

HAME XB201507230
EXPHO 17
ROCHO 1
Date_ 20150722
i 18.12
INSTRUM spect
PROBHD 5 mm PATXO 19F
ULPROG gpgdl
™ 65536
SOLVENT CpCl3
NS 128
4
30030.029 He
FIDRES 0.458222 Hz
1.0912410 sec
22.5
16.650 usec
6.00 uses
297.4 K

2.00000000 sec
11 0.03000000 sec
DELTA 1.89999998 sec

1

wawmmmns CHAMNEL fl mewmw=es
13C

NUCL
o

-0.50
SFOL 125.7703643 MHz

9.50 usec
dB

CPDPRGZ

CHANNEL £2
walt

PCPD2 B0.00 usec
1.00 dB

PL12 16.05 dB
16.50 dB

SFO2 500.1320005 MHz
3276

125.75T7E90 MHz
EM
0
1.00 Hz
0

1.40



=8 IRNZEZ g8 @ = LYY-3-31CH
b St . - - PROTON CDC13
L A o o -
v \IW | HAME ¥B20150721
EXPNO 15
PROCKO 1
Date_ 20150721
Time 17.17
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPRON 2930
65536
SOLVENT CDC13
NS 16
DS z
SWH 10330.578 Hz
FIDRES 0.157632 Mz
A 3.1720407 sec
RG 114
0 oW 48,400 usec
DE 6.00 usec
OH TE 295.E K
D1 1.00000000 sec
| S 00 1
N-g mmmmmmmn CHANNEL £l msmmmm==
HucL 1
Bl 14.14 usec
BLL 1.00 dB
3am SFOL 500.1330885 MHz
51 32768
SF 500.1300129 MHz
WOW EM
558 [
LB 1.00 Mz
GB o
BC 1.00
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 3.0 25 20 15 1.0 05 ppm
3 & 8 -
o m o = [
o oo w W WD L} ~” g
. . . e e . -
] - N T om =} . . LYY=3=31CH
o~ w 1 0 0 e (=3 o o
- - - - -] ™ C13CPD CDC13
E ¥B20150721
EXENG 17
FROCHO 1
Date_ 20150721
ime 17.28
INSTRUM spect
(o] PROBHD 5 mm PATXO 19F
FULPRO 2gpg3
OH D 65536
Ny SOLVENT CDCL3
| NS 128
D5 4
N"O 5 30030.029 Hz
FIDRES 0.458222 Hz
A 1.0912410 sec
3am BG 256
oW 16.650 usec
DE 6.00 usec
TE 2971 K
o1 2.00000000 sec
411 0.03000000 sec
DELTA 1.B9999998 sec
00 1
=emmmmms CHANNEL f]l sssssss=
Hucl 13¢
Pl 9.50 usec
FL1 -0.50 dB
sFOL 125.7703643 MHz
memmmsss CHANNEL {2 sssssss=
CPOPRG2 waltzlé
Huc2 i
PCRD2 80.00 usec
PL2 1.00 dB
PL1Z 16.05 dB
PL13 LE.50 dB
SFOZ 500,1320005 MHz
S1 32768
SF 1257577890 MHz
WOW EM
538 o
LB 1.00 Hz
- GB
PC 1.40
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 0 ppm
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HO
N-g
3an

P LYY-3-50-CH

e PROTON CDCL3
NAME XB20150B24
EXPNO 5
PROCNO 1
Date_ 20150824
Time 10.58
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 90.
oW 48.400 usec
DE 6.00 usec
TE 295.4 K
D1 1.00000000 sec
00 1
mememmss CHANNEL fl sssssse=
NUCL iH
Pl 14.14 usec
PL1 1.00 dB
SFOL 500.1330885 MHz
51 32768
SF 500.1300129 MHz
WOW A
558 0
LB 0.50 Hz
GB 0
PC 1.00

T T T T T T T T T T T

8 7 4 3 2 1 =1
§EY R e ReREe
a8 2 25563 @ m ® e
L \ [/ [V ]
o]
HO
N
N-g
3an
i _ |
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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ppm
LYY-3-50-CH
C13CPD CDCL3
HAME XB20150824
EXENO 18
FROCHO 1
Date, 20150824
Time 17.33
INSTRUM spect
PROBHD & nm BATXO 19F
PULPROG zgpgdl
™ 65536
SOLVENT coelld
HS 128
o3 4
30030.029 Hz
0.458222 Hz
1.0912410 sec
128
16.650 usec
6.00 usec
96.7 K
2.00000000 sec
0.03000000 sec
L.E9995998 sec
1
CHANNEL f1
HUC1 13cC
Fl 9.50 usec
PL1 -0.50 dB
SFOL 125.7703643 MHz
CHANNEL f2
CPDPRG2 waltzlé
HuCz 1R
PCPD2 B0.00 usec
PL2 1.00 dB
PL1Z 16.05 dB
PL13 16.50 dB
SFO2 500.1320005 MHz
8I 3276
SF 125.7577690 MHz
WoW EM
558 o
LB 2.00 Hz
GB o
BC 1.00



N TonMmoN o ] LYY-TMS
SR ASmman R 3
na BISRAR S B PROTON CDC13
Lol ol ol ol (=]
v N W | HAME XB20151119
EXPNO e
PROCHO 1
Date_ 20151119
Time 15.08
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2530
™ 65536
SOLVENT cDC13
NS 16
DS z
sWH 10330.578 Hz
FIDRES 0.157632 Mz
o} AQ 3.1720407 see
BG 287.4
oW 48.400 usec
oE 6.00 usec
\ N—TMS TE 29d.6
- o1 1.00000000 sec
N-g ™0 1
£1 mmmmm——=
3a0
14.14 usec
PLL 1.00 dB
sFOL 500.1330885 MHz
51 32768
sF 500.1300129 Mz
WhW EM
558 o
LB 1.00 8z
G 0
eC 1.00
l il | l | A
T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
)
|0 - o
™M m - o~ -~
Mo~ o~ i Oh WD - g
W o MO ~” -
o~ w Lt R RN — —
- - 1 Pl e S | LYY-TMS
| | | |/ | C13CED CDC13
HAME ¥B20151119
EXPNO 15
PROCHO 1
Date_ 20151120
Time ERT
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2gpq30
(8] ™ 65536
SOLVENT €DC13
NS 512
s 4
| N —TMS E 30030.029 Hz
N FIDRES 0.458222 Hz
o] AQ 1.0912410 sec
RG 181
oW 16.650 usee
3a0 DE 6.00 usec
1E 296.8 K
ol 2.00000000 sec
dall 0.03000000 sec
DELTA 1.39999998 sec
™o 1
mmmmmm== CHANWNEL £l m=m=====
RUCL 13¢
el 2.50 usec
BL1 -0.50 d8
sFOL 125.7703643 Mtz
———————— CHANNEL £2 m===m===
CPOPRGZ waltzl6
NUC2 1H
eceo2 80.00 usec
PL2 1.00 d8
BL12 16.05 d8
BL13 16.50 d8
sFa2 500.1320005 Mtz
s1 32763
|| | | N 5F 125. 7577890 MHz
WOW EM
558 Q
e 1.00 Hz
6B q
3 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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8.085
B.070
7.64

7.630
7.616
7.513
7.497
7.482

5

s
Va
A\

—0.464
—0.269

LYY-51-1CH
PROTON CDC13

NAME XB20150527
EXPNO 8
PROCNO 1
Date_ 20150527
Time 16.35
INSTRUM spect
PROBHD 5 mm PATXO L9F
PULPRO 2930
65536
SOLVENT CcDC13
NS 16
DS 2
sWH 10330.578 Mz
FIDRES 0.157632 Mz
AY 3.1720407 sec
RG 203.2
s} ™S DR 48,400 usec
DE 6.00 usec
N TE 296.0 K
D1 1.00000000 sec
Nll ™S 0 1
O mewnmmas CHANNEL fl ssssssew
NUCL 11
3a Bl 14.14 usec
p PLL 1.00
5FOL 500.1330885 M
51 32768
P 500.1300129 MHz
WhW E)
558 0
e 1.00 ¥z
ce 0
B 1.00
.y . L
T T T T T T T T
9 8 7 6 5 4 3 ppm
=l |=la ala
[y o e
L= 0 o WO oun un o
= i [t o
o o o G e o
o a0 w N N I [E=]
aa 1 PR o1
I MZ \ I
C13CED CDC13
NAME XB20150527
EXFNO 10
PROCNO 1
Date_ 20150527
Time 16.52
INSTRU spect
PROBHD 5 mm PATXO 19F
PULPR 2gpg30
o ™o 65536
SOLVENT cocl3
TMS N3 256
D3 H
SWH 30030.029 Hz
| BH—-TMS FIDRES 0358222 iz
N"‘O 1. 1241 sec
usec
3ap usec
sec
sec
sec
usec
-0.50 d&
sFo1 125.7703643 MHz
mememess CHANNEL £2 sescsses
CPDPRGZ waltzlé
NUC2 1H
PCED2 80.00 usec
pL2 1200 dB
PL1Z 16.05 da
PL13 16,50 da
P02 500.1320005 MHz
. Ly J _ ,
Moo s sF 125.7577890 Mz
WhW EM
ss8 ]
LB 1.00 Hz
cB 0
T T T T T T T T T T T eC 1-40
200 180 160 140 120 100 80 60 40 20 0 ppm
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COOMe
T %—COOMe
-0

3aq

—4.034
—3.903
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LYY-151CH
PROTON CDC13

HAME XBZ0150323
EXPHO 15
PROCNO 1
Date_ 20150323
Time 13.53
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zg30
™ 65536
SOLVENT CDC13
HS 16
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
3.1720407 sec
RG 287.4
DK 48.400 usec
DE 6.00 usec
TE 206.4 K
D1 1.00000000 sec
™0 1

mmmmmmmm CHANNEL f1

HUCL 18

Pl 14.14 usec
PL1 1.00 dB
SFOL 500.1330885 MHz
51 2T6E

SF 500.1300126 MHz
WOW EM
558 ']

LB 1.00

GB o

FC 1.00

T T T T T T T T T T T T T T T T T T
90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm

o (€8

o =Rl MO pg U D
-~ [ R = ) o a0 i WO ~
. Y ERECE . oo
w L. I
® Ehhn Aema o o LYY-151CH
i e R e I I I uy C13CPD CDCL3
XB20150323
17
1
20150323
14.03
spect
5 mm PATNO 19F
=gpg30
65536
CDC13
o] COOMe 128
4
R 30030.029
0.458222
H' COOME 1.0912410 sec
N-p 114
16.650 usec
6.00 usec
3aq 297.7 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
1
=emsssss CHANNEL fl sess=s. ==
HUCL 13C
el 9.50 usec
PLL -0.50 dB
SFOL 125.7703643 MHz
mmmmmmme CHANNEL £2 m==m=me-
CEDPRG2 waltzl6
HUCZ 18
PCPD2 80.00 vsec
PL2 1.00 dB
PL1Z 16.0% dB
PL13 16.50 ¢B
SFO2 500.1320005 MHz
51 327
SF 125.75778590 MHz
WOW >
558 [
Le 1.00 Hz
GB ]
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 &0 40 20 Ppm
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NONSSNRSHEERS 2 @ ¥Y-3-132CH
R i N i PROTON CDC13
el L o
\W W / NAME ¥B20150824
EXPNO 4
PROCKO 1
Date_ 20150824
Time 10.50
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 230
65536
SOLVENT CDC13
o] 8] NS 16
= N = DS z
| p; SHH 10330.578 Mz
FIDRES 0.157632 Mz
N-O Ts O-n A 3.1720407 sec
RG 143.7
oW 48.400 usec
DE 6.00 usec
3ar TE 295.4 K
D1 1.00000000 sec
00 1
£l mmmmm——
18
14.14 usec
PL1 1.00 dB
sFOl 500.1330885 MHz
51 32768
SF 500.1300129 MHz
WOW )
558 [
e 1.00 Hz
GB o
e 1.00
\ I l . I
T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
Ll o=l Ll | Ll
-~ o~ el R - ] Ll
L=3 oo mOTNOOOMm [-3 : ;
uy et =0 OO = . .
o oo ol R R R s ] = o~ - T
— HH A Ao — - o4 LYY-3-132-CH
| NN | | €13CPD CDC13
XB20150824
19
[e) e} 20150824
=N N = 17.45
N ! # S mm PATXS LOF
5 mn
nN-O Ts O-y zapg30
65536
=]
S 128
3ar :
SHH 30030.029 Hz
FIDRES 0,458222 Hz
AQ 1.0912410 sec
BG 128
oW 16.650
DE 6.00
TE 297.0
ol 2.,00000000
dit 0.03000000 :
DELTA 1.83959958 s
00 1
messssss CHANNEL f] sssssses
HUCL 113
3 9.50 usec
PL1 -0.5%0 dB8
5701 703643 MRz
usec
de
dB
dg
MHz
MHz
Hz
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S36



3

8.2

7.637
T.649

-
@
n
i

LYY-94
PROTON CDC1:

HAME XB20151218
EXPNO 10
PROCHO 1
Date_ 20151218
Time 10.27
IHSTRUM
PROBHD 5 mm PATXO 19F
PULPROG 2930
D 65536
o] SOLVENT €Dc13
N ] 16
' y) [+ 2
Ts O‘N SWH 10330.578 Hz
FIDRES ©0.157632 Hz
AQ 3.1720407 sec
RG 203.2
3aS oW 48.400 usec
CE £.00 usec
TE 94.0
Dl 1.00000000 sec
0O 1
=ssssss=s CHANNEL £l =s=ss=s=s
KUCL 1H
Pl 14.14 usee
BL1 1.00 dB
SFOL 500.1330885 MHz
I 32768
sF 500.1300129 MHz
WOW EM
558 0
LB 1.00 Hz
G 0
BC 1.00
. Lﬂ ,
T T T T T T T T T T T
10 9 8 7 1] 5 3 2 1 ppm
s3getEy B L e
- - L= -
Erﬁ ol il el -S- § - ol
TTOOMMAOODMOR AR AN
Lt B B = = U TR e e e s R T B o e ] ~” w0 -+
T o o uy
L e R i bR L L LA . Lo -
L R R R R R R R R R R RE R R R R Y o oo —
e e L L L L L ] o o o o LYY-94
VoOSSRTEE| =" | | ]| | C13CED CDC13
NAME XB2015121%
EXPNO 2
PROCNO 1
Date_ 20151219
Tine 18.50
INSTRUM 5
PROBHD % mm PATXO 19F
PULPROG zgpg 30
kil 65516
0 0 SOLVENT CoCL3
NS 2200
== N oS 4
f SHH 30030.029 Hz
FIDRES 0.458222 Hz
N-O Ts O-N AQ 1.0912410 see
BG 181
] 16.650 usec
CE €.00 usec
3aS TE 296.7 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89559598 sec
OO 1
memssces CHANNEL f1 =s=ssass
wuCl 13
Pl 9.50 usec
PL1 =-0.50 d8
5701 125.7703643 Mz
mmamames CHANI {2 messsss=
CPDERG2 waltzlf
wuC2 18
BEPD2 B0.00 usec
BLZ 1.00 d2
PL12 16.05 da
PL13 16.50 dB
sFO2 500.1320005 Mz
sI 32768
sF 125.7577690 Mz
l WO EM
33B 0
LB 1.00 Bz
GB 0
BC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 &0 40 20 0 ppm

S37



4.468
4.454
4,440
4.426
—3.762

OMe O

T “%)—CO,Et

3ba

I )

T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
3

goges R OB

- o O @ SO O
- oo o e =0 oo
w o) 00D TOoOWOo oo
o D WD N MMAN O
- i R I

£
=
S

-1
!
—1
—_—

—62.57
—55.82

OMe O
I N—CO,Et
-0
3ba
e -
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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LYY-3-25CH
PROTON CDC13

HAME XBZ20150721

EXPNO 3

PROCNO 1

Date_ 20150721

Time 9.29

INSTRUM spect

PROBHD 5 mm PATXO 19F

PULPROG zg30
65536

SOLVENT CDC13

L] 16

Ds 2

SWH 10330.578 Hz

FIDRES 0.157632 Hz

AQ 3.1720407 sec

RG 128

D 48,400 usec

DE 6.00 usec

TE 296.4 K

D1 1.00000000 sec

00 1

mmmmmmmm CHANNEL f1 smmm=m=s

HUCL 1H

Pl 14.14 usec

PL1 1.00 4B

SFOL 500.1330885 MHz

51 32768

SF $00.1300129 MHz

WOW EM

558 0

Le 0.30 Hz

GB o

BC 1.00

LYY-3-25CH

C13CPD CDCl3

HAME XB20150721
EXENO 11
EROCHD 1
Date, 20150721

ine 11.46
INSTRUM spect
BROBHD 5 mm BATNO 19F
BULPROG zgpg30
kel 36
SOLVENT ©ocLl
HS 172
Bg 4
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 sec
RG 203.2
oW 16.650 usec
DE 6.00 usec
1E 297.2 K
ol 2,00000000 sec
dli 0.02000000 sec
DELTA 1.89959998 sec
TO0 1
———————— CHANMEL f] sssssss=
Kuc1
Fl 9.50 usec
PL1 -0.50 dB
5701 125, 7703643 Mz

16,51
500.1320005 MHz
32768

SF 125.7577890 MHz
EM

9
LB 1.00 Hz
9

PC 1.40



5

a8 LYY-3-63CH
T PROTON CDC13
V W HAME XB20150722Q
EXBNO 14
PROCHO 1
Date_ 20150722
Time 17.53
INSTRUM spact
PROBHD 5 mm PATXO 19F
PULPROG 2530
™ 65536
SOLVENT cDe13
NS &
DS 2
cl o shH 10330.578 Hx
FIDRES 0.157632 Hz
AR 3.1720407 ses
N COzEt RG 181
1 DH 48.400 usec
- oE 6.00 usec
N-o TE 296.2 K
o1 1.00000000 sec
00 1
3Ca mmmmmmmn CHANNEL £l swmswmes
NUCL 18
3 14.14 usec
PL1 1.00 a8
sFOL 500.1330885 Mz
51 32768
sF 500.1300129 Maz
WhW EM
558 0
LB 1.00 Hz
G 0
eC 1.00

] " U L

T T T T T T T T T T T T T T T T T T
85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 10 05 ppm

8eR g 8

- e DN
o A -] OO W o - —
' VRS SRERRNS N - -
uwy ™ D0 WO oW @ - h
P Mo HAHA- o r
LYY-3-63CH
[ \f f \\‘\M/ | C13CED CDC13
NAME XB201507220
EXPNO 15
PROCHO 1
Date_ 20150722
Tine 18.01
INSTRUM
Cl (8] FROBHD
PULPROG
D
SOQLVENT
T N—CO,Et .
ps 4
N"O SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0812410 see
3ca RG 322.5
o 16,650 usec
DE 6.00 usec
TE 297.6 K
=1 2,00000000 sec
dil 0.03000000 sec
DELTA 1.89999598 sec
DO 1
CHANNEL fl ssscsses
13¢
9.50 usec

-0.50 d8
125.7703643 Mz

= CHANNEL f2

wa

16,50
500.132000% MHz
8

51 3276
1 1257577890 Mz
L EM

0
1.00 Hz
0

1.40

T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20

S39



B.09%
E.D84
B.064
7.479
T.463

425

5

LYY-2-164CH
PROTON CDC13

T.410
7.402
7.39
4.487
473
4.458
4.444
1.430
1.416

.96
.91
.98

wh -
L) -
pe T
- - o -
\V \W \\V ] W HAME XBZ0150721
EXPHNO 1
PROCNO 1
Date_ 20150721
ime 9.17
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 230
D 65536
SOLVENT COC13
HS 16
DS z
SHH 10330.578 Hz
0 FIDRES 0.157632 Hz
M0 3.1720407 see
BG 128
\ oW 48.400 usec
| COJEt DE 6.00 usec
N TE 296.0 K
=0 D1l 1.00000000 sec
™0 1
3da mmmmmmmn CHANNEL £l swmswmes
Nuel 18
1 14.14 usec
BL1 1.00 dB
sFOL 500.1330885 MHz
51 32768
SF 500.1300129 MHz
WhW EM
558 o
LB 1.00 Hz
GB o
BC 1.00
| N I, Y i
T T T T T T T T T 1
8 7 6 5 4 3 2 1 0 ppm

.89

83 &9

0.
0.
1
1.99-

o O T e e 0 e D o
-~ O WNMNO W o (=] o wom
. . DR . Rt} M e
@ SN Mmmmaa o e o
P e I3 4o LYY-2-164CH
| \IIJ‘,‘ ‘\'\1 ;//' | I | CL3CPD CDC13
HAME XB20150721
EXPHO 5
PROCND 1
Date_ 20150721
Time 9.45
INSTRUM spect
0 PROBHD 5 mm PATXD 19F
PULPF zgpg 30
™ 65536
SOLVENT CDC13
| B—CO,Et s 157
N-g SHH 30030.029
FIDRES 0.458222
AQ 1.0912410 sec
BG 114
3da [ 16.650 usec
CE 6.00 usec
TE 297.5 K
ol 2.00000000 sec
dil 0.02000000 sec
DELTA 1.859599%8 sec
D0 1
memme CHANNEL fl sessssss
c1 13
9.50 usec
BL1 ~0.50 dB
5FO1 125.7703643 Mz
mmsmmmes CHANNEL £3 ===meees
CPOPRGZ waltzlé
WUC2 18
FCPD2 80.00 usec
BL2 1.00 dB
BL12 16.05 dB
BL13 16.50 dB
5F02 500.1320005 MHz
51 3276
SF 125.7577850 Mz
WO B
Tt et b o .
LE 1.00 Hz
GB [
PC 1.40

T T T T T
200 180 160 140 120 100

a4
4
&
8
o
]
3
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O D D O R e e =] o TR
U O e ChoD D D R RTIR I - ed e
(o == al 0 s s s ] o e T T ™ o oo
o a0 00 o0 - e o oo ™~ e e
~V/ N I\ Lyy-2-111
PROTCN CDC13
NAME XB20150120
EXFNO 101
PROCHO 1
Date_ 20150120
o Tim 15,19
INSTRUM spect
PROBRD 5 mm PATXO 19F
AcHN A PULPROG 2930
™ 65536
N\ COzEt SOLVENT €DC13
- NS 16
0 s 2
E 10330.578 Hz
3 FIDRES 0.157632 Hz
ea AQ 3.1720407 sec
RG 181
oW 4E.400 usee
DE 6.00 uses
TE 296.0 K
ol 1.00000000 sec
w0 1
CHANNEL £1 =
|
14.14 uses
1.00 d8
500.1330885 MHz
32768
500.1300126 MHz
ne
q
0.00 Hz
L N q
1.00
1 T I 1 L T I 1 1 T
9 8 7 6 5 4 3 2 1 0 ppm
00| o)1 = © (=}
S/8|8/8[a 5 s |8
~lnil—|+~lo o 2} T}
e LNl Oy D D WO
o Leol=e ] WY WD A D O L] - o~
. s P
L] ooy o D Oy O DU O . . .
@ ADAD MDA 0 O O O o = = LY¥=-2-111
- T S R L ek e et | o o C13CED CDCL3
XB20150120
102
1
20150120
15.28
INSTRUM
PROBHD
PULPROG
SOLVENT €ocl3
fo] S 123
DS 4
sHe 30030.029 Hz
Ad—lN \ FIDRES 0.4 222 Hz
| CO,Et a0 1,0812410 sec
RG 128
N-g oW
DE
TE
3ea oi
dil 0.02000000 sec

C
Pl 9.50 usec
PL1 -0.50 dB
5F01 125.7703643 MHz
CHANMEL £2
CPOPRG2 waltzlé
HUC2 H
B0.00 usec
1.00 dB
16.05 dB

16,50 dB
500.1320005 Miz
32ve

T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Ama LYY-2-107CH
R PROTON CDCL:

<

S42

NAME KB20150527
EXPNO 11
PROCNO 1
Date_ 20150527
ime 16.58
INSTRUM spect
PROBHD 5 mm PATXO 19F
0 PULPRCG zq30
™ 65536
E SOLVENT €0cl3
NS 16
CO4 bs H
Et SHH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG .2
Sfa i 4B.4D0 usec
DE 6.00 usec
TE 296.6 K
1 1.00000000 sec
100 1
mmmmmmmn CHANNEL £l swwwsmms
nuc1 1
el 14.14 usec
BLL 1.00 d2
SFOL 500.1330885 MHz
51 2768
SF 500.1300129 MHz
WOW no
558 ]
1B 0.00 Hz
68 [
PC 1.00
T T T T T T T T T T T
1 10 8 7 6 5 4 3 2 1 ppm
gagey 8
B i o o
o ol O
oo OO
e e )
e
PR R
'T"T"T"T"T' LYY-2-107CH
W 19Fdeft CDC13 D:\\ deng 22
NAME XB20150527
EXPNO 12
PROCNC 1
Date_ 20150527
Time 17.00
INSTRUM spect
PROBHD 5 mm PATXO 19F
E PULPROG zg
D 131072
I H—COsE SOLVENT coel3
N-g NS g
DS 4
SWH 100000.000 Hz
3fa FIDRES 0.762939 Hz
AQ 0.6554150 sec
RG 322.5
DW 5.000 use
DE 6.00 use
TE 296.5 K
Dl 1.00000000 sec
IDO 1
ssssssss CHANNEL f]l sssss=s
NUC1 19F
Pl 19.30 use
PL1 4.00 dB
SFO1 470.5453180 MH=z
SI 65536
SF 470.5923770 MHz
WowW no
. ——!SSB 0
LB 0.00 Hz
T T T T T T T T T— GE 0
o -20 -60 -80 =100 =120 -140 -160 -180 ppm FC 1.00
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& Q= S o 9
~ alei o o« ©

S43

e B NS hERRAnma - o LYY-2-107CH
"o Deiddw Froodedanre = R C13CPD CDC13
-1 5538 b b E b e e e - 4
XB20150527
13
1
20150527
spect
S mm PATXO 19F
(o] PULPROG zgpgld
b1 65536
F SOLVENT coC13
1S 256
| H—COsEt :
N SWH 30030.029
‘-O FIDRES 222
2410
BG 287.4
3fa o 16.650 usec
DE 6.00 usec
TE 297.6 K
Bl 2,00000000 sec
a1 ©.03000000 sec
DELTA 1.89999998 sec
™0 1
wnmmmmms CHANNEL f1 mmmm
KU1 13c
123 9.50 usec
PLL 0,50 dBt
5701 125.7703643 MHz
ma CHANNEL £2 =
CPDFPR waltzlé
RUC2 1R
PCPD2 80.00 usec
PL2 1.00
PL12 16.0% dB
PL13 16,50 dB
SFO2 500.1320005 MHz
51 32768
S5F 12%.7877727 MEz
WDW EN
558 0
LB 1.00 Hz
GB o
PC 1.40
I I T I T T I I I I I T I I I I T I 1
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
o O R Doy a0 o =]
L Mo o= D - - ed
oo bl ] e -+ oo
oo -~ oo o —
VoAV N I\ Leve2105
PROTON CDC13
NAME XBZOLS011S
EXPNO 4
PROCNO 1
Date_ 20150115
(o] i 11.09
| N —CO,Et
N-g
296, 1
1,00000000
== CHANNEL f] ssssssss
1H
14.14 usec
1.00 a8
500.1330885 MHz
27
500.1300126 MAz
no
Q
I | 0.00 Hz
[
1.00
T T T T T T T T T I T T T T T T T T T
9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 ppm



-~ - h 0y r~ -~ -
S nmnw new o 8 8"
& Teh 2 883 2 o e
= e e - R -t w o e
| NN ||
0
T Ny —CO,Et
-0
3ga
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
— M W o™ Ay A~ Lol W=
= 0y o oW O =
™ ™ Lt == ) ToTT N -
® o ~ ~w oo -
V [V N N
o]
| —CO,Et
MeO N-o
3ha
. |
T T T T T T T
7 6 5 4 3 2 1 ppm
8 5 (5 3 & 8
- ol lei o | ©

S44

LYY-2-105
C13CPD CDC13

HAME
EXEND
PROCND
Date_
Time
INSTRUM
PROBED
PULPROG

™
SOLVENT
HS

oS
SWH
FIDRES

XB2O150115
13

1

20150115
11.20

spect
5 mm PATXO 19F

0.4

4
30020.02% Hz
8222

297.4 K
2.00000000
0.03000000
1.89999598

1

= CHANNEL f1

=0.5
125.7703643

= CHANNEL £2 =

6.50

500.1320005
32768

125.75776890 MHz
EM

Q
1.00 Hz
a

1.490

LYY-2-108
PROTON CDC13

XB2015011%

1

20150115

11.26

spect

5 mn PATXO 19F
2g30

65536

€OC13

16

2
10330.578 Hz

6.00 vasec

3K
1 .DOODOOC? a0c

=== CHANNEL £] memmss=s=
1H

14.14 usec

1.00 @B

500.1330885 MHz
32768

500.1300126 MHz
ne



182.64
164.76

—162.47
1

60.88
56.36

~

33.29
28.16

14.07
10.23

—62.61
—55.63

14.14

o)
T N—CO,Et
N~
MeO o
3ha
T T T T
160 140 120 100 60
= OO MO AT ~ @ o 4 O =
S0 Oh Oh DM 0O e O oh O W Moy
AR R I It s N e b o o
0
T N—CO,Et
N-o
3ia
T T T L
9 6 5 3
& &
Sl -
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LYY-2-108

Cl3CPD CDC1

XB20150115
B

20150115
11.34

4
30030.029 Hz
0,458232 Hz
1.0912410 sec
143.7

16.650 usec
6.00 vsec
297.5 K

2.00000000 sec
0.03000000 sec
1.89999998 sec

==emmoee CHANMEL fl ========
NUC1l 13¢

Pl
PL1
SFO1

= CHANMEL f2

-0.50 4B
125.7703643 MHz

CPOPRG2 waltzlé
HUC2 18
PCEDZ B0.00 usec
PL2 1.00 dB
PL1Z 16.05 dB
PL13 16,50 dB
SFO2 S00.132000% MHz
s1 8

SF 125.7577890 MHz
WOW EM

558 0

LB 1.00 Hz
GB ]

e 1.40

YY-2-109

PROTON CDC13

HAME #p20150116
EXFNO 13
PROCNO 1
Date, 20150116
Tim 15.43
INSTRUM spact
PROBED & mm PATXO 19F
PULFROG zg30
) 65535
SOLVENT [k ]
N5 16
] E
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 228.1
oW 48.400 usec
DE 6.00 usec
TE 296.2 K
o1 1.00000000 sec
o 1
CHANKEL f1
14.14 usec

1.00 4B

500.1330885 MHz
32768

500.1300126 MHz
no

o
0.00
o

1.00



-102.320
-102.333
-102.339
-102.349
-102.362
-102.368
-102.378

YY-2-109
19Fdeft CDCI3 D:\\ deng 55

é

NAME %*b20150116
XPNO 14

E

PROCNO 1

Date_ 20150116

Time 15.45
INSTRUM E
PROBHD 5mm PATXO 19F

PULPROG zg
TD 131072
SOLVENT CcDCI3
NS 8

Ds 4
SWH 100000.000 Hz
FIDRES 0.762939 Hz

AQ 0.6554150 sec
RG 287.4

Dw 5.000 usec
DE 6.00 usec
TE 296.2 K

D1 1.00000000 sec
TDO 1

P1 19.30 usec
PL1 4.00 dB
SFO1 470.5453180 MHz
Sl 65536
SF 470.5923770 MHz
WDw no
SSB 0
LB 0.00 Hz
GB
T T T T T T T T T T T PC 1.00
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
M NNOM VRN NATO
-~ W DWW — ™
bRl S s & = C13CPD C€DC13
xb20150116
15
1
201? 19
S nm PATXO
(0]
| H—CO;Et
N-
£ o
3ia
0.03000000 1.3
1.89999998 sec
1
MHz
b Hz
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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299
281
7.521

<3
e
N

7.504
7.424
4.497
4.483
4.468
4.454

€

1.452
1.438
1.424

<

LYY-2-102F
PROTON CDC13

HAME ¥B20150112
EXEND 12
BROCNO 1
o] Date_ 20150112
Time 15.36
INSTRUM spect
PROBHD 5 mm PATXO 19F
\ A CO2El PULFROG g0
™ 65536
cl N-g SOLVENT COCL3
NS 16
- DS 2
3Ja S0 10330578 Hz
FIDRES 0.157632 Hz
A 3,1720407 sec
ARG 228.1
oW 48.400 usec
oE 6,00 usec
TE 296.2 K
ol 1.00000000 sec
OO 1
= CHANNEL f1l =
HUCL H
Pl 14.14 usec
PL1 1,00 dB
SFOL 500.1330885 MHz
5I 32768
5F 500.1300126 MHz
WOW ne
558 L
LB 0.00 Hz
A GB
PC 1.00
T T T T T T T T T
8 7 5] 5 4 3 2 1 0 ppm
- ~lg - o«
- TW® oMM uwy
— =Ry Nl o i=1 ~” ~”
. " e - - ~- -
Y Gon Tmma oo o .
- =1
- e e e e e - o -t LYy-2-102p
| \f/ ‘I. \IF/ | C1l3CPD CDC13
HAME *B20150112
EXENO 13
PROCKO 1
Date 20150112
Tine 1%.51
INSTRUM pec!
PROBHD 5 mm PATXO 19F
BULEROG 2gpg30
™ 65536
SOLVENT cOC13
o] NS 256
DS 4
SWH 30030, 029 Hz
R FIDRES 0.458222 Mz
| CO,Et A 1.0912410 sec
RG 287.4
| N-g oW 16,650 usec
Cl DE 6.00 usac
- TE 297.7 K
BJa ol 2.00000000 sec
dl1 0.03000000 sec
DELTA 1.69999598 sec
DO 1
messssss CHANNEL {] sessssse
KUCL 13C
Bl 9,50 usec
PL1 0.50 dB
SF01 125.7703643 MHz
mmmmmmme CHANNEL {3 ssssssse
waltzl6
1H
B0.00 usec
1.00 dB
16.05 dB
16.50 dB
500.1320005 MHz
32768
125.7577890 MHz
EH
[
1.00 Bz
g Ny [
1.40
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 0 ppm
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8.209
.192

8

T.687
4,493
4.479

T.670
—_—T.420

<

T Ny —CO,Et

3ka

4,465
4.450
1.448
1.434
1.420

<

LYY-4-Br
PROTON CDC13

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

g le 8

w ] 0140 £y @
M = = o
m 00 MO =1
) LoD 0 1 07 6 6 —
- i - -

<
£
X

Br

62.74
14.13

T T T
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HAME XB20150821
EXPNO 3
PROCNO 1
Date_ 20150821
Time 10.59
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG zg30
D 65536
SOLVENT CDC13
L] 16
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 181
D 48,400 usec
DE 6.00 usec
TE 295.8B K
D1 1.00000000 sec
00 1
mmmmmmmm CHANNEL f1 smmm=m=s
HUCL 1H
Pl 14.14 usec
PL1 1.00 4B
SFOL 500.1330885 MHz
51 32768
SF $00.1300129 MHz
WOW EM
558 [
Le 1.00 Hz
GB o
BC 1.00
LYY-4-Br
C13CPD CDCl3

HAME XB20150821

EXENG 5

PROCNO 1

Date_ 20150821

Time 11.09

INSTRUM Spect

PROBHD 5 mm PATXO 19F

PULPROG =gpg3l

™ 65536

SOLVENT coCis

NS 128

os 4

SWH 30030.025 Hz

FIDRES 0.458222 Hz

AQ 1.0912410 sec

G 128

o 16.650 usec

DE 6.00 usec

TE 297.1 K

Dl 2.00000000 sec

d1l 0.03000000 sec

DELTA 1.89999998 sec

T™a 1

- = CHANKEL f1

HUC1 13c

1 9.50 usec
PL1 -0.50 dB
SFOL 125.7703643 MHz

125.7577890 M
EM

]
1.00 Hz
0

1.40
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PROTON CDC13
o NAME XB20150130
EXPHO &
FROCNO 1
Date, 20150130
i 14.33
\ N CO,Et INSTRUM spect
M-, PROBRD 5 =mm PATXO 19F
Ac O PULPROG zg30
™ 65536
SOLVERT €De13
3|a NS 16
oS 2
Swi 10330.578 Hz
FICRES 0,157632 Hz
AQ 3.1720407 sec
RG 181
oW 48.400 usec
DE 6.00 usec
TE 298,
D1 1.00000000 sec
TO0 1
e CHANN. f] messsss=
10
14.14 usec
PLL 1.00 dB
sFol 500.1330885 Miz
51 12768
sF 500.1300000 MHz
WOW no
358 o
ia 0.00 Hz
| Ge o
- B 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
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HAME XB20150130
EXPNO 8
PROCNO 1
Date_ 20150130
Time 14.43
INSTRUM spect
PRCBHD 5 mm PATXO 19F
PULPROG 2gpg30
™ 65536
SOLVENT CBCL3
o NS 128
DS 1
SWH 30030.029 Hz
| = CO,Et FIDRES 0.458222 Hz
AQ 1.0912410 see
N-g BG 128
Ac oW 16,650 uses
DE 6.00 usec
3 a TE 297.3 K
b1 2.00000000 see
d11 0.03000000 sec
DELTA 1.B3099998 sec
00 1
sememmes CHANNEL fl ssssssew
HUCL 13¢
P1 9.50 usec
PLL -0.50 dB
sFoL 125.7703643 MHz
sessmmss CHANNEL {2 sssssss=
CPDPRG2 waltzl
NUC2
PCED2 80.00 usec
PL2 100 dB
PL12 16.05 dB
PL13 6.50 dB
SFO2 $00.1320005 MHZ
51 2n
5F 125.7577890 MHz
WDW EM
558 0
LB 1.00 Hz
GB o
PC 1.4
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LYy-2-112
PROTON CDC13

XB20150120
1

1
20150120
15.34
$ mm PATXO 19F
2930
65536
cocl3
16
z
10330.578
0.157632
AQ 3.1720407
G 2
oW usec
DE usec
TE
D1 sec
TDO
HUCL
Pl usec
PLL 1.00 dB
SFOL 500.1330885 MHz
51 32768
5F 500.1300126 MHz
WDW no
558 o
LB 0.00 Hz
GB o
BC 1.00
LYy-2-112
C13CPFD CDC13
HAME XB20150120
EXPNO 2
1
- 20150120
me 15.42
INSTRUM spect
FROBHD 5 mm PATXO 19F
PULPROG zgpg3d
65536
SOLVENT CDCL3
NS 128
DS 4
SWH 30030.029 Hz
FIDRES 0.458222 Hz
AQ 1.0912410 sec
RG 128
oW 16.650 usec
DE 6.00 usec
TE 297.5 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
™0 1

sessssss CHANNEL Il ssssssss
KUCL 13C

Pl 9.50 usec
PL1 =0.50 dB
SFOL 125.7703643 MHz
memmmmmn CHANMEL £2 ==
CPDPRGZ waltzlé
KUC2 1H
PCPD2 ED.00 usec
PL2 1.00 dB
PL12 16.05 dB
PL13 16.50

SFO2 500.1320005 MHz
51 32768

sF 125.7577890 MHz
WOW S

558 0

LB 1.00 Hz
GB 0

PC 1.40
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PROCHOD 1
Date_ 20150126
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INSTRUM spect
PROBHD 5 mm PATKO 19F
PULPROG 2g30
™ 65536
SOLVENT CDC13
NS 16
DS 2
o S 10330.578 Hz
FIDRES 0.157632 Hz
A AQ 3.1720407 see
BG 203.2
| i COQEt oW 48.400 usec
N N-g DE 6.00 usec
TE 296.2 K
! b1 1.00000000 sec
5 ™0 1

3na

memumwen CHANNEL fl sswssse=
NuCL 1
1 14.14 usec
PLL 1.00 dB
sFOL 500.1330885 MHz
51 32768
sF 500.1300129 MHz
WhW EM
558 0
LB 1.00 ¥z
ce 0
ec 1.00
T T T T T T T T T T T T T T T T T T T T
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HAME XB20150126
EXPNO 2
PROCNO 1
Date, 20150126
Time 10.16
INSTRUM spect
PROBHD % mm PATXO 19F
PULPROG 9P
™ 65536
SOLVENT €oCL3
0 HS 128
03 4
SwH 30030029 Hz
S5 COzEt FIDRES 0.458222
\ A 1.0912410 se
| N-O RG
C usec
N DE usec
| TE 7.5 K
Ts o1 2.00000000 sec
3na a1 0103000000 sec
DELTA 1183999998 sec
00 1
memmmmne CHANNEL £1 mmmmmmen
NUCL 13¢
31 9.50 usec
PL1 -0.50 dn
5FO1 125.7703643 Mz
mmmmmmen CHANNEL £2 mmmmmmes
CPDPRGZ waltz
Nucz 1
PCED2 £0.00 usee
pL2 1.00 dB
PL1Z 16.05 dB
PL13 16,50 dB
sFO2 500.1320005 Miz
s1 32768
SF 125.7577890 HHz
WOW EM
S5B ]
LB 1.00 Hz
B 0
PC 1.40
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LYY-162CH
PROTON CDC13

HAME XB20150402
EXPNO 3
PROCHO 1
Date_ 20150402
ime 10.20
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2930
™ 65536
SOLVENT cDe13
NS 16
9 DS z
sWH 10330.578 Hz
FIDRES 0.157632 Hz
= | R CO-Et AQ 3.1720407 see
W, RE 267.4
S N-g oW 48,400 usee
LE 6.00 usec
3oa TE 296.2 K
o1 1.00000000 sec
™0 1
mmmmmmm= CHANNEL £l
NUCL 18
1 14.14 usee
PL1 1.00 d8
sFOL 500.1330885 Mz
51 32768
sF 500.1300129 Maz
WOH »
558 o
LB 1.20 Mz
G 0
eC 1.00
1
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| N/ Vol | C13CPD CDC13
NRME XB20150402
EXPNO 5
PROCHO 1
Date_ 20150402
Time 10.29
INSTRUM speet
PROBHD 5 mm PATXD 19F
PULBROG zgpg30
o} ™ 65536
SOLVENT coel3
= N3 128
DS 4
N\ \ N CO4Et swH 30030.029 Kz
- FIDRES 0.45§222 Hz
s N-g AQ 1.0912410 sec
RG 312.5
oW 16.650 usee
30a oE 6.00 usec
TE 297.5 K
o1 2.00000000 sec
411 0.03000000 sec
DELTA 1.89993998 sec
00 1
CHANNEL £1
NUCL 1
1 9,50 usec
PL1 -0.50 4B
sFOL 125.7703643 MHz
CHANNEL £2
ceoERG2 waltzl6
NUC2 14
PCPD2
PL2
PL12
PL13
sFo2
51
sF
WOW
558
Le
GB o
T T T T T T T T T T T PC 1.40
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EXPNO 26
PROCKO 1
Date_ 20151228
Time 17.02
INSTRUM spect
PROBHD 5 mm PATXO 19F
BULFROG 2930
™ 65536
SOLVENT CDC13
0 NS 16
DS z
SWH 10330.578 Mz
A Et FIDRES 0.157632 Mz
cO. A 3.1720407 sec
| 2 G 90.5
N-g UK 148.400 usec
DE 6.00 usec
TE 295.2 K
3 D1 1.00000000 sec
pa 0 1
=emmmmss CHANNEL f]l ssssssss
HUCL 18
Pl 14.14 u
PLL 1.00
sFol 500.1330885 MHz
51 32768
SF 500.1300129 MHz
WOW EM
558 [
Le 0.50 Hz
GB
B 1.00
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NAME XB20151229
EXENO 2
PROCNG 1
Date_ 20151229
Time 22.28
INSTRUM apect
PROBHD 5 mm PATXO 19F
PULEROG 2gpg30
(0] ™ 65536
SOLVENT £DC13
NS 128
DS 4
\ A CO5Et SWH 30030.029 Hz
N FIDRES 0.458222 Hz
-0 AQ 1.0912410 sec
RBG 128
oW 16,650 usec
3pa £000 naee
IE 297.7 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
00 1
smmmmmws CHANNEL fl swsssmews
NUC1 136
31 9.50 usec
BLL -0.50 dB
5FO1 125.7703643 MHz
- = CHANNEL £2
CPDERG2 waltzlé
HUC2 1H
BCRDZ 80.00 usec
PL2 1.00 d&
PL1Z 16.05 dB
PL13 16,50 dB
5P02 5001320005 HHz
SI 32768
SF 125,
WOW
538
e
GB
PC
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LYY-2-121CH
PROTON CDC13

HAME ¥BZ0150821

EXPHO 20

PROCKO 1

Date_ 20150821

Time 16.34

INSTRUM spect

PROBHD 5 mm PATXO L9F

PULERO! 2930
65536

SOLVENT CDC13

NS 16

DS z

S 10330.578 Hz

FIDRES 0.157632 Hz

AQ 3.1720407 sec

BG 114

DH 48,400 usec

DE 6.00 usec

TE 295.6 K

D1 1.00000000 sec

00 1

=ewnmwsw CHANNEL fl ssesswsw

NUCL 1H

Bl 14.14 usec

PLL 1.00 dB

SFOL 500.1330885 MHz

51 32768

s 500.1300129 MHz

WOW

550 0

Le 0.00 Hz

Ge 0

B 1.00

LYY-2-121 CH
C1l3CPD CDC13

XB20150821
28

1
20150821
19.49
spect
5 mm PATXO 19F
2gpg30
65536
COC13
128
4
30030.029 Hz
©0.458222 Hz
1.0912410 sec

RG 143.7

oW 16.650 usec
DE 6.00 usec
TE 297.0 K
ol 2.00000000 sec
dll 0.03000000 sec
o

1.89999598 sec
1

£l mmmemeea

mmms CHANNEL

13c
9.50

usec
-0.50 d8

5FO1 125, 7703643 MHz
mmmmmmme CHANNEL £2 ssssm===
CEDERG2 waltz16
NUC2 1H
BCED2 BO.00 usec
BLZ 1.00 dB
PL1Z 16.05 d&
PL13 16.50 d&
SFO2 500.1320005 Mz
51 32763

SF 125.7577890 MHz
WOW EM

558 [

18 2,00 Hz
GE

PC 1.40
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PROTON CDC13

HAME ¥B20151230
EXPNO 6
PROCNO 1
Date_ 20151230
Time 9.55
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 230
65536
SOLVENT COC13
NS 16
DS z
SHH 10330.578 Hz
o FIDRES 0.157632 Mz
A 3.1720407 see
RG 64
HO oW 48,400 usec
| R COzE[ DE £.00 usec
TE 294.7 ¥
N-g o1 1.00000000 see
™0 1
3ra == CHANNEL £] mmmmmmm=
18
14.14 usec
PL1 1.00 dB
SFO1 500.1330885 MHz
51 32768
SF 500.1300127 MHz
WOW EM
S58 o
Le 0.50 Hz
GB 0
BC 1.00
1 i i n
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5\ Vo C13CPD CDC13
HAME XBZ0151230
EXPNO 13
PROCNO 1
Cate_ 20151230
Tine 10.42
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2gpg30
™ 65536
[e] SOLVENT CDCl3
¥ 128
oS 4
HO R SWH 30030.029 Rz
| CO-Et FIDRES 0.458222 Hz
N A0 1.0912410 sec
(o] RG 128
[ 16.650 usec
BE 6.00 usec
3ra TE 295.7 K
ol 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89959998 sec
oo 1
mmmmemes CHANNEL £l sessssss
HUCL 13c
el 9.50 usec
BLL -0.50 dB
SFOL 125.7703643 MHz
=mmmemee CHANNEL £2 ========
CPDPRGZ waltzl6
wUC2 1H
PCPD2 £0.00 usec
PL2 1. dB
PL12 16.05 d&
PL1Y 16,50 dB
sFO2 500.1320005 MHz
a1 32768
sF 125.7577890 MH:z
WOW EM
. s58 [
LB 1.00 Hz
GB [
PC 1.40
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LYY-4-15
PROTON CDC13

HAME HB2O150922
0 EXFNO T
N0

SFOL 500.1330885 MH:z
51 32768
5F 500.1300129 MH:z
WDW EM
_SSB 1]
J J | E: v.jg Hz
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1
20150922
10.39%

O~
) | )—COaEt -
EtO,C—xy N-g FIDRES 0.456222 Hz
AQ 1.0912410 see
RG o128
oW 16.650 usec
o DE 600 usec
3Sa TE 296.0 K
o1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.89999998 sec
TDO 1

CHANNEL f1 =

13c

9.50 usec
-0.50 d2

125, 7703643 Mz

CHANNEL £2 ms=sss=s
waltzlé

=

EM

=
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LYY-Cl1-CH
PROTON CDC13

HAME XB20151125
EXPHO 12
PROCHO 1
Date_ 20151125
e 16.20
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPRO! zg30
65536
SOLVENT CDC13
NS 16
Ds 2
SWH 10330.578 Hz
FIDRES 157632 Hz
3.1720407 sec
RG 287.4
oW 4B. 400 usec
DE 6.00 usec
TE 295.3 K
D1 1.00000000 sec
00 1
mmmmmmmn CHANNEL fl sewmsm=s
NUCL 1H
Pl 14.14 usec
00 dB

500.13308B85 MHz
32768

500.1300130 MHz
EM

1.0E Hz
1.00
] l_) U
T T T T T T T T T T T T T T T T T T
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NAME XB20151126
EXPNO 2
PROCNO 1
Date_ 20151126
Tine 5.12
INSTRUM spect
PROBRD 5 mm PATXO 19F
PULFROG 2gpg30
o] ™ S5536
SOLVENT cocid
NS 128
bs 4
E 30030, 025
\ h FIORES 0.4582
- A 1.0912410
N-g cl A i
oW 16,650 usec
DE 6.00 usec
3at = 297.0 K
b1 2.00000000 sec
i1 0.03000000 sec
DELTA 1.89599998 sec
™0 1
mmmmmmen CHANNEL £1 mmwmmme=
wocl ac
Pl 5.50 usec
PLL -0.50 dB
5701 125.7703643 MHz
16.50
500.1320005
32768
SF 125.7577890 MHz
WO !
528 0
in 1.00 He
cn 0
BC 1.40
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EXPHO 22
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Date_ 20160229
Time 16.35
INSTRUM spect
FROBHD 5 mm PATXD LOF
FULEROG 2g30
™ 65536
SOLVENT CDC13
HS 16
DS 2
o ) 10330.57E Mz
FIDRES 0.157632 Hz
A0 3.1720407 sec
BG 101.6
i RS i) 48.400 usec
DE 6.00 usec
N-p TE 294.6 ¥
MeD D1 1.00000000 sec
™0 1
3he
18
14.14 usec
BLL 1.00 dB
sFO1 500.1330885 MHz
51 32768
SF 500.1300129 MHz
WOW
558 0
Le 0.00 Hz
GB 0
BC 1.00
I \ I
T T T T T T T T T T T T T T T T T
80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
3@ 8 8 Ak &
~ o oMo wr M ™o
~ - — o o w uy o Oh WD D
H . . . . . u T D
T RE o 2 R
e et ] - - 1 I LYY-134
TN T T \I7
XB20160229
26
1
20160229
17.00
spect
(o] 5 am PATXO 19F
2gpqg30
™ 65536
A SOLVENT €1l
HS 128
h} S 3he o3 4
- SHH 30030.029 Hz
MeO FIDRES 0.458222 Hz
M 1.0812410 sec
B 128
DW 16.650 usec
DE 6.00 usec
TE 296.0 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
mmmmmmm= CHANNEL £l ==mmmee=
HUC1 13C
F1 9.50 usec
PLL 0.50 dB
SFO1 125.7703643 HHz
== CHANWEL £2
CPDPRG2 walt
HUCZ 18
FCPD2 80,00 usec
PLZ 1.00 di
PL1Z 16.05 dB
PL13 16.50 dB
sFo2 500.1320005 MHz
51 32768
SF 125.7577890 MHz
WOW EM
"~ " - 558
. v . LB 2.00 Hz
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LYY-4-143-CH
PROTON CDC13

HAME XB20160325
EXPHO 17
PROCKO 1
Date_ 20160325

17.43
INSTRUM spect
PROBHD 5 mm PATXO 19F
PULPROG 2930
o 65536
SOLVENT CDC13
NS 16
DS z
SWH 10330.578 Mz
FIDRES 0.157632 Hz
AQ 3.1720407 sec
RG 161.3
oW 48,400 usec
DE 6.00 usec
TE 94.8 K
D1 1.00000000 sec
™00 1
CHANNEL f1
HUCL 18
Bl 14.14 usec
PLL 1.00 dB
sFol 500.1330885 MHz
s1 32768
SF 500.1300129 MHz
WOH no
S5 [
LB 0.00 Mz
| Ge 0
. BC 1.00
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NAME XB2O160325
EXFRNO 22
PROCNO 1
20160325
23.1
Apact
5 mm PATXO 19F
zgpgil
65536
cDCl3
128
4
30030.029 Hz
0.458222 Hz
1.0912410 sec
161,
16,650 usec
6.00 usec
295.8 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
DO 1
mmmmmmme CHAHNEL £l mmmsmms
HUCL 13C
Fl 9.50 usec
FL1 -0.50 dB
SFOL 125.7703643 MHz
usec
dB
dB
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Hz
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LYY-143
PROTON CDC13

NAME XB20160307

EXPNO 26

PROCHO 1

Date_ 20160307

Time 16.08

INSTRUM spect

PROBHD 5 mm PATXO 19F

PULPROG zg30

™

SOLVENT

NS

DS

SHH Hz

FIDRES Hz

AQ sec

RG 1

oW usec

DE usec

TE 294.7 K

bl 1.00000000 sec

00 1

CHANNEL £1

NUC1

Bl 14.14 usec

BLL 1.00 dB

5FO1 500.1330885 Mez

51 3276

5F 500.1300129 MHz

WO no

558 [

18 0.00 Hz

G2 0

BC 1.00
LYY-143

C1l3CPD CDC13

HAME XB2Z0160307
EXPHO 30
PROCNO 1
Dato_ 20160307
Time 17.01

INSTI apect
PROBHD 5 mm PATXO 19F
PULPROG 2gpg30

T 65536
SOLVENT cocl3

NS 135

ns 4

S 30030.029 Hz
FIDRES 0.456222 Hz
AQ 1.0912410 sec
RG 512

oW 16.650 usec
DE 6.00 usec
1 295.6 K
Dl 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89995998 sec
0o 1
wemmmmns CHANHEL £l sesssess
HUCL 13

Pl 5.50 usec
FL1 -0.50 d
SFOL 125,7703643 MEz
mmmmmmen CHANNEL {2 sssssses
CEDPRGE waltzl6
Hucz 1H
PCPD2 80.00 usec
FL2 1.00 dB
PL1Z 16.05 dB
PL13 16.50 dit
SFOZ 500.1320005 Mz
51 32768

SF 125.7577890 MHz
WOW EM

§58 o

A 1.00 Hz
Ge ]

eC 1.40





