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General Information: All the reactions were performed in an oven-dried Schlenk flask.
Commercial grade solvents were distilled prior to use. Column chromatography was performed
using 100—200 Mesh silica gel. Thin layer chromatography (TLC) was performed on silica gel
GF254 plates. Visualization of spots on TLC plate was accomplished with UV light (254 nm)
and staining over I, chamber.

Proton, carbon, and fluorine nuclear magnetic resonance spectra (*H NMR, *C NMR, °F NMR,
and 3P NMR) were recorded based on the resonating frequencies as follows: (*H NMR, 400
MHz; *C NMR, 101 MHz; **F NMR, 376 MHz) and (*H NMR, 500 MHz; 3C NMR, 126 MHz;
¥F NMR, 470 MHz; 3'P NMR, 202 MHz) having the solvent resonance as internal standard (*H
NMR, CHCl; at 7.26 ppm; *3C NMR, CDCls at 77.0 ppm) and the data for *H, 3C NMR, °F, 31p
NMR were reported in terms of chemical shift (ppm). Few cases tetramethylsilane (TMS) at 0.00
ppm was used as reference standard. Data for *H NMR are reported as follows: chemical shift
(ppm), multiplicity (s = singlet; bs = broad singlet; d = doublet; bd = broad doublet, t = triplet; bt
= broad triplet; q = quartet; m =multiplet), coupling constants, J, in (Hz), and integration. IR
spectra were reported in cm~1. HRMS were obtained in ESI-TOF analyzer. LC—MS spectra were
obtained (EI positive/nagative mode) with an ionization voltage of 70 eV; data are reported in
the form of m/z (intensity relative to base peak 100). Elemental (C, H, N) analysis was carried
out using an EA 1112 analyzer. Melting points were determined by electrothermal heating and
are uncorrected.

Materials: Unless otherwise noted, all the reagents were obtained commercially and used
without purification. Dichloromethane (CH2Cl>) and carbon tetrachloride (CCls) used from bottle
grade. lodoform (CHIs3), tetrabromomethane (CBrs), carbon tetrachloride (CCls), and

triphenylphosphine (PhsP) are purchased and used as received.
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Experimental Section

Following the known synthetic procedure, 1a—r are prepared. Analytical and spectral data of 1a,

1d, 1h, 1i, 10, 1p and 1r are exactly matching with the reported values.*2

Br CuSO0y (0.1 equiv)
,Ts 1,10-phenanthroline (0.2 equiv) s
4+ HN Ar—=—N
Ar R K3PO, (2.0 equiv), toluene R
1 qn reflux, 6-7 h 1

General Procedure for the Synthesis of 1 (GP 1):! To a mixture of 1” (2.0 mmol),
CuS04-5H20 (0.2 mmol), 1,10-phenanthroline (0.4 mmol) and K3PO4 (4.0 mmol) in dry toluene
(8.0 mL) was added 1-bromo-2-arylacetylene (1'). The reaction mixture was heated at 70 °C
under the nitrogen atmosphere. Progress of the reaction was monitored periodically by TLC.
Upon completion, the reaction mixture was cooled to room temperature and diluted with
dichloromethane (10 mL). The crude mixture was filtered through a small pad of Celite and
concentrated under the reduced pressure. The crude residue was purified using column

chromatography on silica gel to provide 1.

N-Methyl-N-(m-tolylethynyl)-N-4-methylbenzenesulfonamide (1b):
TS Pale yellow solid (460 mg, 77% vyield); mp 85-88 °C; Rf = 0.38 (9:1
H3o©/ CHsl hexane/EtOAC); [Silica, UV and I2]; 'H NMR (400 MHz, CDCls): & 7.84
1b | (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.21-7.14 (m, 3H),
7.12-7.06 (m, 1H), 3.14 (s, 3H), 2.45 (s, 3H), 2.31 (s, 3H); 13C NMR (101
MHz, CDCIs) ¢ 144.7, 137.9, 133.2, 131.9, 129.8, 128.7, 128.4, 128.1, 127.8, 122.4, 83.6, 69.1,
39.3, 21.6, 21.2; IR (Neat)vmax 2230, 1687, 1594, 1446, 1167, 1019, 865, 821, 783 cm™1; MS (EI)
m/z (%) 300 (M* + 1, 100), 207 (13); Anal. Calcd. for C17H17NO2S: C, 68.20; H, 5.72; N, 4.68;
S,10.71 . Found: C, 68.35; H, 5.75; N, 4.61; S, 10.62.

N-Benzyl-N-((3,4-dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1c):

Colorless solid (710 mg, 91% vyield); mp 105-107 °C; Rt = 0.4 (4:1
H3CD/ B | hexane/EtOAC); [Silica, UV and I2]; *H NMR (400 MHz, CDCl3): § 7.78
HaC 1c (bd, J = 7.6 Hz, 2H), 7.38-7.24 (m, 7H), 7.03 (s, 1H), 7.00 (s, 2H), 4.56
(s, 2H), 2.43 (s, 3H), 2.21 (s, 3H), 2.18 (s, 3H); 3C NMR (101 MHz,
CDCIs) ¢ 1445, 136.6, 136.4, 134.7, 134.5, 132.4, 129.6, 129.4, 128.8, 128.76, 128.4, 128.2,
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127.7,119.9, 81.7, 71.3, 55.7, 21.6, 19.6, 19.5; IR (Neat)vmax 2219, 1594, 1452, 1358, 953, 915,
756, 591, 531; cmt; MS (EIl) m/z (%) 390 (M* + 1, 100); Anal. Calcd. for C24H23NO,S: C,
78.81; H, 6.19; N, 3.59; O, 8.19; S, 8.21. Found: C, 74.15; H, 5.98; N, 3.65; S, 8.31.

N-Benzyl-N-((3-cyanophenyl)ethynyl)-4-methylbenzenesulfonamide (1e):
Ts Colorless solid (672 mg, 87% vyield); mp 147-148 °C; Rf = 0.41 (4:1
Nc©/ 'B”I hexane/EtOAc); [Silica, UV and I2]; H NMR (400 MHz, CDCls): § 7.94
1o (d, J = 8.0 Hz, 2H), 7.84 (d, J = 8.0 Hz, 1H), 7.65 (t, J = 7.6 Hz, 1H),
7.54-7.47 (m, 3H), 7.44-7.34 (m, 6H), 4.70 (s, 2H), 2.43 (s, 3H); 3C NMR (101 MHz, CDCl3) &
145.9, 134.8, 134.2, 133.7, 133.5, 131.8, 130.7, 129.4, 129.1, 128.9, 128.8, 128.0, 126.2, 117.9,
112.7, 89.3, 68.7, 55.8, 21; IR (Neat)vmax 2235, 1693, 1490, 1364, 1304, 1084, 958, 810, 706
cm=; MS (E) m/z (%) 441 (M* + 1, 100); Anal. Calcd. for C2sH1sN202S: C, 57.15; H, 3.88; N,
3.35; 0, 7.25; S, 7.27. Found: C, 57.23; H, 3.82; N, 6.29; S, 7.32.

N-Benzyl-N-((3-formylphenyl)ethynyl)-4-methylbenzenesulfonamide (1f):

TS Pale yellow gummy liquid (638 mg, 82 % vyield); Rf = 0.62 (4:1
OHC\©/ Bl hexane/EtOAC); [Silica, UV and I;]; *H NMR (400 MHz, CDCls): § 9.98

1t (s, 1H), 7.90 (d, J = 8.0 Hz, 2H), 7.86-7.80 (m, 1H), 7.73 (bs, 1H),
7.60-7.49 (m, 4H), 7.42—-7.34 (m, 5H), 4.67 (s, 2H), 2.42 (s, 3H); 3C NMR (101 MHz, CDCls) §
193.1, 145.7, 136.9, 136.4, 135.0, 134.3, 131.8, 130.7, 130.1, 129.3, 129.0, 128.8, 128.0, 123.5,
84.7, 70.4, 55.5, 21.6; IR (Neat)vmax 2235, 1594, 1495, 1260, 1172, 1090, 936, 816, 723, 597
cmt; MS (EI) m/z (%) 389 (M* + 2, 100); Anal. Calcd. for Ca3H19NO3S: C, 70.93; H, 4.92; N,
3.60; O, 12.32; S, 8.23. Found: C, 71.56; H, 4.61; N, 7.32; S, 8.38.

N-((4-Acetylphenyl)ethynyl)-N-benzyl-4-methylbenzenesulfonamide (19):
TS Colorless solid (629 mg, 78% vyield); mp 146—148 °C; R¢= 0.51 (4:1
O/ Bn | hexane/EtOAc); [Silica, UV and I2]; *H NMR (400 MHz, CDCl3): &
Hs;COC 1g

7.90 (d, J = 8.0 Hz, 4H), 7.52 (d, J = 12.8 Hz, 2H), 7.41-7.37 (m, 5H),
7.37-7.32 (m, 2H), 4.68 (s, 2H), 2.55 (s, 3H), 2.43 (s, 3H); *C NMR
(101 MHz, CDCls) § 197.5, 145.8, 135.8, 135.0, 134.2, 130.7, 130.6, 129.3, 129.0, 128.9, 128.9,
128.0, 127.3, 86.8, 71.5, 55.5, 27.1, 21.6; IR (Neat)vmax 1682, 1594, 1550, 1452, 1265, 1084, 761
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cmt; MS (EI) m/z (%) 389 (M* — 1, 100); Anal. Calcd. for C24H21NO3S: C, 71.44; H, 5.25; N,
3.47; 0, 11.90; S, 7.95. Found: C, 71.35; H, 5.28; N, 3.52; S, 7.89.

N-Benzyl-4-methyl-N-(naphthalen-1-ylethynyl)benzenesulfonamide (1j):

Ts Colorless solid (667 mg, 81% vyield); mp 112-114 °C; Rf = 0.32 (4:1
% Z P hexane/EtOAC); [Silica, UV and 12]; 'H NMR (400 MHz, CDCls): 5 7.86 (d,
1] J = 8.4 Hz, 2H), 7.83-7.69 (m, 3H), 7.47—7.42 (m, 2H), 7.41-7.36 (m, 3H),
7.36-7.28 (m, 6H), 4.67 (s, 2H), 2.42 (s, 3H); 3C NMR (101 MHz, CDCls) § 144.7, 134.6,
134.4, 133.0, 132.9, 129.8, 129.2, 129.0, 128.6, 128.5, 128.4, 128.0, 127.9, 127.8, 126.5, 126.2,
126.1, 125.1, 120.5, 87.1, 69.9, 55.7, 21.6; IR (Neat)vmax 2224, 1649, 1594, 1539, 1495, 1446,
1260, 931, 843, 591 cm; MS (EI) m/z (%) 412 (M* + 1, 100); Anal. Calcd. for C2sHa1NO,S: C,

75.88; H, 5.14; N, 3.40; O, 7.78; S, 7.79. Found: C, 75.73; H, 5.18; N, 3.46; S, 7.71.

N-Methyl-N-(naphthalen-1-ylethynyl)-N-4-Methylbenzenesulfonamide (1k):

e Colorless solid (509 mg, 76% vyield); mp 119-121 °C; Rf = 0.28 (4:1
N‘CHa hexane/EtOAC); [Silica, UV and I2]; *H NMR (400 MHz, CDCls): § 8.26
O 1« | (d, J = 8.4 Hz, 1H), 7.83 (d, J = 7.6 Hz, 2H), 7.73 (d, J = 8.0 Hz, 1H), 7.67
(d, J =8.0 Hz, 1H), 7.57—7.48 (m, 2H), 7.42 (bt, J = 7.2 Hz, 1H), 7.30 (bt, J
= 7.2 Hz, 1H), 7.19 (d, J = 7.6 Hz, 2H), 3.18 (s, 3H), 2.26 (s, 3H); 13C NMR (101 MHz, CDCls)
0 144.7, 132.8, 132.80, 132.78, 130.5, 129.6, 129.2, 128.0, 127.9, 127.7, 127.4, 127.2, 126.4,
126.1, 125.7, 124.9, 120.0, 88.5, 67.2, 39.1, 21.2; IR (Neat)vmax 2230, 1594, 1550, 1364, 1260,

1167, 947, 800, 171 cm™: MS (El) m/z (%) 336 (M* + 1, 100); Anal. Calcd. for C20H17NO,S: C,
71.62; H,5.11; N, 4.18; O, 9.54; S, 9.56. Found: C, 71.56; H, 5.18; N, 4.23; S, 9.49.

N-Methyl-N-(phenanthren-9-ylethynyl)-N-4-Methylbenzenesulfonamide (1I):
- Pale yellow solid; (608 mg, 79% vyield); mp 120-121 °C; Rf = 0.29 (9:1
(L _~"crf hexane/EtOAC); [Silica, UV and I2]; *H NMR (400 MHz, CDCly): &
‘O 8.68-8.59 (m, 2H), 8.35-8.30 (m, 1H), 7.93-7.85 (m, 3H), 7.82-7.52 (m,
! 1H), 7.71-7.53 (m, 4H), 7.34 (d, J = 8.0 Hz, 2H), 3.28 (s, 3H), 2.42 (s, 3H);
13C NMR (101 MHz, CDCls) 6 144.9, 133.3, 131.2, 131.1, 130.7, 130.0, 130.0, 129.9, 128.3,
127.8, 127.2, 127.17, 127.03, 126.9, 126.8, 122.7, 122.6, 119.1, 88.2, 67.7, 39.4, 21.6; IR
(Neat)vmax 2926, 1600, 1523, 1446, 1167, 1084, 931, 860, 745 cm™1; MS (EI) m/z (%) 386 (M* +
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1, 100); Anal. Calcd. for C24H19NO,S: C, 74.78; H, 4.97; N, 3.63; O, 8.30; S, 8.32 Found: C,
74.65; H, 4.91; N, 3.72; S, 8.38.

N-((3-Fluorophenyl)ethynyl)-N,4-dimethylbenzenesulfonamide (1m):
TS Pale yellow semi solid; (533 mg, 88% vyield); R = 0.36 (4:1
F\©/ C”SI hexane/EtOAc); [Silica, UV and 1,]; *H NMR (400 MHz, CDCls): 5 7.86
1m (d, J = 8.4 Hz, 2H), 7.54 (d, J = 8.0 Hz, 2H), 7.45-7.38 (m, 1H), 7.24-7.18
(m, 3H), 3.15 (s, 3H), 2.44 (s, 3H); 3C NMR (101 MHz, CDCls) ¢ 162.3 (d, J = 245 Hz, 1C),
145.8, 132.7, 131.2 (d, J=9.0 Hz, 1C), 130.7, 128.1, 127.62, 127.60, 124.4 (d, J=10.0 Hz, 1C),
117.8 (d, , J = 23.0 Hz, 1C), 117.8 (d, J = 21 Hz, 1C), 58.7, 68.1, 21.6; *°F NMR (376 MHz,
CDCl3) 6-112.6; IR (Neat)vmax 12241, 1698, 1490, 1347, 1161, 1024, 767, 673 cm~*; MS (EI)
m/z (%) 304 (M* + 1, 100); Anal. Calcd. for C1sH14FNO2S: C, 63.35; H, 4.65; F, 6.26; N, 4.62;

0, 10.55; S, 10.57. Found: C, 63.41; H, 4.58; N, 4.56; S, 10.45.

N-((4-Fluorophenyl)ethynyl)-N,4-dimethylbenzenesulfonamide (1n):

Ts Brownish gummy solid; (394 mg, 65% vyield); Rf = 0.35 (9:1
Z %1 hexane/EtOAC); [Silica, UV and 12]; H NMR (400 MHz, CDCls): & 7.85
F " (d, J =8.4 Hz, 2H), 7.54 (d, J = 8.0 Hz, 2H), 7.46-7.40 (m, 2H), 7.22 (t, J

=9.2 Hz, 2H), 3.13 (s, 3H), 2.45 (s, 3H); 3C NMR (101 MHz, CDCl3) 6 163.4 (d, J = 247 Hz,
1C), 145.7, 134.0, 133.9, 132.7, 130.7, 128.1, 118.7, 118.7, 116.4 (d, J = 22 Hz, 1C), 84.3, 67.9,
21.6; F NMR (376 MHz, CDCl3) 6-111.2; IR (Neat)vmax 2230, 1698, 1600, 1358, 1161, 1084,
959 cm~t; MS (El) m/z (%) 304 (M* + 1, 100); Anal. Calcd. for C16H14FNO2S: C, 63.35; H, 4.65;
F, 6.26; N, 4.62; O, 10.55; S, 10.57. Found: C, 63.26; H, 4.69; N, 4.58; S, 10.45.

N-Benzyl-N-((5-bromopyridin-2-yl)ethynyl)-4-methylbenzenesulfonamide (1q):
= Colorless solid; (573 mg, 65% vyield); mp 126-127 °C; Rt = 0.2 (4:1
N = "o hexane/EtOAC); [Silica, UV and I2]; *H NMR (400 MHz, CDCls): & 8.54 (s,
Br N 1q 1H), 7.78 (d, J = 8.0 Hz, 2H), 7.68 (d, J = 8.0 Hz, 1H), 7.39-7.25 (m, 7H),
7.08 (d, J = 8.4 Hz, 1H), 4.61 (s, 2H), 2.43 (s, 3H); 3C NMR (101 MHz, CDCls) & 150.8, 144.9,
141.7,138.6, 134.6, 134.1, 129.8, 128.7, 128.6, 128.4, 127.7, 127.3, 119.0, 84.4, 71.0, 55.6, 29.7,
21.6; IR (Neat)vmax 2230, 1594, 1161, 1134, 1041, 827, 778, 657 cm~L; MS (EI) m/z (%) 304 (M*
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+ 1, 100); Anal. Calcd. for C21H17BrN20O2S: C, 71.48; H, 4.69; N, 7.25; O, 8.28; S, 8.30. Found:
C, 70.85; H, 4.88; N, 3.56; S, 8.31.

General Procedure for the Chlorination of 1; Synthesis of 2 (GP 2):

PPhs (1.2 equiv) H
EWG  ccl, (2 equiv) RIS
R'-—=—N e
R2 H,0 (1.5 equiv) EWG'N R2
1 DCM, rt, 2 h 2

To a solution of corresponding ynamide 1 (0.5 mmol), PPhs (0.6 mmol), and CCls (1.0 mmol) in
CHClI> (2.0 mL for 0.5 mmol) in a Schlenk tube was added H>O (0.75 mmol). The resulting mixture
was stirred at room temperature (25 °C). Progress of the reaction was monitored periodically by
TLC. Upon completion, the reaction mixture was diluted with CH2Cl, (10 mL). The crude mixture
was filtered through a small pad of Celite and concentrated under the reduced pressure. The crude

residue was purified through column chromatography on silica gel to provide 2.

(E)-N-Benzyl-N-(1-chloro-2-phenylvinyl)-4-methylbenzenesulfonamide (2a):

H Colorless solid; (E/Z = 99:1; 195 mg, 98% vyield); mp = 168-169 °C; Rt = 0.65
Cl

T\SN (4:1 hexane/EtOAC), [Silica, UV and I,]; *H NMR (400 MHz, CDClz): § 7.87
‘B

2a " (d, J = 8.4 Hz, 2H), 7.38-7.30 (m, 4H), 7.24-7.19 (m, 5H), 7.18-7.08 (m, 3H),

6.61 (s, 1H), 4.80 (bd, J = 9.6 Hz, 1H), 4.05 (bd, J = 10 Hz, 1H), 2.47 (s, 3H); 3C NMR (101
MHz, CDCl3) & 144.6, 135.0, 134.9, 133.4, 132.9, 129.8, 129.6, 128.9, 128.8, 128.5, 128.3,
128.2,128.1, 127.5, 52.4, 21.7; IR (Neat)vmax 1595, 1348, 1238, 1167, 1085, 937, 816, 740 cm™*;
HRMS (ESI) for C22H20CINNaO2S (M+Na)*: calcd 420.0801, found 420.0805.

(E)-N-(1-Chloro-2-m-tolylvinyl)-N,4-dimethylbenzenesulfonamide (2b):
H Colorless solid; (E/Z = 86:14; 164 mg, 97% yield); mp = 170-172 °C; Rt
Hacml ] = 0.65 (4:1 hexane/EtOAC), [Silica, UV and I2]. Major rotamer: *H NMR
2b *| (400 MHz, CDCls): & 7.77 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 8.0 Hz, 1H),
7.35-7.25 (m, 4H), 7.12 (d, J = 8.0 Hz, 1H), 6.62 (s, 1H), 3.02 (s, 3H), 2.43 (s, 3H), 2.34 (s, 3H)
ppm. *C NMR (101 MHz, CDCls) 6 144.4, 138.1, 134.4, 133.0, 132.5, 129.63, 129.57, 129.5,
128.8, 128.6, 128.3, 125.7, 35.7, 21.6, 21.4 ppm; Minor rotamer (selected signals): *H NMR (400
MHz, CDCls3): 6 7.40 (d, J = 8.0 Hz,), 6.9 (s), 3.07 (S), 2.44 (s), 2.36 (s) ppm; IR (Neat)vmax 2356,
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2338, 1631, 1356, 1163, 1087, 739 cm~:; HRMS (ESI) for C17H2CIN20,S (M+NH4)": calcd
353.1091, found 353.1091.

(E)-N-Benzyl-N-(1-chloro-2-(3,4-dimethylphenyl)vinyl)-4-methylbenzenesulfonamide (2c):
H Colorless solid; (E/Z = 96:4; 183 mg, 86% vyield); mp = 180-181 °C; Rf =
:im : l 0.64 (4:1 hexane/EtOAc), [Silica, UV and I;]; 'H NMR (400 MHz,
s n
2 CDCls): 6 7.83 (d, J = 8.0 Hz, 2H), 7.36-7.23 (m, 4H), 7.17-7.08 (m, 4H),
7.01 (s, 1H), 6.94 (d, J = 7.6 Hz, 1H), 6.54 (s, 1H), 4.78 (bd, J = 12.4 Hz, 1H), 4.07 (bd, J = 12.8
Hz, 1H), 2.41 (s, 3H), 2.17 (s, 3H), 2.12 (s, 3H); 3C NMR (101 MHz, CDCl3) 6 144.3, 137.2,
135.9, 135.1, 134.8, 133.6, 130.4, 129.7, 129.5, 129.3, 128.7, 128.1, 126.3, 126.2, 52.2, 21.5,
19.5; IR (Neat)vmax 1596, 1453, 1359, 1161, 1087, 1020, 852, 731 cmt; HRMS (ESI) for
C24H24CINO2SNa (M+Na)*: calcd 448.1114, found 448.1112.

(E)-Ethyl 4-(2-(N-benzyl-4-methylphenylsulfonamido)-2-chlorovinyl)benzoate (2d):
H o Colorless solid; (E/Z = 98:2; 107 mg, 73% vyield); mp = 138-140 °C; R =

Bn

B NT’S 0.34 (4:1 hexane/EtOAC), [Silica, UV and I2]; *H NMR (400 MHz, CDCls): §
E0,C 2q 7.89-7.82 (m, 4H), 7.35 (d, J = 8.4 Hz, 4H), 7.24-7.19 (m, 2H), 7.18-7.10
(m, 3H), 6.64 (s, 1H), 4.81 (bd, J = 12.8 Hz, 1H), 4.36 (g, J = 6.8 Hz, 2H),
4.03 (bd, J = 12.8 Hz, 1H), 2.46 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz, CDCl3): &
166.2, 144.7, 137.2, 134.7, 134.0, 133.2, 130.0, 129.8, 129.7, 129.5, 129.2, 128.9, 128.5, 128.4,
128.3, 60.9, 52.4, 21.6, 14.3; IR (Neat) vmax 1704, 1605, 1353, 1266, 1162, 773 cm™; HRMS

(ESI) for C25H24CINNaO4S (M+Na)™: calcd 492.1012, found 492.10009.

(E)-N-Benzyl-N-(1-chloro-2-(3-cyanophenyl)vinyl)-4-methylbenzenesulfonamide (2e):
H Pale yellow solid; (E/Z = 100:0; 101 mg, 92% yield); mp = 168-170 °C; R¢
NCO/T%(L‘;] _ 0.44 (41 hexane/EtOAc), [Silica, UV and I2]; 'H NMR (400 MHz,
2e CDCI3): 6 7.83 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.0 Hz, 1H), 7.44 (dt, J =
7.6, 1.2 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.30 (t, J = 7.6 Hz, 1H), 7.25-7.15 (m, 6H), 6.60 (s,
1H), 4.81 (bd, J = 12.4 Hz, 1H), 4.02 (bd, J = 12.8 Hz, 1H), 2.47 (s, 3H); 3C NMR (101 MHz,
CDClz): 6 144.9, 134.6, 134.1, 133.1, 132.7, 132.6, 131.7, 131.5, 130.1, 129.8, 129.7, 128.9,
128.7, 128.6, 128.5, 118.3, 112.2, 52.2, 21.6; IR (Neat) vmax 2219, 1595, 1359, 1233, 1162, 1014,
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904, 789, 663 cm™; HRMS (ESI) for C23H19CIN2NaO2S (M+Na)*: calcd 445.0753, found
445.0757.

(E)-N-Benzyl-N-(1-chloro-2-(3-formylphenyl)vinyl)-4-methylbenzenesulfonamide (2f):
H Colorless solid; (E/Z =100:0; 90 mg, 82% vyield); mp = 185-186 °C; Ri=
O“Cmc' I 0.37 (4:1 hexane/EtOAC), [Silica, UV and Io]; 'H NMR (400 MHz,
x| CDCl): 59.84 (s, 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.71 (d, J = 7.6 Hz, 1H),
7.63 (bs, 1H), 7.60 (br d, J = 7.6 Hz, 1H), 7.38-7.32 (m, 3H), 7.25-7.21
(m, 2H), 7.17-7.09 (m, 3H), 6.68 (s, 1H), 4.82 (bd, J = 12.4 Hz, 1H), 4.04 (bd, J = 12.8 Hz, 1H),
2.46 (s, 3H); 13C NMR (101 MHz, CDCls): & 192.0, 144.8, 136.1, 134.7, 134.3, 133.8, 133.6,
133.3, 130.7, 129.8, 129.7, 129.2, 128.8, 128.5, 128.3, 52.3, 21.6; IR (Neat) vmax 2920, 1638,
1348, 1156, 1025, 904 cm~t; HRMS (ESI) for C23H24CIN20sS (M+NH.4)*: calcd 443.1196, found
443.1194.

(E)-N-(2-(4-Acetylphenyl)-1-chlorovinyl)-N-benzyl-4-methylbenzenesulfonamide (29):
Colorless solid; (E/Z = 94:6; 80 mg, 73% yield); mp = 132-134 °C; Ri=

H
J@)\rc' 0.37 (4:1 hexane/EtOAc); [Silica, UV and I2]; 'H NMR (400 MHz,
H,COC TsN-g,
2g

CDCls): 5 7.85 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.4 Hz, 2H), 7.42-7.33
(m, 4H), 7.27-7.21 (m, 2H), 7.20-7.09 (m, 3H), 6.64 (s, 1H), 4.82 (bd, J
= 12.8 Hz, 1H), 4.03 (bd, J = 12.8 Hz, 1H), 2.57 (s, 3H), 2.47 (s, 3H); *C NMR (101 MHz,
CDCls): § 197.5, 144.8, 137.4, 136.5, 134.7, 133.9, 133.2, 129.8, 129.72, 129.67, 128.8, 128.7,
128.5, 128.3, 128.0, 52.4, 26.6, 21.6; IR (Neat) vmax 1671, 1266, 1162, 1085, 707 cmt; HRMS
(ESI) for C2sH22CINNaOsS (M+Na)*: calcd 462.0907, found 462.0909.

(E)-N-(1-Chloro-2-phenylvinyl)-N,4-dimethylbenzenesulfonamide (2h):

Colorless solid; (E/Z =100:0; 151 mg, 93% yield); mp =201-202 °C; R =
0.55 (4:1 hexane/EtOAc), [Silica, UV and I]; *H NMR (400 MHz, CDCls): §
7.81 (d, J=7.2 Hz, 2H), 7.63 (d, J = 7.6 Hz, 2H), 7.45-7.28 (m, 5H), 6.68 (s,
1H), 3.06 (s, 3H), 2.47 (s, 3H); 13C NMR (101 MHz, CDCls) § 144.5, 134.2,
133.1, 132.4, 129.8, 129.5, 128.9, 128.82, 128.77, 128.69, 35.7, 21.7; IR (Neat) vmax 1638, 1591,
1360, 1167, 1085, 960 cm~t; HRMS (ESI) for C16H20CIN202S (M+NHa)*: calcd 339.0934, found
339.0937.
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(E)-N-(1-Chloro-2-(2-methoxyphenyl)vinyl)-N,4-dimethylbenzenesulfonamide (2i):
Colorless solid; (E/Z = 99:1; 118 mg, 67% vyield); mp =130-132 °C; Rf =
0.59 (4:1 hexane/EtOAc), [Silica, UV and I2]; *H NMR (400 MHz, CDCls): &
7.86 (dd, J = 8.0, 1.6 Hz, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.32-7.24 (m, 3H),
7.04 (s, 1H), 6.96 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 3.82 (s, 3H),
3.00 (s, 3H), 2.42 (s, 3H); °C NMR (101 MHz, CDCls) & 156.8, 144.2, 134.3, 129.9, 129.5,
129.4, 128.7, 128.6, 126.5, 122.0, 120.7, 110.6, 55.5, 35.8, 21.6; IR (Neat) vmax 1593, 1492,
1349, 1250, 1159, 962, 763, cm~t; HRMS (ESI) for C17H22CIN203S (M+NHa)*: calcd 369.1040,
found 369.1040.

(E)-N-Benzyl-N-(1-chloro-2-(naphthalen-1-yl)vinyl)-4-methylbenzenesulfonamide (2)):
Colorless solid; (E/Z =100:0; 202 mg, 90% vyield); mp =193-195 °C; Rs=
C| 0.57 (4:1 hexane/EtOAc); [Silica, UV and I2]; *H NMR (500 MHz, CDCls):
,- N-g, | 57.76 (d, J=6.5 Hz, 2H), 7.73 (dd, J = 8.0, 4.5 Hz, 2H), 7.46 (d, J = 7.0 Hz,
1H), 7.42-7.36 (m, 2H), 7.33 (t, J = 8.0 Hz, 1H), 7.31-7.27 (m, 1H), 7.25
(bs, 1H), 7.23 (bs, 2H), 6.92— 6.87 (m, 2H), 6.86—6.76 (m, 3H), 4.56 (bs, 1H), 4.05 (bs, 1H),
2.40 (s, 3H); 13C NMR (125.7 MHz, CDCls) § 144.4, 134.9, 133.1, 133.03, 132.97, 131.2, 129.8,
129.4,129.3, 129.2, 128.8, 128.6, 128.1, 127.84, 127.81, 126.6, 125.9, 125.5, 125.2, 123.9, 52.3,

21.6; IR (Neat)vmax1580, 1345, 1086, 919, 873, 798, 776, 704 cm™; HRMS (ESI) for
C26H22CINNaO,S (M+Na)*: calcd 470.0957, found 470.0958.

(E)-N-(1-Chloro-2-(naphthalen-1-yl)vinyl)-N,4-dimethylbenzenesulfonamide (2K):
Colorless solid; (E/Z = 100:0; 175 mg, 94% yield); mp = 201-203 °C; Rf=
CI 0.55 (4:1 hexane/EtOAc); [Silica, UV and I2]; *H NMR (500 MHz, CDCls): &
O TN-chy | 7.91-7.86 (m, 1H), 7.85-7.81 (m, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.70 (d, J
- =7.0 Hz, 1H), 7.53 (bd, J = 7.0 Hz, 2H), 7.50-7.46 (m, 2H), 7.44 (t, J=7.8
Hz, 1H), 7.27 (s, 1H), 7.06 (d, J = 8.0 Hz, 2H), 2.99 (s, 3H), 2.29 (s, 3H); 3C NMR (101 MHz,
CDCIs) 6 144.0, 134.3, 133.4, 131.9, 131.2, 130.2, 130.1, 129.2, 128.8, 128.5, 128.3, 126.4,

126.3,125.9, 125.4, 123.8, 36.2, 21.5; IR (Neat)vmax 1644, 1594, 1085, 924, 891, 779, 705 cm™*;
HRMS (ESI) for C20H1sCINO2SNa (M+Na)*: calcd 394.0644, found 394.0643.
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(E)-N-(1-Chloro-2-(phenanthren-9-yl)vinyl)-N,4-dimethylbenzenesulfonamide (2I):

Yellow gummy liquid; (E/Z = 94:6; 177 mg, 84% yield); mp = 223-226 °C;
OO H\ cl Ri = 0.65 (4:1 hexane/EtOAC); [Silica, UV and I.]; Major rotamer: H NMR
O ™Nchs | (400 MHz, CDCls): 5 8.67 (d, J = 7.6 Hz, 1H), 8.63 (d, J = 8.4 Hz, 1H), 7.93

21 (dd, J = 8.0, 0.8 Hz, 1H), 7.88-7.79 (m, 2H), 7.71-7.55 (m, 4H), 7.44 (d, J =

8.4 Hz, 2H), 7.25 (bs, 1H), 6.84 (d, J = 8.0 Hz, 2H), 3.04 (s, 3H), 2.17 (s, 3H); 3C NMR (101

MHz, CDCls) ¢ 143.8, 134.7, 132.5, 131.2, 130.28, 130.26, 130.23, 130.17, 129.1, 129.0, 128.8,

128.0, 127.6, 127.1, 126.8, 126.74, 126.66, 124.7, 122.9, 122.5, 122.3, 36.4, 21.4; Minor rotamer

(selected signals): 'H NMR (400 MHz, CDCls): & 7.23 (s), 3.17 (s), 2.40 (s); **C NMR (101

MHz, CDCls) & 129.7, 128.21, 31.5, 22.6; IR (Neat)vmax 2360, 1637, 1353, 1164, 1087, 964

cm=1; HRMS (ESI) for C24H24CIN202S (M+NH.4)*: calcd 439.1247, found 439.1247.

(E)-N-(1-Chloro-2-(3-fluorophenyl)vinyl)-N,4-dimethylbenzenesulfonamide (2m):
u Yellow semi solid; (E/Z = 79:21; 160 mg, 94% yield); mp = 188-190 °C Rs
F\©)\(c' = 0.52 (4:1 hexane/EtOAC); [Silica, UV and I2]; Major rotamer: H NMR
TSN‘CHa
2m

(400 MHz, CDCls): 6 7.78 (d, J = 8.0 Hz, 2H), 7.39-7.28 (m, 6H), 6.62 (s,

1H), 3.03 (s, 3H), 2.44 (s, 3H); 3C NMR (101 MHz, CDCls) 6 162.8 (d, J =
244.0 Hz, 1C), 144.6, 135.1, 134.1, 131.2, 130.1, 129.6, 129.3, 128.2, 124.6 (d, J = 3.0 Hz, 1C),
115.8 (d, J = 21.2 Hz, 1C), 115.3 (d, J = 23.2 Hz, 1C), 35.7, 21.6; °F NMR (376 MHz, CDCls)
5-111.5; Minor rotamer (selected signals): tH NMR (400 MHz, CDCls): § 7.05-6.98 (m), 6.90
(s), 3.07 (s), 2.45 (s); ®°C NMR (101 MHz, CDCl3) 6 162.5 (d, J = 247 Hz, 1C), 144.4, 135.1,
134.4, 131.1, 130.0, 129.7, 129.3, 128.2, 125.6 (d, J = 2.0 Hz, 1C), 115.9 (d, J = 21 Hz, 1C),
115.7 (d, J = 19 Hz, 1C), 35.9; IR (Neat) vmax 1448, 1352, 1162, 994, 810, 784, 723, 706 cm™*;
HRMS (ESI) for C16H19CIFN202S (M+NH4)*: calcd 357.0840, found 357.0841.

(E)-N-(1-Chloro-2-(4-fluorophenyl)vinyl)-N,4-dimethylbenzenesulfonamide (2n):
Pale yellow solid, (E/Z = 78:22; 155 mg, 91% yield); mp = 170-172 °C Rs =
H
D)\(C' 0.53 (4:1 hexane/EtOAC); [Silica, UV and I2]; Major rotamer: *H NMR (500
TsN.
F CHj;
2n

MHz, CDCls): § 7.71 (d, J = 8.5 Hz, 2H), 7.55-7.50 (m, 2H), 7.25 (t, J =
6.4 Hz, 2H), 7.19 (s, 1H), 7.0-6.95 (m, 2H), 6.54 (s, 1H), 2.95 (s, 2H), 2.37
(s, 3H); 23C NMR (125.8 MHz, CDCls) § 163.7 (d, J = 249.1 Hz, 1C), 144.6, 134.1, 131.2, 130.6
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(d, J =8.8 Hz, 1C), 129.6, 128.8, 128.3, 115.72 (d, J = 21.4 Hz, 1C), 35.7, 21.7; °F NMR (376
MHz, CDCl3) 6§-112.5 (s); Minor rotamer (selected signals): *H NMR (500 MHz, CDCls): §
7.68 (d), 6.54 (s), 2.38 (s), 3.0 (s), °C NMR (125.8 MHz, CDCls) 6 131.3 (d, J = 7.5 Hz, 1C),
129.7, 129.4, 129.31, 129.28, 115.3 (d, J =21.4 Hz, 1C); IR (Neat) vmax 1502, 1349, 1081, 963,
818, 710 cm™; HRMS (ESI) for C16H19CIFN20,S (M+NH4)*: calcd 357.0840, found 357.0840.

(E)-tert-Butyl 1-chloro-2-phenylvinyl(phenyl)carbamate (20):

Colorless solid; (E/Z = 99:1; 213 mg, 97% vyield); mp =182-184 °C; Rt =
0.65 (4:1 hexane/EtOAC); [Silica, UV and I,]; *H NMR (400 MHz, CDCls): §
7.43-7.37 (m, 4H), 7.36-7.30 (m, 4H), 7.30-7.27 (m, 1H), 7.25-7.17 (m,
1H), 6.68 (s, 1H), 1.34 (s, 9H), 3C NMR (101 MHz, CDCls) & 151.8, 138.9,
133.8, 130.3, 128.90, 128.86, 128.7, 128.5, 127.6, 126.3, 124.4, 82.6, 27.9; IR (Neat)vmax 3057,
2980, 2926, 1725, 1638, 1599, 1490, 1451, 1391, 1369, 1287, 1237, 1150, 1002, 892, 843 cm™*;
HRMS (ESI) for C19H20CINNaO, (M+Na)*: calcd 352.1080, found 352.1080.

(E)-N-Benzyl-N-(1-chloropent-1-enyl)-4-methylbenzenesulfonamide (2p):
Colorless solid; (E/Z =99:1; 213 mg, 93% vyield); mp =168-170 °C; R¢ =
/\/yc' 0.35 (4:1 hexane/EtOAcC); [Silica, UV and I]; *H NMR (400 MHz, CDCls): §
e | 788777 (m, 2H), 7.40-7.26 (m, 7H), 5.74-5.65 (m, 1H), 4.80 (d, J = 13.2
Hz, 1H), 3.92 (d, J = 13.2 Hz, 1H), 2.45 (s, 3H), 2.08-1.72 (m, 2H),
1.17-0.97 (m, 1H), 0.81-0.67 (m, 1H), 0.67-0.61 (m, 3H), 3C NMR (101 MHz, CDCls) ¢
144.3, 137.8, 135.6, 134.5, 129.6, 128.41, 128.37, 128.2, 125.3, 51.4, 31.3, 21.7, 21.5, 13.5; IR
(Neat)vmax 1596, 1356, 1261, 1167, 1040, 904, 784, 752, cm=l; HRMS (ESI) for

C19H22CINNaO,S (M+Na)*: calcd 386.0957, found 386.0953.

2p

(E)-N-Benzyl-N-(2-(5-bromopyridin-2-yl)-1-chlorovinyl)-4-ethylbenzenesulfonamide (2q):
H Brownish gummy liquid; (E/Z = 94:6; 213 mg, 77% yield); Rf= 0.51 (30%
Cl
m I hexane/EtOAC); [Silica, UV and I2]; Major rotamer: *H NMR (500 MHz,
Br Z N Bn
2q

CDCls): 5 8.45 (s, 1H), 7.86 (d, J = 8.0 Hz, 2H), 7.64-7.61 (m, 2H), 7.36 (d,
J =85 Hz, 2H), 7.28-7.23 (m, 2H), 7.22-7.13 (m, 3H), 6.76 (s, 1H), 4.85
(bs, 1H), 4.06 (bs, 1H), 2.47 (s, 3H), 3C NMR (101 MHz, CDCls) ¢ 150.5, 149.98, 144.9, 138.5,
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134.7, 132.3, 131.5, 129.8, 129.7, 128.8, 128.6, 128.4, 124.3, 119.8, 52.6, 21.7; Minor rotamer
(selected signals): 7.80 (d, J = 8.5 Hz), 7.65 (bd, J = 2.0 Hz), 7.60 (bd, J = 8.5 Hz), 6.72 (s), 2.46
(s); 3C NMR (101 MHz, CDCl3) ¢ 150.6, 129.8, 128.8, 128.6, 128.1; IR (Neat)vimax 1640, 1548,
1494, 1306, 1287, 1088, 1023, 879, 740 cm~*; HRMS (ESI) for C21H1sBrCIN,NaO2S (M+Na)*:
calcd 498.9859, found 498.9866.

(E)-N-Benzyl-N-(1-chloro-2-(thiophen-2-yl)vinyl)-4-methylbenzenesulfonamide (2r):
Brownish solid; (E/Z = 95:5; 174 mg, 86% yield); mp = 178-180 °C; Rf=0.57
(4:1 hexane/EtOAC); [Silica, UV and I2]; *H NMR (400 MHz, CDCls): & 7.89
(d, J = 8.0 Hz, 2H), 7.36 (d, J = 7.6 Hz, 4H), 7.25 (bd, J = 4.8 Hz, 1H), 7.16
(bd, J = 5.6 Hz, 3H), 6.99 (d, J = 3.2 Hz, 1H), 6.85 (t, J = 4 Hz, 1H), 6.77 (s,
1H), 4.89 (d, J = 12.8 Hz, 1H), 3.97 (d, J = 12.4 Hz, 1H), 2.47 (s, 3H); *C NMR (101 MHz,
CDCl3) o0 144.6, 135.5, 134.6, 133.0, 130.2, 129.9, 129.6, 129.1, 128.7, 128.4, 128.0, 127.8,
125.9, 124.7, 52.4, 21.7; IR (Neat)vmax 1594, 1086, 858, 808, 772, 715, 703 cm~t; HRMS (ESI)
for C20H19CINO2S, (M+H)*: calcd 404.0546, found 404.0546.

General Procedure for the Bromination of 1; Synthesis of 3 (GP 3):

PPh3 (1.2 equiv) H
EWG  CBry (1.2equiv)  g1xBr
R'-—=—N _— \
R2 H,0 (1.5 equiv) EWwG " R2
1 DCM, rt, 5 h 3

To a solution of corresponding ynamide 1 (0.5 mmol), PPhz (0.6 mmol), and CBrs (0.6 mmol) in
CHCI> (2.0 mL for 0.5 mmol) in a Schlenk tube was added H>O (0.75 mmol). The resulting
homogeneous mixture was stirred at room temperature (25 °C). Progress of the reaction was
monitored periodically by TLC. The reaction mixture became heterogeneous after stirring for 5
h. Upon completion, the reaction mixture was diluted with CH.Cl, (10 mL). The crude mixture
was filtered through a small pad of Celite and concentrated under the reduced pressure. The

crude residue was purified through column chromatography on silica gel to provide 3.
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(E)-N-Benzyl-N-(1-bromo-2-phenylvinyl)-4-methylbenzenesulfonamide (3a):

Colorless solid; (E/Z= 98:2; 213 mg, 96% yield); mp = 168-170 °C; Rf= 0.65
(4:1 hexane/EtOAc); [Silica, UV and I2]; Mixture of rotamers; *H NMR (400
MHz, CDCl): § 7.90 (d, J = 8.0 Hz, 2H), 7.38 (bd, J = 8.0 Hz, 3H), 7.34 (bd, J
= 6.4 Hz, 2H), 7.28 (bd, J = 5.2 Hz, 2H), 7.23 (bt, J = 7.6 Hz, 2H), 7.18-7.11
(m, 3H), 6.85 (s, 1H), 4.86 (d, J = 13.2 Hz, 1H), 3.97 (d, J = 12.8 Hz, 1H), 2.5 (s, 3H); 1*C NMR
(101 MHz, CDCIs) 0 144.8, 139.8, 134.3, 133.6, 133.2, 129.9, 129.6, 129.2, 128.7, 128.6, 128.4,
128.2,128.1, 119.7, 53.4, 21.7; IR (Neat)vmax 1349, 1164, 1155, 1087, 1012, 866, 820, 747 cm™;
HRMS (ESI) for C22H24BrN20,S (M+NHa)*: calcd 459.0742, found 459.0738.

(E)-N-Benzyl-N-(1-bromo-2-(3,4-dimethylphenyl)viny)-4-methylbenzenesulfonamide (3b):
" Colorless solid; (E/Z= 88:12; 221 mg, 94% yield); mp = 205-208 °C; Rs
H3Cm3r = 0.65 (4:1 hexane/EtOAc); [Silica, UV and I2]; Major rotamer: *H NMR
HyC TsN.Bn
3b

(400 MHz, CDCl3): & 7.84 (d, J = 8.4 Hz, 2H), 7.38-7.27 (m, 4H),

7.21-7.11 (m, 3H), 7.07 (d, J = 7.6 Hz, 1H), 7.00 (s, 1H), 6.93 (d, J = 7.6
Hz, 1H), 6.76 (s, 1H), 4.82 (d, J = 13.2 Hz, 1H), 4.00 (d, J = 13.2 Hz, 1H), 2.43 (s, 3H), 2.19 (s,
3H), 2.11 (s, 3H); ¥C NMR (101 MHz, CDCls) § 144.6, 139.7, 137.5, 136.0, 134.7, 133.6,
131.3, 130.0, 129.8, 129.6, 129.4, 129.1, 128.32, 128.28, 126.3, 118.7, 53.3, 21.7, 19.7, 19.6;
Minor rotamer (selected signals): 7.64 (d, J = 8.0 Hz), 7.24 (d, J = 9.6 Hz), 5.06 (s), 3.76 (s),
2.40 (s), 2.20 (s); °C NMR (101 MHz, CDCls) 5 129.7, 128.7, 128.5, 128.1, 127.7; IR (Neat)
1363, 1109, 1020, 906, 813, 767, 720 cm™; HRMS (ESI) for C2sH24BrNNaO2S (M+Na)*: calcd
492.0609, found 492.0599.

(E)-N-(1-Bromo-2-(naphthalen-1-yl)vinyl)-N,4-dimethylbenzenesulfonamide (3c):
Colorless solid; (E/Z = 96:4; 183 mg, 88% vyield); mp =168-171 °C; Ry
Br =0.5 (4:1 hexane/EtOAc); [Silica, UV and I2]; Mixture of rotamers: *H
3CTSN‘CH3 NMR (400 MHz, CDCls): & 7.83-7.69 (m, 4H), 7.60 (d, J = 7.2 Hz, 1H),
7.46-7.39 (m, 5H), 7.35 (bt, J = 7.6 Hz, 1H), 6.96 (d, J = 8.0 Hz, 2H), 2.87

(s, 3H), 2.19 (s, 3H); °C NMR (101 MHz, CDCl3) § 144.1, 135.1, 133.8, 133.4, 131.02, 130.97,
129.2, 128.8, 128.5, 128.4, 126.3, 126.1, 125.9, 125.4, 123.8, 123.3, 37.0, 21.5; IR (Neat)vmax
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1593, 1400, 1132, 1021, 893, 927, 775, 704 cm~; HRMS (ESI) for C20H1sBrNO2SNa (M+Na)*:
calcd 438.0139, found 438.0139.

(E)-N-(1-Bromo-2-(phenanthren-9-yl)vinyl)-N,4-dimethylbenzenesulfonamide (3d):
Yellow gummy liquid; (E/Z = 98:2; 203 mg, 87% vyield); Rs = 0.53 (4:1
O H\ Br | hexane/EtOAc); [Silica, UV and I2]; Major rotamer: *H NMR (400 MHz,
g TsN-cy, | CDCla): & 8.67 (bd, J = 8.0 Hz, 1H), 8.62 (bd, J = 8.0 Hz, 1H), 7.92 (d, J
3 =7.6 Hz, 1H), 7.87-7.77 (m, 2H), 7.71-7.54 (m, 4H), 7.52-7.39 (m, 3H),
6.83 (d, J = 8.0 Hz, 2H), 3.00 (s, 3H), 2.16 (s, 3H); 13C NMR (400 MHz, CDCl3) & 143.9, 135.2,
134.4, 131.2, 130.3, 130.2, 129.9, 129.6, 129.1, 129.0, 128.1, 127.3, 127.1, 126.8, 126.73,
126.67, 124.7, 123.7, 122.9, 122.3, 37.2, 21.4; Minor rotamer (selected signals): 7.30 (d, J = 8.0

Hz), 3.13 (s), 2.40 (s); IR (Neat) vmax 1451, 1163, 826, 768, 715, 704 cm; HRMS (ESI) for
CaaH24BrN202S(M+NHa)*: calcd 483.0742, found 483.0745.

(E)-N-Benzyl-N-(1-bromo-2-(5-bromopyridin-2-yl)vinyl)-4-ethylbenzenesulfonamide (3e):
H Pale yellow liquid; (E/Z = 99:1; 201 mg, 77% vyield); Rf = 0.50 (2.3:1
/@2\(& hexane/EtOAC); [Silica, UV and I]; *H NMR (400 MHz, CDCls): & 8.42
_N TsN.
Br Bn
3e

(bd, J = 2.0 Hz, 1H), 7.87 (d, J = 8.4 Hz, 2H), 7.64-7.56 (m, 2H), 7.36 (d, J

= 8.12 Hz, 2H), 7.33-7.28 (m, 2H), 7.23-7.14 (m, 3H), 7.0 (s, 1H), 4.88 (d,
J=13.2 Hz,1H), 3.97 (d, J = 13.2 Hz, 1H), 2.47 (s, 3H); 3C NMR (101 MHz, CDCls) § 150.9,
150.0, 145.1, 139.3, 138.6, 134.2, 133.2, 129.83, 129.76, 129.1, 128.6, 128.4, 124.2, 123.7,
119.8, 53.6, 21.8; IR (Neat)vmax 1349, 1166, 1091, 812, 738, 700, 658, 638 cm~; HRMS (ESI)
for C21H19BraN202S (M+H)™: calcd 520.9534, found 520.9537.

(E)-N-Benzyl-N-(1-bromo-2-(thiophen-2-yl)vinyl)-4-methylbenzenesulfonamide (3f)

Brown solid; (E/Z = 96:4; 213 mg, 83% Yyield,); mp = 156-158 °C; Rt = 0.57
(4:1 hexane/EtOAC); [Silica, UV and I2]; *H NMR (400 MHz, CDCls): § 7.90
(d, J = 8.0 Hz, 2H), 7.44-7.34 (m, 4H), 7.28-7.23 (m, 1H), 7.21-7.12 (m,
3H), 6.99 (bd, J = 3.6 Hz, 1H), 6.97 (s, 1H), 6.84 (t, J = 4.4 Hz, 1H), 4.92 (d, J
= 12.8 Hz, 1H), 3.87 (d, J = 12.8 Hz, 1H), 2.47 (s, 3H); 3C NMR (101 MHz, CDCls) J 144.8,
136.2, 134.1, 133.1, 132.9, 130.3, 130.1, 129.6, 129.4, 128.4, 128.0, 127.8, 125.9, 116.6, 53.4,
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21.7; IR (Neat)vmax 1455, 1362, 1166, 1021, 742, 703, 671, 609 cmt; HRMS (ESI) for
CaoH19BrNO2S; (M+H)*: calcd 448.0041, found 448.0040.

(E)-N-Benzyl-N-(1-bromopent-1-enyl)-4-methylbenzenesulfonamide (39):

H Colorless solid; (E/Z = 99:1; 201 mg, 85% vyield); mp =76-78 °C; Rs. = 0.35

/\/JT\NrBr (4:1 hexane/EtOAC); [Silica, UV and I2]; *H NMR (400 MHz, CDCls): § 7.83
SN.

g °" (d, J=8.4 Hz, 2H), 7.42-7.25 (m, 7H), 5.91 (dd, J =9.2, 6.0 Hz, 1H), 4.82 (d,

J=13.2 Hz, 1H), 3.84 (d, J = 13.6 Hz, 1H), 2.46 (s, 3H), 2.06-1.88 (m, 1H), 1.87-1.73 (m, 1H),
1.13-0.98 (m, 1H), 0.81-0.68 (m, 1H), 0.63 (br t, J = 7.2, Hz, 3H); 3C NMR (101 MHz, CDCl5)
0 144.4, 142.8, 135.2, 134.4, 129.7, 129.6, 128.6, 128.4, 128.3, 116.5, 52.2, 32.5, 21.7, 21.3,
13.5; IR (Neat)vmax 1596, 1494, 1356, 1209, 1167, 1027, 747, 699 cm-t; HRMS (ESI) for
C19H26BrN202S (M+NH.)*: calcd 425.0898, found 425.0898.

General Procedure for the lodination of 1; Synthesis of 4 (GP 4):

PPhs (1.2 equiv) H

R N.EWG CHI3 (1.2 equiv) RM\(I

R? H,0 (1.5equiv) gwa N R?
1 DCM, 1t, 5 h 4

To a solution of corresponding ynamide 1 (0.5 mmol), PPhz (0.6 mmol), and CHI3z (0.6 mmol) in
CH2CI> (2.0 mL for 0.5 mmol) in a Schlenk tube was added H>O (0.75 mmol). The resulting
homogeneous mixture was stirred at room temperature (25 °C). Progress of the reaction was
monitored periodically by TLC. The reaction mixture became heterogeneous after stirring for 5
h. Upon completion, the reaction mixture was diluted with CH>Cl> (10 mL). The crude mixture
was filtered through a small pad of Celite and concentrated under the reduced pressure. The

crude residue was purified through column chromatography on silica gel to provide 4.

(E)-N-Benzyl-N-(1-lodo-2-phenylvinyl)-4-methylbenzenesulfonamide (4a):

Reddish-orange solid; (E/Z = 99:1; 235 mg, 96% yield); mp = 212-114 °C; Rf=
0.65 (4:1 hexane/EtOAc); [Silica, UV and I,]; *H NMR (400 MHz, CDCls): §
7.85 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.29 (bd, J = 7.6 Hz, 4H),
7.24-7.09 (m, 7H), 4.86 (d, J = 13.2 Hz, 1H), 3.62 (d, J = 13.2 Hz, 1H), 2.47 (s,
3H); 13C NMR (101 MHz, CDCl3) & 148.3, 144.9, 134.9, 133.3, 132.98, 130.0, 129.63, 129.58,
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128.8, 128.7, 128.4, 128.2, 128.0, 98.0, 55.2, 21.8; IR (Neat)vmax1594, 1349, 1155, 1021, 910,
860, 761 cm™; HRMS (ESI) forC22H20INNaO,S (M+Na)*: calcd 512.0157, found 512.0158.

(E)-N-Benzyl-N-(1-iodo-2-(3,4-dimethylphenyl)vinyl)-4-methylbenzenesulfonamide  (4b):
} Colorless solid; (E/Z = 91:9; 164 mg, 84% yield); mp = 186-189 °C; Rs=

HaC ! 0.64 (4:1 hexane/EtOAc); [Silica, UV and I2]; Major rotamer *H NMR
HG ™Nen | (400 MHz, CDCls): 5 7.83 (d, J = 8.4 Hz, 2H), 7.41-7.31 (m, 5H),
7.21-7.13 (m, 3H), 7.09-7.03 (m, 2H), 6.99 (s, 1H), 6.91 (d, J = 7.6 Hz,

1H), 4.85 (d, J = 13.2 Hz, 1H), 3.67 (d, J = 13.2 Hz, 1H), 2.45 (s, 3H), 2.16 (s, 3H), 2.11 (s, 3H);
13C NMR (101 MHz, CDCl3) & 148.2, 144.7, 137.6, 135.9, 133.8, 133.3, 132.6, 130.1, 129.9,
129.6, 129.5, 129.3, 128.33, 128.27, 126.4, 96.9, 55.1, 21.7, 19.7, 19.6; Minor rotamer (selected
signals) 'H NMR (400 MHz, CDCls): & 7.24 (s), 2.20 (d, J = 3.2 Hz); 3C NMR (101 MHz,
CDCl3) & 129.7, 129.4, 128.7, 128.5; IR (Neat) vmax 1598, 1401, 1022, 812, 743, 715 cm™;

HRMS (ESI) for CzaHz5INO2S (M+H)*: calcd 518.0651, found 518.0649.

(E)-N-(1-lodo-2-(2-methoxyphenyl)vinyl)-N,4-dimethylbenzenesulfonamide (4c):

Colorless solid; (E/Z =76:24; 133 mg, 60% vyield); mp = 163-165 °C; Rs =
0.48 (4:1 hexane/EtOAC); [Silica, UV and I2]; Major rotamer: *H NMR (400
MHz, CDCls): 6 7.86 (dd, J = 7.6, 1.6 Hz, 1H), 7.72 (d, J = 8.0 Hz, 2H), 7.51
(s, 1H), 7.29-7.23 (m, 3H), 6.93 (t, J = 5.2 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H),
3.80 (s, 3H), 2.80 (s, 3H), 2.42 (s, 3H); 3C NMR (101 MHz, CDCls) § 156.5, 144.4, 139.7,
130.1, 129.5, 129.3, 129.2, 128.7, 123.9, 120.7, 110.6, 97.7, 55.5, 38.3, 21.6; Minor rotamer
(selected signals): 7.85 (d, J = 1.6 Hz), 7.77 (d, J = 8.0 Hz), 7.62 (d, J=8.0Hz), 7.57 (d,J=7.6
Hz), 7.38-7.32 (m), 7.30 (d, J = 1.6 Hz), 6.85 (d, J = 8.4 Hz), 3.83 (s), 2.89 (s), 2.45 (s), 13C
NMR (101 MHz, CDCIs) ¢ 157.1, 144.3, 133.9, 133.0, 130.4, 130.1, 128.7, 127.6, 127.6, 124.9,
121.0, 119.9, 110.5, 101.4, 38.8; IR (Neat) vmax 1437, 1342, 1135, 1086, 892, 751, 705 cm™;
HRMS (ESI) for C17H18INNaOsS (M+Na)*: calcd 465.9950, found 465.9951.

(E)-Ethyl 4-(2-(N,4-dimethylphenylsulfonamido)-2-iodovinyl)benzoate (4d)

H Colorless solid (E/Z =99:1; 133 mg, 94% yield); mp = 176-179 °C; Rf =
> 0.38 (4:1 hexane/EtOAc); [Silica, UV and I2]; 'H NMR (400 MHz,

TsN.
Et0,C SNgn

4d
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CDCls): & 7.88-7.79 (m, 4H), 7.36 (d, J = 8.4 Hz, 2H), 7.33-7.28 (m, 4H), 7.21-7.13 (m, 4H),
4.88 (d, J = 13.2 Hz, 1H), 4.36 (g, J = 7.2 Hz, 2H), 3.62 (d, J = 13.2, 1H), 2.47 (s, 3H), 1.39 (t, J
= 7.2 Hz, 3H); 13C NMR (101 MHz, CDCls) 6 166.2, 147.2, 145.1, 139.0, 133.2, 132.8, 130.1,
129.98, 129.7, 129.5, 129.3, 128.6, 128.5, 128.4, 100.6, 61.0, 55.3, 21.8, 14.3; IR (Neat) vimax
1496, 1456, 1309, 1125, 907, 750, 685 cmL; HRMS (ESI) for CosHasINNaO4S (M+Na)*: calcd
584.0368, found 584.0374.

(E)-N-Benzyl-N-(1-iodo-2-(naphthalen-1-yl)vinyl)-4-methylbenzenesulfonamide (4e):

Pale yellow solid; (E/Z = 92:8; 229 mg, 89% yield); mp = 193-195 °C; Rf=
0.58 (4:1 hexane/EtOAc); [Silica, UV and I2]; Mixture of rotamers; *H NMR
(400 MHz, CDCls): & 7.79-7.71 (m, 5H), 7.46-7.35 (m, 2H), 7.33-7.23 (m,
5H), 7.04-6.96 (m, 2H), 6.91-6.79 (m, 3H), 4.66 (d, J = 12.8 Hz, 1H), 3.65
(d, J = 13.6 Hz, 1H), 2.40 (s, 3H); *C NMR (101 MHz, CDCl3) ¢ 147.0, 144.6, 133.7, 132.9,
132.6, 132.0, 130.7, 129.6, 129.4, 129.4, 128.6, 128.0, 127.9, 126. 2, 125.9, 125.5, 125.2, 123.9,
99.1, 54.6, 21.7 IR (Neat)vmax 1595, 1345, 1163, 1087, 920, 870, 812, 658 cm~*; HRMS (ESI) for
Co6H22INO2SNa (M+Na)*: calcd 562.0314, found 562.0305.

(E)-N-(1-lodo-2-(phenanthren-9-yl)vinyl)-N,4-dimethylbenzenesulfonamide(4f):

Yellow semisolid; (E/Z = 84:16; 251 mg, 98% yield); R =0.53 (4:1
hexane/EtOAC); [Silica, UV and I,]; Major rotamer: *H NMR (400 MHz,
CDCl3): 5 8.68 (dd, J =8.4, 1.2 Hz, 1H), 8.63 (d, J = 8.4 Hz, 1H),
7.93-7.87 (m, 1H), 7.84-7.78 (m, 2H), 7.75 (bd, J =0.8 Hz, 1H),
7.73-7.56 (m, 4H), 7.40 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 8.0 Hz, 2H), 2.86 (s, 3H), 2.16 (s, 3H);
13C NMR (101 MHz, CDCls) § 144.0, 134.0, 131.2, 131.0, 130.3, 130.2, 129.7, 129.65, 129.1,
129.0, 128.8, 128.3, 127.2, 127.17, 126.8, 126.7, 126.69, 124.7, 122.9, 122.4, 100.3, 38.8, 21.4,
Minor rotamer (selected signals): 8.73-8.70 (m), 8.17-8.13 (m), 7.33 (d, J = 8.0 Hz), 3.0 (s),
2.42 (s); *C NMR (101 MHz, CDCls) & 144.0, 140.0, 128.0, 127.1, 126.9, 125.5, 122.9, 122.6,
38.9, 21.51; IR (Neat) vmax 1449, 1351, 1160, 941, 891, 745, 713 cm; HRMS (ESI) for
C24H24IN202S (M+NH,)*: calcd 531.0603, found 531.0603.
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(E)-N-Benzyl-N-(1-iodo-2-(5-bromopyridin-2-yl)vinyl)-4-methylbenzenesulfonamide  (49):
9y pale yellow liquid; (E/Z = 99:1; 211 mg, 78% vyield); R = 0.5 (2.3:1
N Y hexane/EtOAC); [Silica, UV and 1,]; *H NMR (400 MHz, CDCls): & 8.43 (s,
Br I N TSN“Bn
49

1H), 7.86 (bd, J = 8.0 Hz, 2H), 7.74-7.60 (m, 2H), 7.36 (bd, J = 8.0 Hz,

2H), 7.26 (bd, J = 6.0 Hz, 2H), 7.24-7.13 (m, 3H), 6.76 (s, 1H), 4.86 (br s,
1H), 4.08 (br s, 1H), 2.47 (s, 3H); *C NMR (101 MHz, CDCls) 6 150.5, 150.0, 144.9, 138.5,
134.7, 134.6, 133.3, 131.6, 129.7, 128.8, 128.5, 128.4, 124.3, 119.8, 52.6, 21.7; IR (Neat)vmax
1456, 1093, 812, 741, 702, 661, 613 cmt; HRMS (ESI) for CaiHioBrIN,02S (M+H)*: calcd
568.9395, found 568.9393.

General Procedure for the Suzuki Reaction of 4a; Synthesis of (Z)-N-Benzyl-N-(1,2-
diphenylvinyl)-4-methylbenzenesulfon amide 5 (GP 5):3

PhB(OH),
H
_ Pd[P(o-tol)s]p, NaO'Bu T, Ph
PW  N-Bn — =
) PN N-B
TS EtOH+H,0 (5:1) A
4a THF 5

A mixture of a-iodoenamide 4a (245 mg, 0.5 mmol), phenylboronic acid (74 mg, 0.6 mmol),
Pd[(P(o-Tol)s]2 (15 mg, 10 mol %), and Na'OBu (96 mg, 1.0 mmol) was dissolved in EtOH/H-0
(5:1; 3.0 mL. The resulting solution was stirred at room temperature for 3 h. Progress of the
reaction was monitored by TLC. Upon completion, EtOH was removed under vacuum. The
reaction mixture was diluted with EtOAc and washed with water and brine. The organic layer
was dried over Na;SOs; and evaporated. The residue was purified by flash column
chromatography to afford 5. colorless gummy liquid; (E/Z = 81:19; 216 mg, 98% yield); Ri=
0.65 (4:1 hexane/EtOAc); [Silica, UV and I2]; Major rotamer: 'H NMR (400 MHz, CDCls): §
7.79 (d, J = 8.4 Hz, 2H), 7.35-7.28 (m, 3H), 7.28-7.24 (m, 3H), 7.20-7.15 (m, 3H), 7.14-7.08
(m, 2H), 7.08-7.03 (m, 2H), 6.85 (bd, J = 0.8 Hz, 1H), 6.84—6.79 (m, 3H), 6.56 (s, 1H), 4.51 (s,
2H), 2.46 (s, 3H); 13C NMR (101 MHz, CDCls) ¢ 143.6, 137.5, 137.3, 136.5, 136.3, 135.9,
135.6, 135.3, 130.6, 130.0, 129.7, 129.3, 129.0, 128.4, 128.3, 128.0, 127.9, 127.7, 52.2, 21.7,
Minor rotamer (selected signals): *H NMR (400 MHz, CDCls): § 7.71 (d, J = 8.4 Hz), 7.48 (d, J
= 14.4 Hz), 7.24-7.20 (M), 4.64 (5), 2.41 (s); 3°C NMR (101 MHz, CDCl3) & 128.7, 128.6, 128.4,
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127.6, 127.2, 127.0, 126.9, 126.5, 115.3, 112.1, 49.5; IR (Neat)vmax 1643, 1489, 1260, 1057, 942,
810 cm~t; HRMS (ESI) for C2sH26NO2S (M+H)*: calcd 440.1684, found 440.1687.

General Procedure for the Sonagashira Reaction of 4; Synthesis of 6 (GP 6):*

H Pd(PPhj3),, Cul H > Ph
)= Toluene, HN(i-pr), (2:1) Ph)\/
P N-Bn N
TS =Ph Ts” "Bn
4 96 %, 3 h 6

To a solution of a-iodoenamide 4 (245 mg, 0.5 mmol) in toluene/diisopropylamine (2:1; 3.0 mL)
was added Pd(PPhz)s (58 mg, 10 mol %). After 2 h, Cul (41 mg, 7 mol %) and phenylacetylene
(66 pL, 0.6 mmol) were added to the reaction mixture and stirred for 6 h at room temperature.
Upon completion, the crude reaction mixture was filtered through a small pad of Celite and
concentrated under the reduced pressure. The crude residue was purified using column

chromatography on silica gel to provide 6.

Synthesis of (Z)-N-Benzyl-N-(1,2-diphenylvinyl)-4-methylbenzenesulfonamide (6a):

y o) Brown gummy liquid; (E/Z = 67:33; 223 mg, 96% yield); Rr. = 0.65 (4:1
" hexane/EtOAC); [Silica, UV and I2]; Major rotamer (E): *H NMR (400 MHz,
_N.

T CDCls): 6 7.88 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 6.8 Hz, 2H), 7.41-7.27 (m,

10H), 7.34-7.28 (m, 2H), 7.19-7.13 (m, 3H), 6.99 (s, 1H), 4.69 (s, 2H), 2.40
(s, 3H); 3C NMR (101 MHz, CDCls) ¢ 143.7, 141.5, 135.9, 134.1, 131.4, 130.2, 129.7, 129.6,
129.2, 129.0, 128.8, 128.5, 128.3, 128.2, 127.8, 122.1, 117.0, 96.7, 84.0, 52.01, 21.5; Minor
rotamer (selected signals): *H NMR (400 MHz, CDCls): 6 7.92 (d, J = 8.0 Hz), 7.71 (bt, J = 1.6
Hz), 7.43 (d, J = 7.2 Hz), 7.34-7.28 (m), 7.13-7.08 (m), 6.84 (s,), 2.39 (s) 3C NMR (101 MHz,
CDCl3) 0 143.9, 140.9, 135.6, 135.0, 134.4, 133.9, 129.2, 129.1, 129.0, 128.6, 128.4, 128.3,
128.2, 128.1, 128.0, 122.2, 118.3, 91.3, 86.0, 53.4; IR (Neat)vmax 2356, 1594, 1089, 925, 816,
755 cm~t; HRMS (ESI) for C3oH2sNO2S (M+Na)*: calcd 486.1504, found 486.1505.
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General Procedure for the Sequential lodination and Alkynylation of 1; Synthesis of 6 (GP
7):°

=—R2
1. PPhg, CHl3, 1 H R?

1 R
R\/\»\ N CH,Cly, 4 h, rt AN
= N —=220 0
= Bn 2. Pd(PPhs),, Cul ~ BnNTs
toluene/DIPA (2:1) 6
rt, 6 h,

To a solution of corresponding ynamide 1 (0.5 mmol), PPhsz (0.6 mmol, 1.2 equiv), and CHIs
(0.6 mmol, 1.2 equiv) in CH2Cl> (2.0 mL) in a Schlenk tube was added H>O (0.75 mmol, 1.5
equiv). The homogeneous solution was stirred at 25 °C for 5 h. The reaction mixture turned to
heterogeneous. Solvent CH.Cl> was then completely evaporated. To this reaction mixture,
Pd(PPhs)s (10 mol %), toluene/diisopropylamine (2:1; 2.0 mL) was added. After 2 h, Cul (7 mol
%) and alkyne (0.6 mmol) were added to the reaction mixture and stirred for 6 h at room
temperature. Upon completion, the crude reaction mixture was filtered through a small pad of
Celite and concentrated under the reduced pressure. The crude residue was purified using column

chromatography on silica gel to provide 6.

(2)-Ethyl-4-(2-(N-benzyl-4-methylphenylsulfonamido)-4-phenylbut-1-en-3-ynyl)benzoate
(6b)

. o Colorless gummy liquid; (E/Z = 63:37; 164 mg, 61% vyield); Rr=0.40
W (4:1 hexane/EtOAc); [Silica, UV and I2]; Major rotamer (E): *H NMR
E10,67 7 75" 'Bn I (400 MHz, CDCls): & 7.98 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.0 Hz, 2H),
* 7.76 (d, J = 8.4 Hz, 2H), 7.32-7.27 (m, 8H), 7.17-7.08 (m, 4H), 6.96

(s, 1H), 4.64 (s, 2H), 4.43-4.32 (m, 2H), 2.35 (s, 3H), 1.44-1.33 (m, 3H); 3C NMR (101 MHz,
CDCIs) ¢ 166.1, 143.9, 140.0, 138.4, 135.7, 134.2, 131.5, 129.8, 129.7, 129.5, 129.5, 128.9,
128.7, 128.5, 128.3, 128.3, 128.1, 121.7, 119.2, 97.6, 83.6, 61.0, 52.2, 21.5, 14.3; Minor rotamer
(selected signals): 7.92 (d, J = 8.8 Hz, 1.4 Hz), 7.85 (d, J = 8.0 Hz), (d, J = 8.4 Hz), 7.41-7.32
(m), 7.24-7.20 (m), 7.08-7.03 (m), 6.80 (s), 4.43-4.32 (m), 2.33 (s), 1.44—1.33 (m); 3C NMR

(101 MHz, CDCls) ¢ 166.3, 144.1, 139.6, 138.2, 125.5, 134.8, 131.5, 130.5, 130.3, 129.6, 129.3,
129.0, 128.9, 128.5, 128.2, 127.8, 121.9, 120.4, 92.4, 85.6, 61.1, 53.4, 14.4; IR (Neat)vmax 2975,
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1715, 1605, 1436, 1277, 1101, 1085 cm~'; HRMS (ESI) for CssHasNOsS (M+Na)*: calcd
558.1715, found 558.1716.

(2)-N-Benzyl-N-(1-(3-cyanophenyl)-4-phenylbut-1-en-3-yn-2-yl)-4-  methylbenzene sulfo
namide (6c):

W Colorless gummy liquid; (E/Z = 53:47; 159 mg, 65% yield) was
NCW obtained in as; Rs. = 0.65 (4:1 hexane/EtOAc); [Silica, UV and I2]; Major
T B ] rotamer *H NMR (400 MHz, CDCls): § 8.17 (s, 1H), 7.87 (t, J = 6.4 Hz,
- 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.54 (bs, 1H), 7.39-7.23 (m, 9H),
7.22-7.17 (m, 1H), 7.13-7.04 (m, 2H), 6.74 (s, 1H), 4.63 (s, 2H), 2.34 (s, 3H); 3C NMR (101
MHz, CDCls) ¢ 144.2, 138.3, 135.3, 134.1, 133.6, 132.9, 131.9, 131.6, 131.5, 129.8, 129.7,
129.6, 129.0, 128.6, 128.4, 128.3, 128.1, 127.2, 120.9, 118.6, 112.2, 92.6, 85.0, 53.3, 21.5;
Minor rotamer (selected signals): *H NMR (400 MHz, CDCls) § 7.76 (dd, J = 8.0, J = 1.6 Hz),
7.47 (d, J = 7.6 Hz), 7.42 (d, J = 8.0), 7.39-7.23 (m), 7.22-7.17 (m), 7.13-7.04 (m), 6.88 (5),
4.40 (bs), 4.12 (d, J = 6 Hz), 2.37 (s), °C NMR (101 MHz, CDCl3) § 144.0, 138.3, 136.9, 136.3,
135.5, 135.1, 134.7, 131.8, 129.2, 129.0, 128.6, 127.9, 121.7, 121.3, 119.6, 112.6, 98.2, 83.1,
52.1, 47.3, IR (Neat)vmax 2230, 2192, 1162, 1090, 1052, 1030, 663 cm~*; HRMS (ESI) for
Ca1H24N2NaO2S (M+Na)™: calcd 511.1456, found 511.1456.

(2)-N-Benzyl-N-(4-cyclopropyl-1-phenylbut-1-en-3-yn-2-yl)-4-methylbenzene sulfonamide
(6d)

Colorless gummy liquid; (E/Z = 86:14; 145 mg, 68% yield); Rf= 0.45 (4:1
P hexane/EtOAC); [Silica, UV and I2]; Major rotamer: *H NMR (400 MHz,

1" en CDCl3): § 7.75 (d, J = 8.4 Hz, 2H), 7.67-7.60 (m, 2H), 7.37-7.28 (m, 5H),

= 7.26-7.18 (m, 5H), 6.80 (s, 1H), 4.5 (s, 2H), 2.45 (s, 3H), 1.24-1.16 (m,

1H), 0.79-0.73 (m, 2H), 0.45-0.40 (m, 2H), 13C NMR (101 MHz, CDCls) 6 143.7, 140.0, 136.1,
136.0, 134.3, 129.3, 128.9, 128.83, 128.75, 128.6, 128.4, 128.1, 127.6, 117.3, 101.6, 70.4, 51.7,
21.6, 8.6, 0.13; Minor rotamer (selected signals): *H NMR (400 MHz, CDCls): § 7.82 (d, J = 8.4
Hz), 7.56-7.7.50 (m), 7.15-7.09 (m), 7.02—6.95 (m), 6.6 (s), 3.87 (s), 3.87 (s), 1.31-1.24 (m),
1.15-1.08 (m), 0.73-0.69 (m), 0.40-0.38 (m); 3C NMR (101 MHz, CDCls) & 144.9, 139.6,
136.6, 136.6, 134.6, 134.1, 129.8, 129.7, 129.6, 129.2, 128.5, 128.1, 127.98, 127.95, 127.75,
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72.4,53.0, 21.6, 8.5, -0.20; IR (Neat)vmax 2197, 1704, 1452, 1085, 1030, 942 cm~; HRMS (ESI)
for C27H2sNNaO.S (M+Na)*: calcd 450.1504, found 450.1506.

Gram Scale Synthesis of 2a:

CCly (2 equiv) H
Bn : Cl
, PPh3 (1.2 equiv) X
Ph—=—N N
Ts H,0 (1.5 equiv) Bn" "Ts
1a 5h,rt, 87% 2a

Following the general procedure (GP-2), a mixture of 1a (1.0 g, 2.8 mmol), PPh3z (871 mg, 3.3
mmol), and CCls (0.5 mL, 5.5 mmol) in CH2Cl> (6.0 mL) and H20 (75 pL, 4 mmol) was taken in
a Schlenk tube. The resulting mixture was stirred at room temperature (25 °C) for 3 h. The crude
mixture was filtered through a small pad of Celite and concentrated under the reduced pressure.
The crude residue was purified through column chromatography on silica gel to provide 2a (959

mg) in 87 % yield.

Gram Scale Synthesis of 4a:

PPh3 (1.2 equiv) H
Ts i I
</:\> N CHI3 (1.2 equw): @)\/
= Bn  H,0 (1.5 equiv) 15°N'Bn
DCM, rt, 5 h 4a

82 %

Following the general procedure (GP-4), a mixture of 1a (1.0 g, 2.8 mmol), PPhs (871 mg, 3.3
mmol), and CHIz (1.3 g, 3.3 mmol) in CH2Cl (6.0 mL) and H20 (75 pL, 4 mmol) was taken in a
Schlenk tube. The resulting mixture was stirred at room temperature (25 °C) for 5 h. The crude
mixture was filtered through a small pad of Celite and concentrated under the reduced pressure.
The crude residue was purified through column chromatography on silica gel to provide 4a (1.1
g) in 82 % yield.

Synthesis of 2-chloro-1-phenyl-1H-indole 7:°

Boc
N_Cl  Phi OCOCF3 N—cl
N
@ I DCM, 80 DCM, 80 °C Ph

12 h 7,65 %
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A solution of enamide 20 (165 mg, 0.5 mmol) and [bis(trifluoroacetoxy)iodo]benzene (259 mg,
0.6 mmol) in CH2Cl2 (2.0 mL) was heated in a Schlenk tube at 80 °C for 12 h. Upon completion,
the crude mixture filtered through a small pad of Celite and concentrated under the reduced
pressure. The crude residue was purified using column chromatography on silica gel to provide
7. brown solid; (74 mg, 65% yield); mp =210-212 °C; R, = 0.43 (4:1 hexane/EtOAc); [Silica,
UV and I5]; H NMR (400 MHz, CDCls): & 7.83 (d, J = 7.6 Hz, 2H), 7.61-7.53 (m, 2H),
7.53-7.44 (m, 5H), 7.40 (t, J = 7.2 Hz, 1H), **C NMR (101 MHz, CDCls) § 151.6, 134.5, 132.0,
129.5, 129.2, 128.8, 128.7, 127.3, 126.3, 124.6, 120.0, 111.3; IR (Neat)vmax 1644, 1594, 1356,
1155, 1085, 958, 924, 891, 844, 824, 799, 779, 730, 705 cm~t; HRMS (ESI) for Ci14H11CIN
(M+H)": calcd 228.0580, found 228.0576.

Chlorination of 1a in D20:
PPh; (1.2 equiv) D
__Ts Gl (2 equiv) @/\(C'
< :}—_ N —_—
B D,0 (1.5 equiv) Ts’N'Bn

1a DCM, rt, 2 h 2a-D
The ynamide 1a (181 mg, 0.5 mmol), PPh3z (158 mg, 0.6 mmol), and CCls (97uL, 1 mmol) were
dissolved with CH.Cl, (2.0 mL) in a Schlenk tube followed by the addition of D2O (14 pL, 0.8
mmol). The reaction mixture was stirred at room temperature (25 °C). After stirring for 2 h, the
reaction mixture was diluted with CH2Cl> (10 mL). The crude mixture was filtered through a
small pad of Celite and concentrated under the reduced pressure. The crude residue was purified
using column chromatography on silica gel to provide 2a-D and 2a (80:20; 192 mg) in 96 %
yield as colorless solid. Analytical data is exactly matching with the values mentioned above for
2a.
Ratio of 2a-D and 2a is determined based on the integration of the respective CHs-proton of N-

Ts of 2a-D (6 = 2.46, s, 3H) and alkenyl proton of 2a (6 = 6.60, s, 0.19H).

4-(N-Benzyl-4-methylphenylsulfonamido)-1-phenylbut-3-yn-2-yl acetate (8):’

Ts Colorless thick liquid; (192 mg, 86% yield); Rr. = 0.40 (4:1 hexane/EtOAC);
Ph%aN'B” I [Silica, UV and I5]; *H NMR (400 MHz, CDCls): & 7.65 (d, J = 6.4 Hz, 2H),

o 7.36-7.21 (m, 10H), 7.13 (dd, J = 5.6, 2.8 Hz, 2H), 5.60 (t, J = 5.2 Hz, 1H),
452 (d, J = 11.2 Hz, 1H), 4.39 (d, J = 11.2 Hz, 1H), 3.04-2.90 (m, 2H), 2.45 (s, 3H), 2.01 (s,
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3H); 3C NMR (101 MHz, CDCls) § 169.7, 144.5, 135.9, 134.4, 129.6, 128.8, 128.7, 128.5,
128.3, 127.8, 127.2, 126.8, 80.1, 69.3, 65.1, 55.4, 40.9, 21.6, 20.9; IR (Neat)vmax 2252, 1456,
1367, 1309, 1234, 1090 cm*; HRMS (ESI) for C26H2sNNaO4S (M+Na)*: caled 470.1402, found
470.1402.

(Z2)-N-Benzyl-2-iodo-4-phenyl-N-tosylbut-2-enamide (9):’

Brown gummy liquid (E/Z = 88:12; 114 mg, 96 % yield); Ry = 0.52 (4:1
hexane/EtOAC); [Silica, UV and I2]; Major rotamer: *H NMR (400 MHz,
CDCl3): 6 7.52 (bd, J = 8.4 Hz, 2H), 7.40-7.25 (m, 8H), 7.22 (d, J = 8.0 Hz,
2H), 7.11-7.04 (m, 2H), 6.51 (d, J = 14.8 Hz, 1H ), 5.11 (s, 2H), 3.48 (br d, J = 6.0 Hz, 2H), 2.43
(s, 3H); 3C NMR (101 MHz, CDCls) § 165.8, 149.1, 144.6, 137.3, 136.9, 136.8, 129.6, 128.9,
128.7, 128.6, 128.0, 127.72, 127.66, 126.7, 122.5, 49.3, 38.7, 21.6; Minor rotamer (selected
signals): *H NMR (400 MHz, CDCls): § 7.4-7.28 (m, 3H), 6.17 (d, J = 10.8 Hz), 4.91 (s), 2.47
(s); *C NMR (101 MHz, CDCls) 6 129.2, 128.5, 127.0, IR (Neat)vmax 1677, 1353, 975, 915, 811
cm; HRMS (ESI) for C24H23INO3S (M+H)*: calcd 532.0443, found 532.0449.

(E)-4-(N-Benzyl-4-methylphenylsulfonamido)-4-chloro-1-phenylbut-3-en-2-yl acetate (10)
Colorless solid; (E/Zz = 91:09; 103 mg, 95% vyield); R = 0.45 (4:1
hexane/EtOAC); [Silica, UV and I2]; Major rotamer: 'H NMR (500 MHz,
DMSO): 6 7.87 (d, J = 8.5 Hz, 2H), 7.45-7.15 (m, 12H), 6.84 (bs, 1H), 5.74 (bs,
1H), 4.85 (bs, 1H), 4.03 (bs, 1H), 3.26 (bs, 1H), 2.95 (bs, 1H), 2.50 (s, 3H), 1.76 (bs, 3H); *C
NMR (101 MHz, CDCIs) ¢ 168.8, 144.7, 136.5, 134.8, 133.6, 133.2, 130.0, 129.8, 128.6, 128.2,
126.6, 122.1, 70.8, 52.0, 39.4, 21.7, 21.0; Minor rotamer (selected signals): *H NMR (500 MHz,
DMSO): & 7.52 (d, J = 8.0 Hz), 7.10-7.06 (m), 2.42 (s), 1.94 (br s); 3C NMR (101 MHz,
CDCls) 6 133.2, 127.7, 69.5, IR (Neat)vmax 1732, 1496, 1458, 1359, 1090, 745 cm!; HRMS
(ESI) for C26H26CINNaO4S (M+Na)™: calcd 506.1169, found 506.11609.
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X-ray crystallography:

X-ray reflections for 2a were collected on an Oxford Xcalibur Gemini Eos CCD diffractometer using
Mo-Ka, radiation. Data reduction was performed using CrysAlisPro (version 1.171.33.55).8 OLEX2-
1.0 and SHELX-TL 97 programme were used to solve and refine the data.® All non-hydrogen atoms

were refined anisotropically, and C—H hydrogens were fixed.

H19

1 c13 Jorecls
ce  ©12 w * H18
C15_ii—e
H4
H11 E['_)\ > /L_LCW ﬁ‘ c18
Cc11 ,-Icn, o1 H17 boo ®H1s
5 H27021 P caces
H24C C“J *“*{tfo H25
,_.-n-L L
‘ /V} [CB Hs}%lcs C;" c14c?:?H23
H2411024 c2 ,_-4 02 H14
H24B [ H7
H20 2a

Figure 1. Molecular structures of compounds 2a; thermal ellipsoids are set at 30% probability.

Oxygen (red), nitrogen (blue), and sulphur (yellow).

Table 1. Crystallographic Data for Compound 2a

Compound 2a
formula C22H20CINO2S
Mw 397.90
crystal system Monoclinic
space group la
T K] 293 K
a[A] 11.4861(4)
b [A] 14.0594(4)
c[A] 13.4860(4)
o [] 90
B[] 111.393(4)
v [°] 90
Vv [A%] 2027.77(12)
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z 4

Praled [g €M) 1.303
1 [mm?] 2.758
total refins 3990
unique reflns 2273
observed 2237
Ri[I>20(1)] 0.0530
wR2 [all] 0.1455
GOF 1.075

Diffractometer

Xcalibur Gemini Eos CCD
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134.21
130.70
130.59
129.33
129.03
128.91
128.87
128.01
127.34
—86.79
-——71.50

PR
EXFNO 550
PROCHG 1

SsSss\a\e="

Ts Time 3.19
‘Bn PROBHD 4 mm PABBO BB/

—197.51
-~ \
«Q
ELERT
i3

_.uM
2980.814 He
Iwooo FIDRES 0.365918 Hz
] 1.3664756 sec
G 32168
™ 24,0850 uzac
DE 6.30 usec
TE 2974 K
ol 2.00030000 sec
o1l 0.0300000C zec
TRD i
1
»Ic1 13¢
12 11.80 urec
PL1 0.00 48
PLIW 33.659ZTHET W
SPOL 100.622B298 MHz
————— CHAMNEL {2 wemwmma=
CPDPRG2 waltzlg
Huc2 iH
PCED2 80.00 usec
PL2 ~2.50 db
PL12 12.04 4B
PLL3 14.00 dB
PLIW 15.14257336 W
PLIIW 9.53235298 W
ELiZW ¢.33893399 W
BFOZ 44481316005 MHz
51 32768
L3 1856127690 MHz
woe 2]
558 ]
i 1.00 He
GB e
BC 3.40

T " T . T T _ . T . " y " . .
200 180 160 140 © 120 100 - 8O 60 40 20 - 0 ppm
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7.871
7.850
7.814
7.793
7.776
7.775
7.755
7.721
7.700
7.461
7.458
7.444
7.440
7.437
7.421

f

7.409
7.405
7.402

7.392
7.389
7.385

7.378
7.372

7.368
7.346
7.344

7.334
7.327
7.317
7.316
7.308

7.296
7.229
4,666

2.418

-0.000

Current Data Paramsters

NAME
EXPNO
PROCNO

Rangu
zal
1

F2 - Acquisjtion Paramsters

Date_
Tima
INSTRUM
PROBHD
PULPROG

0
3

20150924

spect
mm BABBO BB/

2
827B.146 Hx
Q.126314 Hz

3.9583745 sec

q

€0.400 unag

mmemmmas CHANNEL fl =sessses

BuC1
129
PL1
PLIW
SFO1

iH
15.00 usec
-2.50 dB
15.14257336 W
400.1324710 MHz

F2 - Processing paramaLers

]
g

32768
40C.1300228 MHz
EM
0.30 Hz

1.00

10

8
~l~lc|cleiles|s

7

S39



MOWONHOATNOGDAAOW WU - W
COMOOrNOOTWOWULPONM NS r~ N O = [Ty —
e h e e s e s s s e e e e e e e e O MOoOWw h O Vo)
T F TN OOOO™™YOOn O . L . * .
TN N NN NNNNNNNNNN e~ ~ o O uy —
Y~ A A A A A A A A A A A A <« ~r-~r-~ W ul (o]
Cuzrent Data Paremeters
NAHE fangu
EXPNC 42
PROCHG 1
F2 - Acquisition Parametars
Date_ 20150924
Time 0.05
INSTRUH spact
FPROSHD 5 mm FABBC BM/
PULPROG 9pg30
™ 65516
SOLVENT cpell
NS 211
bs 4
b 23580.814 Hz
FIDRES 0.165918 He
A 13664256 sac
RG 2168
oW 20.850 usec
DE 6.50 usec
TZ 291.7 K
Dl 1.00900400 zec
D1l 0.02000000 aec
™o 1
esaesmes CHANNEL f1 memmmmm=
woc1 t3c
F1 11.00 usec
PLL L))
PLIN 32.6592TART W
sFO1 100.6228298 MHx
e CHANNIL {2 s=seemere
CPEERG(2 waltzlé
wicz ]
° - - cPD2 80.00 usac
PL2 -2.30 db
PL12 12.04 d»
PL13 14.00 qn
PL2N 15.14257336 W
PLL2W 0.53235298 W
PL1IW 4.3J895999
sFoz 400.131600% iz
2 - Procesaing parammters
51 32768
sF 100.6127776 Muz
WM M
558 ]
18 1.00 Hz
GB o
PC 1.40

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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7.179
3.177
2.264

Current Data Parameters

NAME Rangu
EXPNO 249
T PROCNOQ 1
S
Z.OI FZ - Acquisition Parameters
Date_ 20150927
Z 3 Tine 0.51
INSTRUM apect
PROBHD 5 mm PABBO BR/
1k PULPROG zg30
T 65536
SOLVENT CDCL3
NS 16
DS 2
SWH 82379.146 Hz
FIDRES 0.12631¢ Hz
AQ 3.9583745 sec
RG 4
DW 60.400 ugac
DE 6.50 usec
TE 297.3 K
D1 1.00¢00000 sec
0 1
llllllll CHANNEL f]l ====snaw
RUC1 18
Pl 15.00 usec
PL1 ~2.50 dB
PL1W 15.14257336 W
SFO01 400,1324710 MHz
F2 - Processing parameters
S1 32768
SF 400.1300573 MHz
WDW EM
55B [
LB 0.30 Hz
GB 0
BC 1.00

9 8 7 6 5 4 3 2 1 0 ppm

EEEGELER G

S41
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WO NOOOWTNT AN O r~ N O @ [oa)] el il
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TSSSSa—— N _
Current Data Parameters
NAME Rangu
EXPNO 250
PROCNC 1
Ts F2 - Aequisition Pacametars
N. Date_ 20150927
Pz OIm Tima 0.5%
= INSTRUM spect
PROBHD S mm PABBO BB/
BULPROG 2gpg30
o 65536
1k SOLVENT coe13
N3 53
[ 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664256 sec
RG 32768
bW 20,830 usec
DE 6.50 usec
TE 297.6 K
Dl 2.00000000 sec
Dll 0.03C00CC0 Bec
Toe 1 i
wrwwr—=e CHANHEL I} sswas=w -
RUCcl L3c
Pl 11.00 waec !
PL1 0 dB N
= - PLIW 31.65927687 W <t
SFO1 100.6228298 MHz )
wemwmemmn CHANNEL 2 mmsaseas
CPDPRG[2 waltzls
NOC2 iH
eCrD2 40.00 usec
PLZ -2.50 aB
PL12 12.04 cBb
PLL13 14.0C ¢B
PLZW 15.142%7336 W
PLL2W 0.53235298 W
PLLIW 0.33899999 W
SFOZ 400, 1316005 MHz
F2 - Processing parameters
51 32768
SF 100.6128188 MHz
WOW EM
S5B Q
LB 1.00 Hz
GB Q
P 1.40

ny

LA R | AARAMMAMAS MAAAARARS | A prTT | RAAARAAAAS MMM T | A T | A | RARSARMULE MM T | AR | IR | AR | AEAAAAMAAS SARAASAAS A

T -
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



8.624
8.604
8.337
8.334
8.330
8.319
8.314
7.910
7.905
7.893
7.889
7.862
7.804
7.802
7.801
7.784
7.781
7.694

T i oo~~~ )

7.689
7.676
7.672
7.663
7.658
7.652
7.644
7.640
7.625
7.622
7.618
7.604
7.600
7.581
7.578
7.561
7.559
7.544
7.541
7.352
7.332
3.275
—2.,422

Current Data Parameters

NAME
EXPNO
PROCNO

REM
49
b3

FZ - Aecquisition Parameters

Date_
Time
INSTRUM
PROBHED
PULPROG

NUC1
Pl
PL1
PLIW
SFO1

SI
5F
WDW
SSB
LB
GB
FC

mmmmmmm= CHANNEL £1

201509256
23.42
spect

S mm PABBO BB/

zg30

65536

c€DC13

16

2
B27B.146 Hz
0.126314 Hz

3.9583745 sec

4
60.400 usec
6.50 usec
297.1 K
1.00000000 sec
1

1H
15.00 usec
-2.50 dB
15,14257336 W
400.1324710 MHz

S43

F2 - Processing parameters

32768
400.1300198 MHz
EM
1}
0.30 Hz
[}
1.00




— 88.17
77.32
77.00
76.69

<

—£7.73
39.37
21.62

Current Data Paramatars

HAME L]
EXPNO [
PROCNC 1
F? - Acquisition Paramatery
Datw_ 20150926
Timw 21,44
INSTRUM spact
PROBHD S m FABRO BA/
PULPRCG 29pg20
1 £3536
SOLVENT <bc13
N3 104
os []

] 23940014 Kz
FIDRES 9,265818 Hx
AQ 31.1664256 3mc
G 32768
o™ 20.050 uewc
DE 6.50 usac
T 297.2 K
ol 2,00000000 sac
3% 0.03C00800 sec
T00 1
........ CHANNEL {1 ==s=as=s
w1 130
Pl 11.00 usec
PL1 qde
PLIN 13,6532 7487 N
SFO1 108.6220292 NHE
ammsamnns CHANNEL f2 semszass
CPOPAG|2 waitzl6
wc K
PCPD2 40,00 usec
- - FL2 2,50 dB
PL12 12,54 g6
PL13 i4.00 9B
PL2W 15.14297336 W
PLIIW 0.53215298 W
BL1IN 0.3389999% W
SFo2 400.131600% MHZ

F2 - Processing parameters
51

12768
SF 104.6121162 MAT
WO ™
358 a
b 1.00 Hz
GA o
PC 1.40

[RAARARALS AAAMAAA) MAMAAAAAR) MARAANARS MARRMARAN) MARMAAAAN) RAAMMAAAS) MAMRAAAAL MARAARAAA) RARRARAAR) MARMAARARY MEARARAAR) RARARARAS) AAAAMMAANS AARGAANA) MAMAAAMAA] RARARAARM SAAMMAMAM! RAAMMAARA] MAAMAAMAN! MARMMAAAN MAAMAAAAAS
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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7.875
7.854
7.550

7.530
7.436
7.421
7.419
7.413
7.403
7.398
7.395
7.379
7.218

7.216
7.214

7.210
7.204
7.201
7.194

7.191
7.189
7.185
7.181
7.178

7.175
7.172

1
|

—3.357
——3.145

2.521
2.517
2.512
2.507

2.503
2.438

MAME PB
EXENO 554
PROCRO 1
Date,_ 20150927
Time 5.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
Ts ™ 65536
N. SOLVENT DM30
= CHjs NS 16
F DS z
SWH B278.146 Hz
FIDRES 0.126314 Hz
im D 3.9584243 sec
RG q
] £5.400 usec
DE 6.58 usec
TE 297.6 K
Dl 1.0008000C sec
D0 1
BBBBBBBB CHANNEL fl mwmmmmmmx
KUCL 1H
Pl 15.90 usec
PLl -2.50 dB
FLIW 15.14257336 &
SFO1 400.1324710 MHz
5L 32768
SF 400.1300000 MRz
WDW M
s2R 0
LB 0,30 Hz
GR 0
PC 1.00
». A .. rbfr
......................................................................................... ™ oy
1 0 ppm

3.00

S45



—163.54
—161.11
145.79
132.71
131.26
131.17
130.71
128.08
127.62
127.60
124 .47
124.37
117.89
117.66
115.89
115.¢68
85.72
68.07
40.63
40.42
40.21
40.01
39.80
39.61
39.59
39.38
—21.59

NN\

NAME
EXPEO
PROCNO
Jate,
Time

. INSTRUM
AV CHs PROBHD

PTLFROG

Zz—
»

~FLCPRG2
NUC2

- PCPD2Z
BL2

o

P
34
¥C1s0921

5 %

spect

5 me PAREO BRY
2qpy3c

65536

TME0

485

4
235980.874 Hr
©.36531% Hz
1.3664756 aec
IE768
20.85C usec
6,50 usec
297.5 K
2.00006080 e
0.0200G0GE ame

CHANNEL ] wemsemw=m
13T
11.0C usec
€.00 4K
33.6%927891 W
100.6228298 MHz

« CHANNE]. F2 o

wallz.f

14.0C db
15.15257336 W
0,53225293 W
$.33629995 W
400.1316005 MHz

3z7€2

SSRGS

LARAASRARARAARAS RARASARRAS RARASARAAS LAAARAARAS RASALALRAS RARALAARAS SAARARAARAS RAMVALIAAS NAMLLALARE RARARALALS RARAARRRAS MARARAAMEE RAAAMMARES SALARALRAS MM R | SAAAAARARS RAARARMARN RARAALL

180 170 160 150 140 130 120 110 100 90 B0 70 60 50 40 30 20 10 0 PpPm
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-112,62

Ts Current Date Faranatecs
N MAME RF
. ExeHo 67
_H \\ OIM FROCH) 1
F2 - Aequizition Fizametars
cata_ 20130978
Tima 2.3
. THSTRUM apect
1m EROBHD & mm PANSO HE-
PULFRCG zqfhiggn
™ 131072
souvest oSO
L] 18
o5 ]
S 113636. 387 ar
FISRES 0868977 Hr
A 0,5767166 sac
RG 2p80
' o 4,400 uec
. oE 6.50 umnc
™ 300.2 K
bl 1.00000000 sac
el 0.0HI00000 anc
oLz 0.00002000 sec
Too 1
mmmwmane CHANHEL £ wwmmmsse
et 197
P1 14.50 umac
PL1 —0.50 dg
PLIN 21.500€1378 W
srol 470.982360 mHz
Stmmmman CHANNEL (2 =mmmeeee
CPDRAG [2 waltals
Mucz 1K
FCRDZ §0.00 usec
L2 2.00 de
vLi2 16.50 a8
PLIN 12.0534€415
FLI2W 0.4360%280 %
w0z 500.1820007 HHz
E2 - proceszing paranatera
~ 51 £323¢
- - sF 470.£394240 HHz
wow £
558 o
La 0.30 He
o ]
B 1.00

i T I I 1
0 -20 -40 -60 -80 -100 -120 -140 -160 -180

I
-200 ppm
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7.864
7.843

7.554
7.534
7.447
7.434
7.426
7.412

7.239

7.216
7.194

N

—3.130

——2.446

Current Data Parameters

HAME REM
EXPHO 57
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150927
Time 0.36
INSTRUM spect
PROBHD 5 ma PABBC BB/
PULPROG 1930
To §5536
SOLVENT DMS0O
L& 15
Ds 2
SHH B278.146 Bz
FIDRES 0.12631¢ Hz
AQ 3,9583745 aec
RG 4
DW €0.400 usec
DE 6.50 usec
TE 297.2 K
ol 1.00000000 sec
TDO 1

11
NUC1 14
PL 15.00 usec
PL1 -2.50 dB
PLIW 15.14257336 W
SFOL 400.3324710 MHz

F2 - Processing parameters
5T

32764
SF 460.1299996 MHz
WO EM
588 a
LB 0.30 Hz
GB [}
BC 1.00

.....548



- h < SO M~ 0y o h 0O W
-+ o ~ hoh - WO WO ey o wy MN-AOoOOM~ OO o
. - PR . . ™ w LT NOoO~Yy ™M w
[ad I Ly MMM O 0o oo W . + v v e e .
0w -+ MM NN — e = ~ SCoOooMMn —
— - — HeA A e -] w0 TTTTMMMO M o~
Current Data Favamececs
e MM
EXPHO 19
PROCNO {
FZ - Acquizition Patameters
Dave_ 050927
Tlme 0.44
INSTAUN spect
PROBMD 3 i PARRG BA/
PULPROG 30
Ts 1™ 36
Z SOLVINT [
us EE]
g7 OIw [:L] L3
74 s 23980. 034 W2
FIDRES 0, 365018 H2
a9 1.3664256 mec
G 12768
[} 20. 850 usec
F 1n or $.50 umec
TE 297.8 K
ol 2.00000000 sec
il 003020090 sec
00 1
commiras CHANHEL f1 mmmmmmm=
Huc1 13¢
3] 11.00 usee
PLL 7
PLLM 31.65927887 ¥
s7o1 100.5228298 MHE
IIIII CHAMNEL ] —mmemnn
CPOPRGIZ walted6
] 1A
PCRD2 80.00 usec
e -2.5¢ ab
PL12 127,04
PLIZ 14.00 dB
BL2NW 15.14257336 W
PLLIW 0.53233292 W
- - . PLLIN 0.33139595 W -
sFo1 1408.1316005 MMz

¥? - Procassing paramatars
51 31768

5F 100.6127621 Mtz
) ™
san o .

B 1.00 Mz
Gh o

FC 1.40

%

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

S49



—-111.25

AN

RAME
EXPRO R
Ts FROCHG
N Date
N Tize
OIw INSTRUM ApECE
PROBHD % mn PABBQ BA-
PULBROS 2gfhiggn
™ 13levz
1n SOLVENT DMEn
Hg 15
s 4
SWH 113836,.367 Hz
FIDRES D.866%77 Hz
0.5767668 zea
2050
. 4,400 usec
£.50 usec
300.2 K

1.00900000 seg

C¢.03C00000 sec

0.80002000 =ag
1

CHANNEL fl smomcroo
198
14.50 usec
=0,50 dB
LSUBBELITE W
73.5923603 MHz

CCN
IV

se====cm CEANNEL £2 s=mmm==s
CRIPRE2 waltzlE
LE
80.00 ysec
2.00 4B
16.50 4B
12.8%534B415 W
G.45605880 B
SOD.1E2TC007 Mz
SER3E
ST0.E387791 mEr
kM

w . _ _ ] . _ _ _
-80 -100 =120 -140 -160

_
=180 prm



——8.542
4.616

2.426
-0.000

Current. Dala Parameiers

NAME Rangu
EXPNO 245
PROCNO 1

F2 - Acquisition Parameters
Date, 20150926
Time 0.41
INSTROM spect
PROBHD 5 mm FABBC BB/
PULPROG zg930

D 65536
SOLVENT CDC13

N3 16

DS 2

SWH 8278.146 Hz
FIDRES 0,126314 Hz
AQ 3.9583745 sec
RG 4

bW 60.400 usec
DE 6.50 usec
TE 297.7 K
D1 1.0000000¢ sec
DO 1
IIIIIII w CHANNEL [l mussswaw
NUCl 1H

Pl 15.00 usec
PL1 «2.50 dB
PLIW 15.14257336 W
SFO1 400.1324710 MHx
F2 - Processing parameters
51 32768

SF 400.1300114 MHz
WDH EM

SSB 0

LB 0.30 Hz
GB [

PC 1.00

S51
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Current Data Paramaters
NAME Rangu
EXPHO 248
PROCHO 1
FZ - Acquisition Parameters
Date_ 20150926
Time 0.43
INSTRUM spect
Ts PROBHD 5 mm PABBO BB/
N PULPROG Igpg3o
. TO 65526
\\ Bn SOLVENT CDCL3
A NS 437
_ =13 L]
SWH 23930.8%4 Hz
~-N 1q FIORES 0.365916 Hz
Br 20 13664256 sec
RG 12768
[ 20.450 wsec
DE €.50 usec
TE 297.% K
33 2.00000000 sec
[58) 0.03000000 sac
o 13
memmm—== CHANNEL f] ==mwumas
HUCl 13c
Pl 11.00 usec
- = PLL 0 dB
PL1W 33.65927887 W
S$FOl 100,6228299 MHz
||||| e CHANNEL £2 ==mmmmmes
CPDPRG[2 waltzlé
NUC2 1H
PCPO2 B0.00 usec
PL2Z -2.50 48
PLLZ 12.04 dB
PL13 14.0C¢ dB
PL2W 15.14257336 W
PL1ZW 0.53235298 W
PL13W 0.33699599 w
SFO2 400.1316005 MHE
FZ - Processing parameters
51 32768
§F 190.6127749 MH:
WO EK
558 0
LB 1.00 Hz
GB o
PC 1.40
prraryY ol Y Y L ey b r » Lol e s ey I'ﬁ _ b L L e gy L.-LPl[ Wb b end L Ak
Appy NVl - o o e Y e g oy aaaaa el o
TETTrrrTT | RAAARARLA | RAARARARA T | DAL | AR | AARRARARE | D AR LARAAMAMAY LARAARRAL | RARRARRAL | RRRARAARL | AR | R | RARAARAAL | RARAAAARA | IAAAAARAL i RAARAAARLS T | AR

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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7.881
7.860
7.359
7.337
7.326
T7.225
7.216
7.211
7.205
7.160
7.143
7.134

pESERN

7.116
7.099

6.613

_—4.816
™~4.792

_—4.066
T~4.041

2.470

NANE
EXP?NO
PROCNC
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENKT
X5

0s

SHH
FIZRES
aQ

RG

CwW

833

~E

i

B

NUCI
Pl
PL1
PL1W
S501
51
SP
WD
353
LB
S35
pC

0.019

»B
4020

20159519
0.03
spect

5 mm FABBC B3/

zg30
£€b536
fa{elohic
16
2
8278,146 Hz
0.126314 3z
3.9584243 sec
4
50,490 usec
5.50 usec
613,72 K
T.50060000 sec

CHANNEL {1 ========

1n
15.90 usec
-2.50 4B
15.14257336 W
200.1324710 MHz
32768
40C.1302109 MHz
™™
s}
0.30 Az
0
1,90

........

.........

.........

3.00

.....

S53



06T 091

OFT

144.¢0
135.00
134.94
133.35
132.87
122.81
129.62
129.08

A
z
N
2]
T

0€T

oL, 08 ) 00T 01T 0Z1

09

0S

0%

0ot

¢

0T

wdd

128.95
128.77
128.54
128.29
128.18
128.06
127.52

77.38
477 06

\76.74

—52.43

—21.68




11

01

2.10\
1.05§
0.32 =
4.07 ,—
1.04/
0.155
0.95~
0.49\_
3.00/~ %7
3.05
0.59
2.98

bl o

rﬂ5$§$§;%;%ﬁ§¢\rﬁ_-qas$*?ﬁ

[ T e ) T B e B B B B e N e s I B IR I e, |

udd -

3
&
{1

OHIOH,
ON
BH

),

;
g

ANELENT

.78
.76
.74
.45
.43
.41
.39
.33
.30
.28
.26
.25
.24
.22
.14
.13
.11
.88
.62

.07
.02
.44
.43
.36
.34



0LT 08T 06T 002

OFT 0ST 09T

0ZT O¢fT

oL 08 06 00T OTT

09

0T 0¢ 133 oF 08

wdd

L

i

wlis

S56

144,38
138,14
134,38
133.02
132.48
130.66
129.63
129,57
125.48
128.77
128.58
128.28
125.72

= AN

77.35
77.03
76.72

/N

—35.69

21.62
<51 13
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8873322222111009955 [ el oo I
. . . . .
R S S N NV VPPN < = < = N NN
NAME Rangu
EXPNO 142
PROCNC 1
F2 - A¢quisition Parameters
Date_ 20150319
Time 22.39
LNSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD £5536
SOLVENT CcDCl3
NS 16
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 4
oW 6G.400 usec
DE 6,50 usec
TE 673.2 K
ol 1.00000000 sec
D0 1 )
llllllll CHANNEL f]l =xso=m==
ROCL 1H
Pl 15.00 usec
PL1 -2.50 4B
PL1W 15.14257336 W
SFO1 400.1324710 MHz
m.m - Processing parameters
32768
mm. 400. _.woownm MHz
WDW
55B 4]
LB 0.30 Hz
GB 0
BC 1.00

© O~ |w
- TN |r=|v=]y=

S57




M-~ AP OCOWONARN
A OO~ ®M~ TN A0 A ™~ O © o~ M o
. - - . . . . 3 . . . O W (] uwy =

VT OHORNC DO W W . . .

OO NN NN NNN -~~~ 0 o~ e

L B B B B B B B B I B B I | Ll u o™~
Curcent Data Faramtors
HAME Rangu
EXFNC 143
FROCHO I
i P
FLIW J3.63927887 W
SFel 100.6224290 iz
........ CHAMNEL £2 -armm--r
CFO#NG!' 2 L LT
NuC2 1
PCPTZ 40.00 pioc
PL2 2.%0 an
PL12 12.04 aB
PL1Y o0 o
PL2W Ew
PLI2M o L)
PLIIW o 95 W
SFC2 A00. 1316008 MHz
F2 - Proceasing paramatara
ST 12168
sF 100.6127861 MHz
oo (-]
558 o
LB 1.00 Kz
GB )
PC 1.48
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.868
.857
.852
.847
.836
.356
.335
.258
.222
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.203
.168
.161
.155
.151
.141
127
.123
110G
.102
.635
.829
.797
.390
.373
.355
.337
.146
.128
.110
.092
.045
.013

.462

.039

.410
.392
.34
L2713
.255
.237
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—166.

144

137.

134
134

133.
130.
129.
129.
~led.
129.

128
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77.
<77.
76

— 60,

—hR2.

—21.

—14,

199

742
150
.729
.022
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016
779
652
o Fe
243
. 857
.503
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942

427

639
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.912
.577
.095
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.720
. 597
LRE72
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.839
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.221
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.132
127
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—1091.

144

136.
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&:129.
128
128.
128,

77.
<77.
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—197

144
137

136,

134

133,
133.
129,

1sy

129.

128

128.
128.
128.
128.

77.

<77.
76

—52.

—26.
—21.

.505

.791
.424
471
.674
890
167
766
. 1ed
675
.833
751
454
303
048

320
002

.685

437

571
643




7.817
7.799
7.641
7.622
7.408
7.405
7.388
7.370
7.351
7.339
7.320

RN

H4C

5 H
TsN %
Cl

6.683

—3.062

—2.466

NAME. KEM
EXPNO S¢
HROCNO 1
Date. HAH A
Tine 23.18
INSTRUH spect

FPROBHOD 5 wm PABEC Fﬂ

A
....... e T
10 9 8 7
™[]0 P
(@S ©
v |yl o
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144,44

J/rl34.14

133.04
J/r132.34
_//129.74

129.46
128.81
128,77
128.72
128.63

77.32
<77.00
76.68

—35.68

—21.60



6.861
6.840
—3.820
009
—2423
—=0.002

NAME RKN
EXENO 127
PROCHO i
Date_ 20150314
Time 23,52
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2430

™ 65516
SOLVENT ¢pCll

8§ &

oS 2

SWH B278..4€ Hz
FIDRES 0,126314 Hz
AQ 3.956424) sec
BG i

DK 60.400 usec
oE 6,50 usec
1€ 293.7
Dl 1.00000000 sec
180 i

CHANNEL f1

NyCy iH

Pl 15.00 uaec
Pl -2.50 dB
PLI1W 15.1425733¢6 W
3FQL A00.132471¢ MH2
SI 32768

SF 400.1300520 MKz
WO EM

S5B 0

LB 0.30 Hz
GB o

BC 1,00

9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 30 25 20 1.5 1.0 05 0.0 =05 ppm

44 EEds 8
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129.379
28.738
28.645

126.551

134.310
1
1

—— 156.763
— 144,226
129.934
129.527
121.997
120.751
—110.585
77.329
77.01
76.694
55.542
— 35.808
— 21.616

7
\

NAME

Time

Dli
Do

EXPNY
PROCNG
Date

INSTAUM
PROBRD
PULPROG

REM
128

20150314
23738
spect

5 am PABBC BB/

29pqg30
65536
€DCLy
29%
+
23980.814 Hz
0.365918 Az
1.366975¢ sec
32768
20.850 usec
6.50 usec
293.9 K
2.00000000 sec
¢. 03000000 sec

mmmmmaas CHANNEL f1 mammac—e

NuCl
B
PL
2Llw
5FOL

11.00 usec

060 gB
33.65927647 W
100.6228298 Miz

CHANNEL 12

CPDPRGZ

waltzlé
£0.00 usec
2.30 dg
12.04 dB
14.00 an
15.1425733€ w
C©,53323529¢ W
¢.33899999
400.2316005
12768
100.£327724 MHz
£M

T T T T 1 T T 1 T 1 T T J T

T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

T
0 =10 ppm
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.831
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144.36
134,55

%

133.07

133.03
132.97
131.16

129.75
129.44
129.34

129.24
128.80

128.62
128.07

127.84
127.81

126.55
125.85
125.45

125.23
123,89

77.25
77.00

<

ey o Y SRR AR S R e

76.75
52.29

rl!i%:%L

21.58

Current Data Paraseters

NAME Rangu
EXFND 16
PROCHO 1

F2 - Acquisiticn Parameters
Date_ 20150320

Time 16.39
INSTRUM apect
PROBHD 5 mm TXI 1H/D-
PULPROG zgpg30

D 65536
SOLVENT cDCll

NS 258

Ds 4

SWH 29761.90¢ Hz
FIDRES 0.454131 Hz
aQ 1.1010048 sec
RG 724

DN 16.800 usec.
DE 6,530 usec
IE 297.6 K

Dl 2.00000000 sec
D11 0.03000000 sec
T i
mmmmm=zx CHANNEL f1 *®ssz==m
KIC1 13C

Pl 11.00 usec
PL1 -4,77 dB
BL1W 229.02009583 W
SFOL 125.78293%1 MHz
-------- CHANNEL £2 mmmmmcac
CFDPRG[2 wallzl6

NUC2 1H
PCPD2 BC.00 usec
PLZ 1.20 dr
PLi2 22.36 dB
PLL3 26.36 aB
PL2ZW 15.45328617 W
PL12W 0.11830982 W
PL13W 0.04709999 W
SFOZ 500.1820007 MHz

F2Z -~ Processing paramet.
81

32768

ers

125.7703712 MHe
EM

1.00
1.40

Hz

1

70

160

150

140

130

120

110

00

90

T LA BAAAARRA RS LA A8 RAAN T T AR MALAALREE: Il R

80

70

ppm
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7.895
7.890
7.877
7.876
7.837
7.834
7.829
7.823
7.818
7.803
7.787
7.702
7.688
7.533
7.519
7.516
7.511
7.501
7.497
7.495
7.488
7.481
7.476
7.452
7.437
7.422
7.273

7.065
7.049

|
|

—2.987

—2.286

-0.000

Current Data Paramsters

NAME
EXPHO
PROCNG

RP
13
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
EBULPROG

——m——
NUCl

P1

PL1

PL1W
SFOL1

20150320

1.57

spact

5 mm TXI 1B/D-

2
10330.578 Hz
0.157632 Hz
3.1719425 sec
50.8
48.400 usec
.50 usec
297.0 K
1.00000000 sec
1

CHANNEL [1 mmmmmmm=

1.20 dB
15.45328617 W
500.1830888 MHz

F2 - Processing parameters
51

32768
500.1800222 MHz
EM

0.30 Hz

o

1.40

S73
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e A A A A A e A e~~~ ™ Lo ] Current Data Parameters

NAME Rangu
EXPNOQ 14
PROCNO 1

F2 - Atgquisition Parameters

&

Date_ 20150320
Tima 15.%6
INSTRUM apect
PROBHD S mn TXL LR/D-
PULPROG 29pg30
™ 65536
SOLVENT CBCil
BS 566
oS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AR 1.1010048 sec
RG 724
[~ 16.800 usec
CE 6.50 usec
TE 297.4 K
=38 2.000000C0 sec
pll 0.03000000 sec
00 i
llllll CHANNEL [l wwewmsm=
NUC1 13C
Pl 11.00 usec
PLL -4.77 dB
PL1W 229.02009583 W
SFOL 125.7829381 MHz
Cl 2
CPDPRGI2 waltzlé
Nuc2 1H
PCPD2 BD.00 usec
PLZ 1.20 dB
PL1Z 22.36 dB
PLLY 26.36 dB
PL2W 15.45328617 W
PLLIZW 0..1B30982 W
PL13W 0.04709999 W
sSFO2 500.1820007 MHz
F2 - Processing parametera
51 32768
s5F 12%.7703728 MH:
WOH EM
SSB 0
LB 1.00 Hz
GB o
PC l.40

N |

YT YT T I | I | A | A IS A | A I | A | A | AR | AR | DA ) I IR T

_
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME REM
EXPNQ 9
PROCHO 1991

F2 - Acquisition Parameters
Date, 20150319

Time 10.47
INSTRUM spect
PROBHD 5 mm PRBBO BB-
PULPROG 2930

T £5536
SOQLVENT cDCl3

Ks 16

Ds 2

SWE 8223.685 Hz
FIDRES 0.125483 Hz
aQ 3.9B845889 sec
RG 90.5

oW 60.800 usec
DE 6.50 usec
TE 300.0 K

0l 1.00000000 sec
TDD 1
IIIIIIII CHANNEL f] s==s===s
NUC1 LK

Pl 14.80 usec
PL1 1.50 4B
PLIW 15.18650627 W
SFO1 400,0934707 MHz

T2 - Processing parameters

SF

WDW

S5B 0
LB

GB Q
PC

32748
400.0910179 MH=z
EM

0.30 Hz

1.40

.......

9 8 7
g8 [EEEEEEER
- vl |=||NIOIO[ 1N

.........

.........
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143.82
134.71
132.45
131.21
13¢.28
130.26
130.23
130.17
129.10
129.02
128.80
127.95
127.56
127.14
126.78
126.74
126.66
124.69
122.92
122,30

M/m

77.32
{77.00
76.68

“—36.40

—21.37
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0.83\ ]
3.00,/~ W]

wdd
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2HH

ses

B

sagn

7.777
7.756
7.732
7.333
7.321
7.313
7.301
7.293
£—-7.257
7.025
7.021
7.014
7.002
6.997
6.984
6.981
6.888
6.617




130.03
129.84
129.76
129.7¢0
129.55
129.29
129.26
128.78
128.23
125.57
125.55
124.65

N OO
I} O O <P e 4
L
s I - T M Te ]
W WO 0y M
L B B B B B |

163.98

163.77
[ 135.02
-134.36
-134.06
f-130.11

124.62
115.98

115.86

115.77
115.75

115.65
115.56

115.43

115.20
77.34
77.02

76.70

™~
pte

L]

L
(o]

_ NAME 13}
EXPNO 492
PROCNOD 1
Date_ 20150719
Time 2.27
TNITRUM apect
FROBRD % wmm PABEC BB/
PULPROG 29pg 30
™ 65538
SOLVENT CcoCL3
N3 8000
jak:] 4
SWH 23980.814 Pz
FIDRES 0.365918 Hz
AQ 1.3664756 mec
RG 32768
N 20,850 usec
DE 6.50 usec
IE €73.2 K
i3 2.00000000 sec
jrx 0.03000000 Bec
w0 1
=amz=a== CHANNEL £l ss=sco=s
yucl 13c
Pl 11.80 uzec
PL1 0.00 dB
PLAN 33.65927887 W
SFO1 100.6228298 MRz
amsmzmws CHARNEL f2? ssssssss
CPDPRG2 waltelé
NUCZ 1H
PCPD2 86,00 usec
PL2 ~2.50 dH
PL1Z 12.04 48
PLid 14.00 &B
PL2ZW 15.14257336 W
PLIZH 0.53235298 W
BLI3W 0.338%9999 W
SFOZ 400.131.60056 MHz
ST 32768
SF 100.612769Q Muz
wiw M
3%B Q
LB 1.00 Hz
GB 0
kC 1.40
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~111.48

Current Data Pazametess
HAME REM
EXFNO 26
PROCHO 1891

F2 - Acquiiition Farameters
Date_ 20150515
Time 15.45
INSTRUM aspect
FROBHD 5 mn PRBBO BB-
FULPROG zgEhigan

T 131072
SQLVENT cpell

NS 16

Ds 4

SHH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 2050

CH 3.600 usec
DE 6.3 usec
TE 298.9 K
ol 1.0000000¢ sec
Ccll 0.02000000 sec
P12z . 00002000 sec
TDO 1
wemwmwes CHRNNEL [] swmv=mws
N 19F

Pl 14.80 asec
L1 -1.20 dB
PLIW 18.112B7308 W
SFOL 376.4240234 MHz
mmsmsams CHANNEL [2 samsazas
CEDPRG[2 walizlé
NUC2 1
PCFD2 90.00 usec
FL2 J50 dB
PLI2 17.18 da
BL2W 15. 18650627 W
FL1ZW 0.4106367H W
sre2 400.0926004 Mliz
T2 - Process.ng parameilcrs
sl 65336

57 376.4616700 MHz
WOH ]

SSB Q

LB 0.30 42
&3 1

2C 1.40

-80

T
-100

T
-120

T
-140

T
~160

T
-180

T
-200

ppm
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Current Data Farasaters
RAME ki
EXPNO 118
#ROCHO 214
F2 - Acquisition Facansters
Datw_
Timy
INSTRUM apact
PROBAD 5 mm TXI LN/D
PLI i.20 dB
LN 15, 45204617 W
sF0L 260, 1839588 Mmc
F2 - Proceddlng phldbeters
En 32764
ar 500.1800000 MNz
(g -]
sz [
1s 0,30 A2
ca L]
PC T.on

_ A s J _ > ) F n I

BERE I
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7.
T7.
T6.

/N

—35.

-—21,

.69
.71
.61
.06
.37
.31
.16
.67
.60
.67
.55
.42
.31
.28
.82
.26
.80
.63

28
02
77

70

65



-112.53

Currant Data Parametess

HAME REM
EAPHO 25
FROCNO 1a91

FZ = Acquisition Pacametecs
Date,_ 20150515
Time 15.41
IHSTRAUM spect
PROBHD 5 mm PABBO BB-
PULPROG zathiggn

o 1311072
SOLVENT cbCll

L1 16

08 4

SWH 89285.711 Hz
FIDRES 0.685196 Hz
AG 0,7340032 sec
RG 2050

[ 5.600 saec
oE 6,50 Jmec
IE 253.0 K
o1 1.00000000 sec
D1l 0.03000000 sec
Di2 0.00002000 sec
™0 1

usec

dB

']
SFQL 176.4240234 MHz
mammmsam CHAMNEL 12
CFDPRGY2 walzzlé
nC2 1H
PCFD2 000 user
PL2 1.%0 43
PLl2 17.18 d2
FLZW 15.18650627 W
PLLI2W 0.41063674 W
5F02 400.0926004 MHz
FI - Processlng parchme_ors
57 €3326
3 376, 4616700 MH:
HCW ™
553 o
La 0.0
[&:1 Q
PC 1.50

-80

|
-100

e

T
-120

T
-140

1
-160

T
-180

-r

T
-200

ppm
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7.405
7.401
7.387
7.385
7.347
7.341
7.329
7.312
7.308
7.293
7.283

7.279
7.276

7.269
7.262
7.254

7.245
7.222
7.219
7.216
7.201
7.186
7.183
6.681

—-1.564
—1.336

.........

.........

.........

.........

.........

.........

0.37

NAME PH

EXINO 373

FROCNO 1

Date_ 20150417

Time 11.07

INSTRUM spect

PROBHL 5 mm PABBO BB/

PULFROG zg30

in 65536

SOLVENT chCl3

NS 16

B 2

SWH 8278.14€ Kz

FILDRES 0.126314 Hz

AQ 2.9584243 sec

aG 4

DW 60,400 usec

CE 6.50 usec

TE 673.2 K

b2 1.00000000 sec

TGO 1

........ CHANNEL 1 =m=wweamn~

NUCY 1H

El 15.00 usec

Ful -2.50 dB

PL1N 55.14257338 W

5801 400.1324710 MHz

L 32768

sf 400,1200164 MHz

Whw EM

s8R o

LB 0.30 Hz

GR o

PC 1.0

|
......... | B
0 Ppm
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NAME PB
T EXPNO 374
_ PROCNO 1
o Datw_ 20150417
~ Time 11.18
> INSTRUM apect
<o PROBHD S mm PABBO BB/
2 o nm PULPROG zgpg30
pisd 65336
SOLVENT P13
RS 973
DS 4
SWH 23980.814 Az
FIDRES 0.365919 Hz
AQ 1.3864736 sec
RG 32768
W 20.850 usec
OB 6.50 usec
TR 673.2 K
DI 2.00000090 sec
D1l 0.03000000 sec
TDO 1
manmomne CHANNEL £l =mme=wmss
NucCl 13c
Fl 11.00 usec
PL1 §.00 4B
PLIN 33.65927807 W
SFO1 100. 6228298 MHz
iiiiii CHANNEL f2 mem=mmmw
CPDPRG2 waltzlé
NEC2 1H
PCPD2 §0.00 usec
PL2 ~2.50 oB
PL1Z 12.04 dB
PL13 14.00 4B
PL2W 15.14257336 W
PL1ZW 0.53235298 W
PL13W 0.33899999 W
5702 400, 5316005 MHz
ST 32769
8F 100.6327690 Mz
WDR EM
85B 0
LB 1.00 He
GR D
FC 1.49
T T § T | RS AAERLLALLY MULALLEL) MAMMAALALS MAARSARALS LuLhLLs i RAMAARARAS RAMUAMAAES RALAMALLAS RAAARALLLL REGAMY MALALEALY RAREALEARY RALLAE AR LARAAALLA | AR
180 170 160 150 140 130 120 11C¢ 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current DAta Parameters

NAME Rangu
EXPNO 178
PROCNO 1

FZ - hAcquisition Parameters
Date_ 20130514

Time 22.20
INSTRUM spect
PROBHD S mm PABBO BB/
PULPROG gl

D 65536
SOLVENT <pCl3

NS 16

Ds 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 1.9583745 sec
aG 4

DW 60.400 usec
DE 6.50 uzec
TE 673.2 K

ol 1.06000000 sec
DD 1
umz===a= CHANNEL £} =»==rmmr==
NUC1 1K

Pl 15.00 usec
PL1 -2.50 4B
PLLW 15.14257336 W
SFO1 400.1324710 MHz
F2 - Processing parameters
51 32768

SF 400.1300155 MHz
WoW EM

35B 0

LB 0.30 Hz
GB 0

PC 1.00

| FI..-I.-.,;III%L _LQJLL "
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Currant Data Paramerers
NAME Rangu
EKPNO 179
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150514
Time 22.23

T INSTRUM apact

PROBHD 5 mm FABBC BB/

o PULPROGC 2gpg 30
N e 65536
SOLVENT €pe11

Z.c us 265
2 Fa& 5 :
P SWH 23980.814 Hr
FIDRES 0.365918 Hz
AQ 1.2664256 sec
RG 32768
ok 20,850 usec
IE 6.50 usec
= 6131.2 X
ol 2.00000000 sac
o1l 0.03000000 sac
o 1
CHANNEL [1
§uCL 13
21 11.00 usec
sl B as
311k 1365927887 W
sFoL 100.6223298 MHx
CHANNEL £2
CIIPRC|Z
prlirers
PUPD2
PL2
PL12Z
PLLY
PL2H
FL1ZW
PLLIW
SFOZ
F2 - Trocedsing paramelers
st 32163
sF 100.4124590 MHz
WOW M
538 ]
w3 1.00 He
53 o
o 1.40
oy e Ay P T . y " i bbby " ~ M ™ " TV VRV i peiiohly
SRS RARARRALES LURLARARRS LASEEE U AR RS AR | I AR ML LA AN MRS LRI R | AL R | I I | BARARARARE RALLARLLE

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Cuzreat Data Paramwters

NAME RP
EXENO 20

PROCHO 1

FZ - Acquisition Parameters

Date_ 20150517

Timae 23.21

INSTRUM apect

FROBHD 5 mm TAL 1H/D~

PULPROG zgid

™ 65536

SOLVENT ¢pcll

NS 16

[ . 2

BWH 10330.57% Hz

FIDRES 0.257632 Hz

AQ 3.171942% sec

RG 10l

ow 46,400 usec

DE 6.50 usec

1E 297.5 K

D1 1.00000000 sec

™00 1

llllllll CHANNEL [ wesssmse

NyClL 1 N~
Pl 7.00 usec [0}
BLL 1.20 de wn
PL1W 15.4532B617 W

SFOL 500.1830888 MHz

F2 - Processing parameters
SI 32768

SF 500.1800212 MHz
WDW EM

SSB ]

LB .30 Hz
GB ¢

BPC 1.00




150.50
149.98
144,93
138.55
134.66
133.25
132.28
131.53
129.77
129.74
128.79
128.55
128.44
124,30
119.77
77.31

77.06

76.81

52.59

21.73

/
%
<

Current Data Parameters

NAME RE
EXPNO 33
PROCRO 1

F2 - Acquisition Parametars
Date_ 20150517
Time 23.41
INSTRUM spoct
FROBHD 5 mm TXI 1H/D-
FULFROG zgpq30

TD 65536
SOLVENT CDC13

N§ 373

D5 4

SWH 29761.504 Hz
FIDRES 0.454131 Hz
A 1.1010048 sec
RG 724

o 16.800 usec
DE 6,50 uwaec
TE 300.0 K
D1 2,00000000 sec
D1l 03000000 sec
0 1
|||||||| CHANNEL f1 mmmmmmm=
X1 13C

Fl 13.00 usec
PL1 ~4.77 aB
ELIW 225%.02005583 W
SFO1 125.7829381 MEHz
memamm=m CHANNEL £2 mesamm==
CPDPRG[2 waltzlé
HUC2 1H
PCPD2 80,00 uasc
FL2 1.20 ¢B
PL1Z 22.36 4B
PL13 26.36 dB
ELZW 15.45328617 W
FL1zW 0.118303%82 W
PL13W 0.04705399 W
SFO2 500.1820007 MEz

F2 - Processing parameters
S1 32768

SF 125.7703610 MHZ
WD EM

58 Q

e 1.00 Hz
GB [

BC 1.40

T | AR AR LA L (RASARALE AR LARALALLLS LALALLAL o RRASARALE I J RAARRAARS | RAASASALL IR AR | AR e | R | A N

T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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7.896
7.876
7.370
7.351
7.259
7.247
7.168
7.154

6.992
6.984
6.8614
6.854

6.843
6.765

_-4.909
~~4.877

_—3.984
T~3.953

2.469

.........

.........

NAME RP
EXENG 185
PROCNO 1
Date_ 20150609
Time 3.41
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT cDoCcl3
N% 1&
DS 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 4
oW €0.400 usec
DE 6.50 usec
TE 673.2 K
ol 1.00000000 sec
TOO 1
|||||||| CHANNEL f] ===eew==
NUC1 14
Pl 15.00 usec
PL1 -2.50 dB
PL1W 15.14257336 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1300144 MHz
Wow EM
§s8 [
LB 0.30 Hz
G8 1]
PC 1.00
A ; A - :ﬁ LF A ;ﬁ A, L
......... ML S L S B S B N B S B I B A A IS B L SR B R AL B
6 5 4 0 ppm
m|m — w [ ]ite]
| h ] (=] O
of . . . o .
[ ] L] — o m|O
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144.64
135.45
134.58
132.95
130.24
129.93
129.73
129.57
129.09
128.74
128.54
128.35
128.04
127.717
125.87
124.73
77.32

77.00

76.68

52.43

21.66

S

<

NAME RF
EXPNO 186
FROCNO 1
Dats_ 201506G%
Time 3.4%
INSTRUM Ipact
FROBMD 5 mm PABEO BB/
PULPROG gpg30

0 €5536
SQLVENT cDCLd

NS 793

oS L]

SWH 21980.614 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 32768

ow 20. 850 usec
CE 6.50 vses
TE §713.2 K
cL 2,00000000 sac
ol 0.03000000 sec
TDO0 1
—wwwrwr= CHANNEL [l ====—=x=n
NUCL 13¢

Pl 11.00 usec
FLL 0.00 g@&
FLLW 31.6592788T W
SFOL 100.622829€ HHz
mammmmmn CHANNEL (2 smmmsw==
CPDPRG2Z waltzlé

NUCZ IH
PCPD2 80.00 usec
PL2 -2.30 dB
PLLZ 12.04 dB
FLL3 14,00 dB
PL2W 15,.14257336 W
FLL2W 0.,53235298 W
FLL3W 0.33899939 W
SF02Z 400.1316005 HHz
SI 32768

SF 100.6127745 MHE
WOW EM

SSE Q

LA 1.00 Hz
GB [}

FC 1.40

i . |

........_........._..... AN RAMARARAAS RAMARLRLAS MAMAASAAAS AR MRS MRS I AR I | BEAARARRAS RAR MRS AAASAREARS RARARRARAS MAARALLALE REALLALSAS AAAALEE

170 160 150 140 130 120 11¢ 100 90 80 70 60 50 40 30 20 10 0 ppm
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7.908
7.888
7.391
7.371
7.345
7.329
7.289
7.287
7.275
7.244
7.225
7.206
7.184
7.167
7.162
7.144
©6.846

|
§

_~4.881

™~4.848

_-3.984

T~3.952

0.031

Current Data Parameters

NAME
EXPNOQ
PROCNO

Rangu
124
1

F2 - Acquisition Parameters

Date_

20150305

Time 21.44
INSTRUM spaect
PROBHD S mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT ¢oCl3

NS 16

Ds 2

S5WH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 35.9

oW 60.400 usec
DE 6.50 usec
TE 293.7 K

£33 1,06000000 sec
TDO 1
mummrz==== CHANNEL f] sms=====
NUC1 1H

Pl 15.00 usec
PL1 -2.50 dB
PL1W 15.14257336 W
SFOl 400.1324710 MHz

F2 - Processing parameters

32768
400.1300000 MHZ
EM
0.30 Hz

1.00

.........

.........

.........

.........
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144.78
1358.76
134.29
133.58
133.19
129.91
129.62
128,22
128.72
128.64
128.35
128.19
128.06
119.65
17.36

77.04

76.73

53.37

21.74

Current Data Parameters

HAME Rangu
EXFNG 125
PROCNO 1

F? - Acquisition Parameters
Date_ 20150305
Time 22.03
INSTRUM apect
PROBHD 5 mm PABBO BB/
PULPROG +gpg30

TD 65536
SOLVERT CIX13

KNS 500

Ds 4

SWH 21980.814 Hz
FIDRES 0.365919 Hz
AQ 1.3664256 sec
RG 32768

oW 20.850 usec
DE 6.50 usec
TE 2%34.3 K

D1 2.00000000 sac
D11 0.03000000 sec
™ 1
IIIIII = CHANNEL fl wawmmwmw
RUCL1 13c

£l 11.00 usec
FL1 0 dp

PL1W 33.65927487 o
SFOL 100.6228298 MMz
m=xgpsamux CHANNEL f7 ==ssmmmm
CPDPRG[2 waltzlé
NUC2 1H
PCPD2 BQ.00 usec
PL2 -2.50 dB
PL12 12.04 4B
PL12 14.00 4B
PL2M 15.14257336 w
PL12W 0.53235298 W
PL13W 0.33899999 W
sFO2 400.1316005 MHz
F2 - Processing parametars
51 32768

SF 100.6127690 MHz
WoW EM

SSB 0

LB 1.00 Hz
GB o

EC 1.490

............... AR ARAAR AL i AR R EARAY MR | N AR L AR i RRARAAARE | A MRS R i AR MAARRASE 1 AR | RAAASARARS REARAEARL | AR

_
170 160 150 140 130 120 110 10 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters
NAME Rangu
EXPNQ 144
PROCNO 1

F2 - Acquisiticn Parameters

Date_ 20150326

Time 21.22
INSTRUM spect
PROBED % mm PABBC BB/
PULPROG zga0

™ 65536
SOLVENT cDCl3

NS 16

DS 2
SWH 8278.146 Hz
FIDRES ¢,126314 Hz
AQ 3.9583745 sec
RG 4

DW 60.400 usec
DE 6.50 usec
TE €73.2 K

Dl 1.00060000 sec
DO 1
|||||||| CHANNEL fl ===m=mm=
NuUCl 1R

Pl 15.00 usec
PL1 -2.50 dB
PLIW 15.14257336 W
SFol 400.1324710 MHz
FZ - Processing parameters
51 32768

SF 400.1300269 MAz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

FC 1.00

W T ¥

90 85 8. 0 55 50 45 40 35 30

. 20 15 1.0 05 ppm

25
OoIo|Mm
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144.63
139.70
137.45
136.04
134.69
133.59
131.28
130.00
129.83
129.59
129.38
129.12
128.32
128.28
126.33
118.66

s\

53.32

_~21.71

19.67
19.61

<

Current Data Paramaeters

NAME Rangu
EXPNQ 145
PRCCNO 1
F2 - hequisition Parametars
bate_ 20159326
Tice 21.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
e $5536
SOLVENT CDcla
NS 134
Ds 4
SWH 23980.B814 Hz
FIDRES 0.365918 Hz
AQ 1.3664256 zec
RG 32768
DW 20,850 usec
DE 6§.50 usec
TE 673.2 K '
- D Z.00000000 sec
D1l 0.03000000 sec
oo 1
mmmmmmm= CHANNEL f] =mmmmmsx
NDC1 i3c
Pl 11.00 usec
PL1 [-1-)
PLIW 33.85927487 W
SFO1 100.6228298 MH2
=rwsosan CHANNEL f2 s=scas=m
CEDPRG[2 waltzlé
NUC2 1H
PCEDZ B0.00 usec
PL2 -Z.50 d8
PL1Z 12.04 4B
PL13 14.00 dB
EPL2W 15.14257336 W
FL12W 0.53235298 W
PL13W 0.33899999 W
SE02 400.1316005 MHz

F2 - Proceasing parameters
sI 32768

SF 100. 6127690 MHz
WDW EM
SSE o

LB 1.00 Hz
GB 9

PC 1.40

150 140 130 120 110

20

U I | AR [T I | |RARAAARARY RAARRAARES RARALAARLE RAAASALLL | AR | R | AR AR | I | A A AR AR LR [ T

80

10 0 ppm
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__-2.905
=~2.873
—2.191

Current Data Parameters

NAME Ranqu
EXPNO 24
PROCNO 1

F2 - Agcquisition Parameters
Date_ 20150327

Time 6.43
INSTRUM spect
PROBHD 5 mm PABRO BB-
PULPROG zgl0

i) 65536
SOLVENT CDC13

NS 16

DS 2 .
SWH B223.685 Hgz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 71.8

DW €0.800 usec
DE 6.50 usec
TE 293.7 K

Dl 1.00000000 sec
TDC 1
IIIIIIII CHANNEL f]l sssummm=
NUC1 1H

Pl 14.80 usec
PL1 1.50 4B
PL1W 15.18650627 W
SFC1 400.0934707 MHz

F2 - Processing parameters
51 32768

SF 400.0910495 MHz
WDW EM
SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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.05
133.
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126.
125,
125.
123,
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15

81

97
15
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45
33
13
93
42
81
27

77.32
<77.00
76.68

—37.02

—21.47
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.679
.659
.632
.612
.934
.915
.836
.810
.670
.652
.636
.632
.620
.601
.589
.571
.553
.463"
.437.
.417.
.308
.288"
.234
.836
.816

Lo e A T N B B B B B e B B I N B R R ¢« T s s I s I s o]

—3.132
—3.005

—2.398
—2.156

-—-0.002
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143.
135.
.36
.19
130,
130.
129.
129.
129.
128.
.11
127.
127.
12s6.
126.
126.
.68
123.
.89
.32

134
131

a—~128

124

122
122

92
21

27
23
94
62
08
99

29
14
78
73
67

67

—37.24

—21.37



8.427
8.423
7.879
7.858
7.630
7.624
7.608
7.603
7.584
7.562
7.373
7.353
7.308
7.304
7.295
7.290
7.285
7.258
7.197
7.183
7.165
7.151
7.143
6.991

TS =

_—4.897
™~4.864
_—3.989
T~3.956

2.470

0.000

Current Data Parameters

NAME REP
EXPNC 30
PROCNO 1

F2 - Acquisition Parameters
Date_ 20150401

Time 1.41
INSTRUM apect
PROBHD 5 mm PABBO BB-
PULPROG 2930

D 65536
SOLVENT CcKl3

NS 16

s 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 31.9845889 sec
RG 191

oW £0.800 usec
DE 6.50 usec
1E 296.9 K
Dl 1.00000000 sec
TDO 1
llllllll CHANNEL f] meessaa=
NUC1 1H

Pl 14.8D0 usec
PL1 1,50 dB
PL1W 15,18650627 W
SFOl 400.0934707 MHz
F2 - Processing parameters
SI 32768

SF 400.0910090 MHZ
WD EM

5SB 0

LB 0.30 Hz
GB 1]

PC 1.00

ML A A A B B T

.........

S99



MW~ MOO oSt st O

A OMMU A0~ Ot~ QO ~ s o] Ty]
a &« & m s e 3 s 3 o & w s . ™ O~ L) ™
OO OIMNARD DO TN . .
MMM NN A r~ r~ %0 o —
i e e I B I A e A I e A I B | ™~~~ LY ™~

%
%

Current Data Parameters

HAME Rangu
EXPNO 149
PROCNC 1

F2 - Acquisition Parameters
Date_ 20150401
Time 15.15
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg 30

™ 65536
SOLVENT CDCL3

KRS 427

DS 4

SWH 24038.461 Hz
FI1DRES 0.366798 Hz
AQ 1.3631488 sec
RG 28.5

oW 20.800 ussc
DE 6.5 usec
TE 297.9 K
Dl 2,00000000 sec
0ll 0.03000G00 sac
™o 1
||||||| CHANNEL fl =mmssw=x
NUC1 13C

Pl 10,00 usec
PL1 2,00 dB
PL1W 45.44066943 ¥
SFOLl 100.6130223 MHz
ammmmmms CHANNEL [2 mmmmmm==
CPDPRG(2 waltzlé

Nuc2 1H
PCPD2 80.00 usec
BL2 1.50 dR
PL12 17,18 dB
PL13 20.18 dB
PL2W 15.18650627 W
PLI2w 0.410€3678 W
PL13W 0.20580591 W
SFO2 400, 0926004 MHz
F2 - Processing parameters
sI 32768

SF 100. 6029620 MHz
Ll EM

SSB 1]

LB 1.00 uz
GB a

BC 1.40

‘Eal e

AR RARSASAAAS AAAARASALS RARAARARAS RARSRRARAS RAAARARAAN RAASAARARE RAARALAULE MARALALALS SRS L LLLLLLL | AR | B | A | R |RARARARARSE RARRRERRM | Il | BAARARARAS

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S100



_~4.932

T™~4.900

_-3.888

T~-3.856

2.473

.........

.........

.........

.........

HAME RP
EXPNQ 167
PROCNC 1
Dace_ 2015060%
Time 4.31
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
™ 65536
SOLVENT cpell
KS 16
Ds 2
S#H 8273.146 Hz
FIDRES D0.126314 Hz
AQ 3,9584243 aec
RG 4
oW 60.400 usec
CE €.50 usec
TE €73.2 K
D1 1-90000000 sec
™o 1
IIIIIIII CHANNEL f] mwsasews
NUCY 1H
Pl 15.00 usec
PL1 -2.50 dB
PL1W 15.14257336 W
SFOt 400.1324710 MHz
s1 32768
SF 400.1300135 MH:z
WON EH
558 1]
LB .30 Hz
GB i}
PC i.60
;E‘\F Ju
......... IS L S S S S B S R I R R
2 1 0 ppm
oM
O et
ol o
[3g ] L==]
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144.
136.
134.
133,
132.
130.
130.
129.
129.
1289.
128.
128,
127.
127.
127,
125.
11s.,

%/N\

/N

79
19
06
05
91
33
c9
94
56
38
38
03
83
19
00
85
59

77.32
77.00
76.68

—3533.43

—21.69



.845
.824
.393
.388
.374
.370
.360
.339
.326
.320
.314
.308
.301
.297
.284
.280
.257
.925
. 910
.902
.888
.841
.808
.854
.820
.460
.986
.977
.969
.968
.963
. 955
.940
.933
.926

W — .918
.903
L .853
—_—
3.00 = = .838

.831
.816
.808
.801
.793
.778
.096

|
AN S ————— e N e
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h i ; XEXOFE : LR = o o
N = mu 1] @ 'R DM
5] L] » . (2] & P [¢]
n . noH
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PROCHG L
Date_ 20150514
Time 11.05
INSTRUM spect
PROBHD  § tvy PABBO BB/
PULPROG qpg0
™ 65536
SOLVENT cbcld
NS 662
[=1] 4
SWH 21980.314 ¥
FIDRES 0.365314 H
AQ 13664756 s
RG 32763
D 20,850 u
bE £.50 u
TE 6732 K
DI 2.90000060 =
T oLl 0.03000000 3.
- DO 1
}B eemswmm= CHANNEL f] mmmmw
NUCt 13¢
Z.c PL 11.00 u
PLL 9.00 d
3g Fo PLIN 31.68927227 W
sFo1 100.§225298 M
wmmmmmmm CHANNEL (2 sam=a
CPOPRG2 waltzlé
HUCZ 1E
PCFDZ 20.00 u
PLZ -2.50 4
PLIZ 12.04 d
PL1Z 14.00 d
PLIN 15.14257336 ®
PL12W 0.53215298 ®
PLIN 0.32853599 W
5FO2 400.1316005 M
s1 32768
SF 100.6127690
NOW EM
ssB 0
LB 1.00 4
GB a
PC 1.50
Ty  RARRRS AR AAARARRLS RASARRRRA | RAARRARRA RARRA T RARRRAAN RARARRRRL I RARAR R B AAMAARALS RAAMAARSSS RARSEAMAES MAARALSEAS RARARERASS LARAALLAAD AR SAS ™

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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_~4.876
™~4.843

_—3.635
T~3.602

2.470

.....

.........

.........

.........

.........

NAME o RP
EXPNO o 129
PROCNO o 1
Date_ . 20150305
Time o 21.00
INSTRUM spect
FROBHD 5 PABBO BB/
PULPROG 2g30
m €5536
SOLVENT cDC1d
NS 16
Cs 2
5WH 8278.146 Hz
FIDRES 0.126314 Hz
aQ 3.9584243 sec
RG 4
DwW 60.400 usec
DE 6,50 usec
TE 293.8B K
Dl 1.00000000 sec
TDO 1
IIIIIIII CHANNEL f]l wessssmm=
NUCL 1H
Pl 13.00 usec
PL1 -2.50 dB
PL1W 15.14257336 W
SFO1 400.1324710 MHz
SI 32768
SF 400,1300128 MHz
WDW EM v
SSB bl
LB 0.30 Hz
GB Q
PC 1.00
......... I
0 pEm
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Current Data Parameters
NAME Rangu
EXENG 123
PROCHO 1
F2 - Acquisition Paramsters
Date_ 20150305
Time 21.07
INSTRUM spect
PROBHD 5 nay FABBO BR/
PULPROG zqpg 30
™ 65536
AOLVENT cocll
N3 507
DS 4
SWH 23980,614 Hz
FIDRES 0.365%18 Hz
M L.36€4256 sec
RG 32768
o 20.850 usac
DE €.50 uzec
= 294.0 X
oL Z2.00000000 sac
oLl 0.33000000 sec
DO 1
wemmamms CHANNEL f1 mums=m==s
HUC1 13¢
Pl 11.00 usec
PL1 0 ¢B
FLIN 33.65%2708T W
SrolL 100.6220298 MHz
f£2
CEDPRG (2 waltzlé
Nuc2 1H
FCPD2 £0.00 usec
L2 2.50 4B
PL12Z 12.04 dB
PL12 14.00 dB
PL2ZW 15,14257336 W
PL12W 0.53235298 W
PLLIW 0.3389595% W
8FO2 400.1316005% MHz
¥Z - Procasning parameters
ar 32768
sr 160.6127690 MHz
wow M
3B
LB 1.00 Hz
GB
B 1.40
i
i
|
TTTT T TTTY | A | AR AR | IR | ARAARRALE LAAARALLE | AR I T[T | AR | RS B R | RSN R AR | RRRAAAAAAS RARLREEL | AR

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

0

ppm
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7.843
7.822
7.357
7.339
7.320
7.296
7.242
7.177
7.172
7.164
7.161
7.071
7.053
6.985
6.922
6.903

S -

A

_—4.865
T~4.832

T~3.653

|

o

[}

L}

.

<
Current Data Parameters
KAME Rangu
EXPHRO 140
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150319
Time 21.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPRCG zg30
TD 65536
SOLVENT CDCl3
NS 18
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 4
DW 60.400 usec
DE 6.50 usec
TE 297.6 K
ol 1.00000000 sec
paeie] 1
uuuuuuuu CHANNEL f]l =mmmm=e=
NUC1 1H
Pl 15.00 usec
PLL -2.50 dB
PL1W 15.14257336 W
SFO01 400.1324710 MHz
FZ - Processing parameters
51 32768
SF 400.1300188 MHz
WDW EM
SSB Q
LB 0.30 Hz
GB ]
PC 1.00

.....
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Current Data Parameters
NAME Rangu
EXPNO 141
PROCNG 1
F2 - Acquisition Parameters
Date_ 201503139
Time 21.18
INSTRUM apect
PROBHD 5 mm PABBO BB/
PULPROG 2qpgd0
D 65536
SOLVENT CDCLl3
NS 325
Ds 4
SWH 23980.814 Hz
FIORES 0.365918 Hz
AQ 1.3664256 sec
RG 32768
oW 20.85¢ usec
CE €.50 usec
TE 238.0 K
Dl 2.00000000 sec
D11 ©.03000000 aec
TDO 1
=mmmmmm= CHANNEL f} mwsmmsms
NuclL 13C
Pl 11.00 usec
PLL ¢ dB
PL1W 33.65927087 W
SFOL 100.6228298 MHz
|||||||| CHANNEL £2 =mese===
CPDPRG[2 waltzlé
wucz 1H
PCPD2 B0.00 usec
PL2 -2.50 dB
PL12 12.04 dB
PL13 14.00 dB
PL2W 15.14257336 W
PL12W 0.53235298 W
PL13W 0.33899999 W
SF02 400.1316005 MHz
FZ2 - Processing parameters
51 32768
SF 100.6127690 MAz
WIW EM
558 0
LB 1.00 Hz
GB o
2 1.40
- L o " " e N N " "
o s, y o, o . " - Movriuimsiont i lereciiorrm it vl i) b mrotionloaiamer

..._-......«—-......._.-.-.....—..-...ui._........._-...._-.._...-a...._.........ﬁqq....-.-—........._.........-...._....n.-q-.-.1._...-....._.....-...&....._...—....-q...m.........—........._.

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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7.869
7.865
7.850
7.846
7.777
7.757
7.728
7.708
7.632
7.612
7.582
7.580
7.563
7.561
- 7.507

|

7.357
7.337
7.326
7.300
7.296
7.272
7.253
7.217
6.950
6.931
6.911
6.867
6.846
6.833
6.812

_~3.825
~3.802

| A ﬁ-b —~ —

b o B B

Th O N

QO 0 =p o

NN NN Current Data Parameters
NAME REKM
EXPNO 11

/ \ /\ PROCNO 1891
F2 - Acquisition Parameters
Date_ 20150319
Time 14.04
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULPROG zg30
0 §5536
SOLVENT cbcl3
NS i6
Ds 2
SWH 8223.685 Hz
F1DRES 0.125483 Hz
AQ 3.9845889 sec
RG 101
DW 60.800 usec
DE $.50 usec

- TE 300.0 K

Dl 1.00000000 sec
100 1
llllllll CHANNEL f1 =mmmmma=
NOC1 1H
Pl 14.80 usec
PL1 1.50 dB
PL1W 15.18650627 W
3SFOl 400.0934707 MHz

51
SF
WOW
558
1.B
GB
PC

F2 -~ Processing parameters

32768
400.0910106 MHz
EM
0.30 Hz

1.00

T T [ [T T

40 35
EE
ola

ML B S SRS M

| .w.o
?&W—W&Wﬂ
olal lole

S5 20 15

S eSS R

1.0 ppm

S109



157.05
156.486 -

144,42

144.2¢6
139.74
136,70
133.94

132.%7
130.38

130.12

130.07
129,68
129.50

129.31
129.24

128.67
127.62

o~
=~
-+
o~
-

N SsSsS\k==r

127,58

124,91
124.18
123.94

123.08
120.96

120.66
119.86
110.88

110.59
110.48

101.42
99.40
97.69

55.50
55.46

<

———38.80
T~38.32

Current
HAME
EXPRO
#FROCND

21.863

Data Pacameters

RKM
52
1851

F2 - Acquisition Paramaters

Date_

20150319

ILime 14.11
INSTRUM =pect
PROBRD S mm PAHRO BB-
PULPROG 29pg30
T 65536
SOLVENT cocl:
NS 256
DS 4
SWi 24038.461 Rz
FIDRES 0.366798 Hz
AQ 1.3631488 sac
RG 1620
oW 20.800C usac
DE 6.50 usec
1E 300.0 K
01 2.00000000 sac
D11 0.03000000 =ec
DO 1
m====m== CHANNEL {] wra=nsen
NIXC] 13C
Pl 19.00 usec
PLE 2.00 dB
PLIW 49. 44866943 W
SEO0) 100. 6130273 ¥H2
CHANNEL F2
CPOPRGI2 waltzlé
N2 14
PCPDZ 50.00 usec
PL2 1.50 48
£LY2 17.13 dB
#1113 20.18 dB
PL2ZW 15.18650627 N
PLIZW 0.41063673 W
PL13W 0.205B055) W
SFO2 400.0926004 MHz
F2 — Processing pacamsters
st 312768
5F 100.56029620 MHz
WO M
ss5e L
LR 1.00 Hz
GB 0
(44 1.40

AN

ALAALAL) RARAREEEY

180 170

ARAARALES SALL

160

150

140

130

bbb AAAAARAAY RARRARRERY LA

120

110

100

IAARARES REALARALES RALAMLEARE LR

80

A RAAEASEERE RS

80 70

60 50

40

30

20

L M L LAY SRR RAARS LARRARR RS L

10 ppm
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NAME PB

EXPNC 456
PROQCNO 1
Data_ 20150622

Time 19,18
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SQLVENT None

NS 16

D5 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9564243 sec
RG q

R 60.400 usec
DE 6.50 usec
TE 673.2 K

Dl 1.0G000000 sec
pyals] 1
======== CHANNEL fl ========
nNuci - i

Pl 15.00 usec
PL1 ~2.90 dB
PLIW 15.14257336 W
SEOL 400.1324710 MHz
sI 32768

SF 400.1300109 MHz
WDW EM

SSB 8

iB 0.30 H=
GB 8

PC 1.00
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HaME %]
EXFNO 457
PROCHO i
Date 20150622
Time 19.22
INSTADE apect
BROBHD 5 mn PABRC BB/
PULPROG zqpgas
fa:] 65336
SQLVENT Bona
NS 1024
D &
swy 23930.814 Bz
FIDRES 0.365916 Bz
AQ 1. 2664756 sec
RG 2766
D 20.850 usec
oE 6.50 usec
TR 673.2 B
m 2.00000000 sec
D1l 0.03000000 »ec
DG 1
wanmwowns CHANNEL £1 =mwwroxe
WOl 13¢ n“.__
BL 11.00 usec
PL1 ¢.0p a3 i
PLIW 3365927887 W )
SFOol 100. 6228258 MHz
mmmnmnmr CHANNEL 2 s=wmmwes
CPDPRGZ waltzié
Fijord 18
PCRD2 B0.C0 usec
PLZ ~2.50 dB
PL1Z 12.04 dn
PL13 14.00 a9
EL2W 15.34257336 W
PL12W 0.53235288 W
PL1IRW 0.33880999 W
sT02 400.1316005 MHz
5z 32768
EF 106.612T690 Mdz
WDN EM
883 a
LB 1.40 de
GB [
PC 1.40

Ty ARAARARS AR I A ALY LA | I LAAAS RALRAREL | RLRAASARRS BRI AR AR AR AR | A LARS AR T | NLRAAAARLS BRI | AR ™

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Current Data Parameters

NAME Rangu
EXPNO 127
PROCNC 1

F2 - Acquisition Parameters
Date_ 20150316

Time 19.44
INSTRUM spect
PROBHD 5 mm PABBO B8/
PULPROG 2g30

D 65536
SOLVENT cpCl13

NS 16

DS 2

SWH B8278.146 Hz
FIDRES 0.126314 Hz
aQ 3.9583745% sec
RG 4

DW €0.400 usec
DE 6.50 usec
TE 294,1 K

Dl 1.60000000 sec
TDO 1
mmcwmmmm CHANNEL fl mm==aw==
NUC1 H

Pl 15.00 usec
PL1 -2.50 dB
PL1W 15.14257336 W
SFO1 400.1324710 MHz

F2 « Praocessing parameters
ST 32768

SF 400.1300133 MHz
WDW EM

SSB o

LB 0.30 Hz
GB a

BC 1.00
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Current Data Parameters
NAME Rangu
EXPHO 128
BROCHO 1
F2 - Acquisition Parameterzs
Date_ 20150316
Time 19.48
INSTRUM spact
PROBHD 5 mn PABBO BB/
PULPROG qpq 30
™ 65536
SOLVENT coCli
NS 268
(=] 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
aQ 1.3664256 sec
i RG 312768
i DI 20,850 usec
M DE .50 usec
ﬁ TE 294.5 K
D1 2.00000000 sec
i Dl ©.03000000 sec
| pelv] 1
|||||| CHANNEL f) mmmmmmm=
Nl 13C
| Pl 11,00 usec
! PL1 0 de
: PLIW 32.65927887 W
i SFOL 100.6226298 MHz
i mmmsmase CHANNEL £2 masmmmas
CPDPRG[2 waltz2lé
Nucz 18
PCPD2 80.00 usec
PLZ -2.%0 di
PL12 12.04 dB
PL13 4.496 dB
PL2N 15.1425733& W
PLIZHM §.53235298 W
PL13W ©.31893959 W
SFO2 400. 1316005 MEx
FZ - Processing parameters
SI 32768
ﬁ SF 100.6127137 MEL
i WO EM
i 59 0
H LB 1.00 Hz
| GB a
i PC 1.40
‘
i
[h
i
|
|
| |
L R T YT | AR MR AMARAE R b  RAAARARAA T T | A | RS MR | I | A R | I I M RAAARAARAN MAARAALALY MAARRALLL | Il

0 ppm
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7.831
7.816

7.811
7.751
7.749
7.721
7.705

7.696
7.686
7.681
7.678
7.673
7.664
7.661
7.644
7.640
7.630
7.626
7.621
7.612
7.609
7.606
7.601
7.598
7.592

7.589
7.580
7.563
7.561
7.413
7.392

7.339
7.319
7.248
6.827
6.807

i

-—3.002
——2.856
—2.420
—2.155

0.000

Current Data Parametars
NAME RKM
EXPNG 7
PROCHO 89l

F2 - Acquisition Parameters
Date_ 20150318
Time 14.38
INSTRUM apect
PROBHD 5 mm PABBO BB-
PULPROG

10

—
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Currant Data PACametsrs
HAME REM
EXPNO 8
PROCND 1891
FZ - Agquisition Parameters
Date_ 20150318
Tine Lé.45
INSTRUM spect
PROBHD 5 m PABRO BB
PULPROG 29pg30
T 65536
SOLVENT ¢pell
NS 512
o8 4
Bl 24038.461 Hr
FIDRES ©0.366798 Hx
AQ 1.3631488 aec
RG 28.5

b
NUCi 13c
Pl 10.00 usec
PLY Z.00 dB
FL1W 4944966943 W
SFO1 100, 6130227 MHz
|||||||| CHAKHEL EJ ==mms=m=
CPOPRGIZ waltzlé
NUC2 1K
PCFD2 90.00 uaec
rL2 1.50 dB
PL12 17.18 dB
Pri3 20.18 4B
PLZW 15.LBES0E2T W
PL1ZW 0. 41063678 W
ELl3W 0.20580391 W
SFO2 400. 0926004 MHz
F2 - Processing parameters
st 32768
5F 100. 6029674 MHZ
wWow £
Sg8 o
23 1.00 Az
[4:3 ¢
pc 1.40
I
TTY YT T T T I TrTITTTT T TTT T T TTTYY TTY Y VT I T TTTTTTTTT Y YT T T T T T T T T T T YT T T T T T T T T T T T T T TTT T T TN T TN T T T T YT Y TV T T T T T T T T T T T T T T TP T T T Ty T T T T T T T TTTTTTTT T
| I | i | 1 ] i | I I | | I 1 | | ] i I

I
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 pp
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—4.,861
—4.084

2.471

0.000

Current Data Parameters

NAME
EXPNQ
PROCNG

Rangu
151
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
T
SOLVENT
NS

DS

SWH

20150403
9.50
spect

5 mm PABBC BB/

CDC13
16

827B6.146 Hz
0.126314 Hz
3.9583745 sec

4
60.400 usec
6.50 usec
673.2 K
1.00000000 sec
1

ssmssws= CHANNEL [l =====u=w

NOC1
Pl
PL1
PLIW
SFol

F2 - Processing pa,
51

1H
15.00 usec
-2.50 dB
15.14257336 W
400.1324710 MHz

ramefers
32768

SF 400.1300117 MHz

WDH EM

S58B [

LB 0.30 Hz

GB 0

PC 1.00
|

.........

"W HEedas

.........
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Current Data Parametars

MAME Rangu
EXPHO 150
PROCHO 1

F2 - Acquisition Parameters
Date_ 20150403
Tima 0.14
INSTRUM apect
PROBHD 5 mm PABBO BB/
PULPROG 2g9pg30

I 65536
SOLVERY cpcla

L] 583

DS 4

SWH 23980.814 Hz
FIDRES D0.365918 Hz
M 1.3664256 sec
RG 32768

DW 20.850 usec
DE 6.50 usec
TE 673.2 X

Dl 2.00000000 sec
Dll 0.03000000 sec
TDO 1
wwmwmmmm CHANNEL fl =wewm=s=
NDCYL 13c

P1 11.00 usac
PL1 & 4B

PL1W 33.65927887 W
EFOL 100.6228298 MHz
mmmmmeme CHANNEL 7 mmmsmmme
CPDERG[2 waltzlé
NUC2 1B
PCPD2 80.00 usec
PL2 -2.50 dB
PL12 12.04 dB
PL13 149.00 dB
PL2W 15.14257336 W
PLL2W 0.53235298 W
PL13W £.33899999 W
SFO2 400.1316005 MHz

F2 - Processing parameters
5L 32768

sF 100.6127690 MHz
Lie EM

85B o4

LB 1.00 Hz
GB L)

BC 1.49

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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.802
.782
.7120
.699
.498
462
.328
.308
.293
.283
.280
.271
.255
.253
.245
.243
.238
.233
227
.223
.215
.212
.208
L2086
.198
.193
.184
.178
172
.165
.160
.125
.121
.117
.106
.091
.087
.075
.066
.061
.053
.049
.039
.8353
.851
.833
.829
.824
.819
.810.
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.559
.658
.272
.635
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. L T S T R T T T S SR SR SR~ LI i 3 a — = (Vo]
MM~ OOOOONUNOONNGNOOOOOUOOErRMEMPMPERRWOWWOWLWOWWOW N . .
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NAMZ 13-}
EXPNO 342
PRCCNO 1
Date_ 20150315
Time Q.54
INSTRUM spoeot

FROZHD Y mm PAOBC BBS
006

A i I CEAC
TE 291.0 K
mvdlﬁrm-lu. mb | 3l 2.00000005 sec
3i1 5.63000E05 sex
i oo 1
: vt CHANNEL {1 =mmmn

NUCl L3¢

CPOZRGE walizle
NUC2 1%
PCPDR2 20,00 usec
Dk -Z.30 dB
PLIZ 1Z2.04 dB
PL13 14.0% dB
PLZW 257336 W
PLIZW 235298 W
PLI3W 399999 W
EFOZ 005 MKz
£l 32768
3F 192,.6127690 MEz
WOW EM
858 1}
LB 1.00 Rz
GB b

n

170 160 150 140 130 120 110 100 90 80 70 60 30 40 30 20 10 0 ppm
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NAME PE
EXPNO 336
PROCNO 1
Date_ 20150312

Time 22.34
INSTRUM spect
PROBHD 5 mm FABBO BB/
PULPROG zg30

D 65536
SOLVENT cpcl3

NS 16

DS 2

SWH 8279.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 4

DW 60.400 usec
DE 6.50 usec
TE 294.2 K

Dl 1.00000000 sec
TDO 1
llllllll CHANNEL fl1 ========
HUC1 1H

Pl 15%.00 usec
PL1 -2.5%0 dB
PL1W 15.14257336 W
SFol 400.1324710 MEH=z
SI 32768

SF 400.1300000 MHz
WDHW EM

55B 0

LB 0.30 H=z
GB 0

PC 1.00
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NAME 2B
EXFNO 337
PROCNO 1
Date_ z015¢212

Time 22.28
INSTRUM spect
PROBHL & mm PABBO B3/
PULPROG 2gpg30

™ €5b26
SCLVENT coCl:

NS s

Ds 4

Sw 22580.819 H:
FTIDRES C.365918 Hz
AT 1. 2664756 sec
BG 32768

Dw 20,850 usec
= €.50 usec
= 29<.5 X

= 2.C000L000 sec
D1l 0.C200C000 sec
TR 1
e CHANNEL ] ===om=e=
NUCl 1iC

Pl 11.00 usec
PLL ¢.00 dB
PLLIW 33.65927887 W
S¥0l 100. 6228238 MH:z
mummmees CHANNZL f2 ===ssses
CD2RG2 waltzlé

NO?2 1K
PTPDZ 8C.00 usec
P12 -2.50 dB
FLlZ 12.04 dB
PL13 ) 14.C0 4B
PL2W 15.142573326 W
PLLZW 0.53235298 W
BLl3W 0.33999939 W
SFOZ 400.1216005 MHz
£1 32068

EF 100.6127430 MHz
WDH M

S8R o}

L3 1.00 Hz
G5 ¢

FZ 1.4¢0

5
200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 0 ppm
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1.

.991
.970
.934
.912
.878
.858
.823
.803
.773
.752
.670
.649
.381
.378
.361
.353
.339
.335
.331
.324
.305
.301
.284
.280
.273
.266
.257
.250
.245
.227
.136
.131
.123
.118
.103
.100
.088
.083
.073%
.066
.063
.046
.042
.955
.804
.638
.381
.374
.363
.356
.346
.328
.348
.333
.408
.390
.371
353



FB

oww
Date_ 20150603
Tima 19.40
= INSTRUM spect
T o PROBHD 5 mm PABEQ BB/
PULPROG zgpq 0
N ™ 65536
SOLVENT cocl3
. N3 kit
DS 4
SWH 23980.814 Hz
FIDRES 9.365918 Hz
AQ 1.3664756 sec
RG 32768
oW 20.850 usec
DE 6.50 usec
TE 673.2 K
Dl 2.00000000 sec
D1l 9.83000000 sec
™o . 1
nnnnnnnn CHANNEL £1 =masama=
NUCL 13c
Pl 11.00 usec
PL1 0.00 dB
PLINW 33.659278587 W
SFO1 190.622B298 MEz
mmmmmamm CHANNEL £2 =wmwweww
CPDPRG2 waltzlé
NUC2 id
PCPDZ 80.00 usec
PL2 -2,50 dB
PL12 12.04 dB
PL13 14.00 dB
PLZW 15.14257336 W
PL1i2W 0.53235298 W
PL13W 0.33899999 W
SFO2 400.1316005 MHz
51 32768
SF 100,6127690 MHz
WoW BM
5358 G
:3 1.00 Rz
GB ]
PC 1.40

i ARAAMAALAS SAMAALLARS MAAMALRALAS REALAGEAM SALALRALLAS RRALALAALE MALAAALLLY RALLAAMALY MALAAAAAAS MAALALALA M SALALALY MAAAAAASAS uAAAAALAS MAAMALALS LALMLALLL) RARARLLA] MAALAALAMS RARALAAAL] LAALSARARS RAMALALLA) RASRAARAK b

RSAdd pades
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ¢ ppm
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NAME PB

EXPNO 432
PROCNO i
Date_ 20150609

Time 19.45%
INSTRUM spect
PROBHD 5 mm FABBO BB/
PULPROG zg30

TD 65536
SOLVENT CcDCl3

NS 16

DS 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 4

D 60.400 usec
DE 6.50 usec
TE 673.2 X

D1 1.00000080 sec
TDO 1
m=mumss= CHANNEL fl ss===a==
NUC1 1

Bl 15.00 usec
PL1 -2.50 @B
FLIW 15.14257336 W
SFC1 400.1324710 Mz
51 32768

SF 400.1300134 MHz
WDW EM

SSB 0

LB .30 He
GB 0

PC 1.00
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144.22
144,02
138.31
138.25
135.51
135.32
135.09
134.72

-134.14
-133.64
r132.89

g-131.91

& 131.81

% 131.56

%
20 i0 0 ppm

190 180 170 160 1

50

131.48
129.79

129.68
129.57
129.21
129.03

140 130

128.95

128.64
128.56
128.43
128.33

120 110

128.07
127,91

127.21

100

121.68
121.27

90

120.85.
119.62
118.56-

80

112.57
112.21 .
98.20

70

92.64_
84.99..

83.07

60

77.08
76.76

77.40

50

53.29-
52.14

40

47.31

30

.

—

™~
NAME PB
EXPNO 433
PROCKO 1
Date_ 20150609
Time 19.47
INSTRIM spect
PROBHD 5 mem PABRO BB/
PULPROG zqpg 30
D £5536
SCLVENT £BCLl3
NS 1302
Ds 4
SWH 23980.814 Hz
F1DRES 0.365918 Hz
AQ 1.3664756 sec
RG 12765
oW 20,850 usec
DE €.50 uses
TE E73.2 K
03 2.00000000 mec
Dil ¢,0I000000 sec
D0 1
lllll OHANNEL f] =mes=me=
NOCL 13C
Pi 11.0C usec
PL1 Q.00 48
PL1W 33.65927887 W
5701 100.622829¢ MH:z

wrnamene CHANNEL {2 ==msaome

CPDPRGZ waltzlé
NUCZ 1K
PCPD2 80.00 usec
PL2 ~2.50 dB
PL12 12.04 4B
PL13 14.00 dB
PLZW 15.14257336 W
PL1ZW 0.53235298 W
PL13W 0.3389999% W
SFO2 460.1316005 MH2
8T 32768

st 109.612769C Mz

HOW EM
o
3.00 Hz
0
1.40
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HUGDITFTMUOORLE AT =S50 MT
CSMOESOHEZOASOOT AR D K E
(=1 = Powm3al oWz
X < X =a 8 0am
1 WTW§ 20
w z Oog Q
[ -4
v
3
E]
—
' w o
=1 =4 = ]
= W o o
=3 ) [N ] T =
D =] LA ] [ ] B
O -l e GUN T ao
Cw=- B NwWe SEQ mh - oo
D D s s ke W D0 R e
OCNOODBWBRANRWAD TR NT
WRCLD W
@ wh o aAaNN
1} [L 3] kel
(£

.831
.8190
.760
.739
.646
.643
.626
.512
.508
.347
.342
.327
.323
.303
.288
.270
.251
.240
.231
.218
.209
.192
.118
.114
.106
.102
.784
.590
.530
.865
.450
.411
.257
.216
.208
.186
.187
.183
.175
L7178
.767
.761
. 747
. 740
.730
.723
.708
.702
.443
.433
.426
.420
.414
.403
.396
.390
.383
.000
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144.94
143.66__
143,42
139.98-
139.61
136.62
136.57
136.12
135.99
135.38
134.64
134.31
134.10
129.82
129.78
129.72
129.62
129.32
129.20
128.85
128.83
128.75
128.58
128.51
i 128,37
- 128.12
-128.07
i-127.98
-127.95
L127.87
127.79
127.175
1 127.59
1 127.21

or 06 09 0L

0z 0¢

0t

udd

118.52
117.33
101.64.
95.31
77.39
77.07
76.75
72.41
70.35
52.98
51.7%
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O AP OPNOCOO Y~
M0 OO WL I~ O
W oW LWL WS )0
[ T T
~r~t~M~e~~~ce s~
e\ _ )
EXPRO 38z
PROCNO 1
20150473
Z1.56
apect
NG 5 ran PRBBO B3/
zg30
Z D E5536
W SOLVENT oDCl3
NS 16
7 o DS 2
SHI 8278.146 Uz
FIDRES £.126314 He
AQ 3.9584243 sec
PG 4
DwW £0.400 usen
BE £.50 usec
IE 673.2 K
1 1.¢003%0050 sec
TCO i
< THANNEL fl mwsms===
1K
15.30 usec
~2.50 db
15.14257336 W
£00.1324710 ¥Hz
3276%
400.73°0000 MHz
=M
o
0.30 Hz
¢
1.36
n _J . s M U
L L A e S B S S R T T M L e L B B s |
8 7 5 4 3 2 1 0 ppm
S|~ |FH (O
OO |H|OO N
NI
O |H[NICO|O
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— et et ord e e e

S e "
EXPNO 261
PROCHOD 1
Date_ 20150424
Timae .07

INSTRUM spact.

/ PROBHE 5 mm PABBO BB/
= PULFROG gpg30
© byl 65536

zZ SCLVENT COC13
N3 T168

\

bs 1

7 £ awR 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 1625.5
2.0 29.850 usec
BE .50 usec
1E 673.2 K
Dl 2.00000000 sec
pil 0. 03000000 sec
00 1
mmmmme— CHANNEL (1 ——mwee—
NUC1 13C
Pl 11.00 usec
PLY 0.00 dB
PLIW 33.65927887 W
SFO1 100.62286298 MHz
m==mm=== CHANNEL f7 ===m=mwn=
CPDPRGZ waltzlé
NUC2 14
PCPD2 30.00 usec
PL2 -2.30 dB
PL12 12.04 dB
PL12 14.00 dB
PL2W 15.14257336 W
PL12MW 0.53235298 o
FL13W 0.338999%9 w
SFo2L 400,13160065 Miz
51 32768
ST 100.61276%0 MH:z
WOW EM
558 0
1B 1.00 He
GB 0
FC 1.40

[ad RAAA AL | A i MAAAARAARS RARAALAARE RAMALAMAAS MAARLALLES RALAALASE RbbbRAaha | AR | AR A | AR IR T Al RAAARR ALY RAMAARRAAS RAALARALAS RAAMALEALS MLLLAALARE MLl

170 "160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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7.799
7.782
7.660
7.644
7.339
7.316
7.312
7.306
7.302
7.294
7.287
7.282
71.276
7.260
7.254
7.250
7.242
7.239
7.231
7.224
7.144
7.137
7.130
7.126
5.603
5.590
5.576
4,536
4.508
4,403
4.375

3.022
3.009
2.995
2.982
2.960
2.946
2.933
2.918
2.453
—2.008

/
\

-& /_ \\ NAME PB
EXPRO 446
7 FROCNO 1
__I Date_ 20150611
z Time 14.54
\\ ,% INSTRUM spect
- FROBHD 5 mm PABBO BB~
o 8 PULPROG 2930
Q T 65536
2 SOLVENT cpeLs
N3 i6
o8 2
SWH 10330.578 Hz
FIDRES G.157632 Hz
AQ 3.1719923 sec
RG 71.8
ow 48.400 usec
DE 6.50 usaec
TE 296.8 K
m 1.00000000 sec
DO 1
mmm==ma= CHANNEL f1 wes==ss=
NUC1 1H
Pl 14.90 usec
PL1 2.00 4B
PLIW 12.8534B415 W
5F01 500.1830888 MHz
51 32768
SF 500.1800000 MHz
[ e EM
858 [+
LB 0.30 Hz
GB 0
PC 1.00
_r - | 1
.................. T Ty
1 0 ppm

3.00

S o - AT R
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0 TOMMONNNNNNNNN O™~ 0 n < — O

— A A A A A A A A A4 A QM~r-r~w w [Tg) < NN
HAME PB
EXENO 444
PROCHO 1
Date_ 20150811
Time 14,357
INSTRUN spece,
PROBHD 5 mm PABRO BB-
PULPROG 2gpgiC
m 65536
SOLVENT D13
Ns 118
DY 4
SWR 29761.904 Hz
FIDRE3 0.454131 Hz
AQ 1,1010548 sec
RG 40.3
DW 16.800 usec
DE 6.50 usec
TE 297.2 X
ot 2.00000000 2ec
a11 0.8300C000 sec
™0 1
IIIIIII % CHANNEL fl mascomas
NUCL 13
Fl 9.60 usec
PL1 0.00 dB
PLiM 76.36135101 w
130§ 125.7825381 MHe
mcmmaes=s CHANMEL 12 amwoszew
CPOPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usac
PL2 2.00 dp
PL12 16.50 dB
PL13 16.50 dB
PLZIW 12.85348415 o
PL12W 0.45605820 W
FL13W 0. 45605880 W
SFOZ 300.1820007 MHx
31 az768
SF 125, 7703610 ¥z
WDW EM
598 4]
LB 1.00 Re
GB 1)
PC 1.40

...... R L L i B s e e L B A L M T e
180 170 160 150 140 130 120 110 100 90 80 ‘70 60 50 40 30 20 10 0 ppm
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~r~~r~~r~Ccrr~rcece0 W W0 uwy = o ™ o NN
NAME PB
EXPNO 463
PROCNO 1
Date_ 20150625
Time 17.44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
™ 65528
SOLVENT CRCL3
NS 16
DS 2
SHH 8278.146 Hz
FIDRES 0.126314 =z
AQ 3.8%584243 sec
RG 4
DW 60.400 usec
DE 6.50 usec
TE 673.2 K
D1 1.00002000 sec
DO 1
|||||||| CHANNEL f] ====mma=
NUC1 1H
Pl 15,00 usec
PL1 -2.5C dB
PLIW 15.14257336 W
SFO1 400.132471C Mz
81 32768
SF 400.1300000C Mz
WoR EM
55B ]
LB 0.30 Hz
GB 9
pc i.00
M,
......... _........._........._.q............-............_.....<............_.......q._4......4.
8 7 6 5 3 1 0 ppm
MO |~ (o] L O Q — O
Qe ]r < (<)) —l [=311a] o bl L]
. - L] L] - - L] - L] .
N NN Len) o N[O o oM
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DL~ OWOWAHRODDOO~™WOWN LI B . . .
HLTOMONCNANNNNNNN ~ r~ v (=)} [+a) —
Lo B B B B B B B I I B I I I r~ ~ -~ - (3] N
NS Ny N/ | e e
EXPNG 465
PROCNO 1
Date_ 20150625
Time 18.22
INSTRUM spact
PROBHD 5 mu PABBO BB/
PULPROG Zgpg30
T 65536
SOLVENT cbcil
NS 121
DS 1
SWH 23980.8:4 Hz
PIDRES 0.3653918 Az
AQ 1.3664756 sec
RG 32768
Dw 29.850 usec
DE €.50 vsec
IE 673.2 K
Di 2.09090000 sec
D11 0.03000000 zac
Do H
mmmmwmen CHANNEL £l mssaswmw
KUCL iic
Pl 13.00 usec
PLl 0,00 4B
PLIW 33.65927887 W
5Fol 100.6228298 Mz
------ oww CHANNEL £2 ==e=m=m==
CPDFRG2 waltzlé
Nucz 1B
. PCPD2 80.C0 usec
PLZ -2.50 dB
PL12 12.04 dB
PL13 14.00 dn
PLZW 15.14257336 w
PLiZW 0.53233298 W
PLL3W 0.3389599% W
SFO02 400.1316005 MAz
ST 32768
SF 100.6127630 Mz
oo EM
58B [}
LB 1.00 Hz
GB 0
PC 1.40¢

i Raaa e A ML e [rerrree preerrre e prevereres [ rr—— prrrrrrr [rrrrrr————— e prerrrrrr e prrrees e e
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ¢ ppm
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—3.260
—2.951

——2.496

T™~2.421

—1.938
—1.760

A J

Current Data Parameters

NAME FB
EXPNO 61
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150720
Time 6.58
INSTRUM spect
PROBHD 5 mm PARBO BB-
PULPROG 2930
™ 65536
SOLVENT €pCl3
NS 16
oS 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719425 sec
RG 287
DW 48,400 usec
DE 6.50 usec
TE 315.9 K
D1 1.00000000 sec
TDO 1
lllllll CHANNEYL f] wsasasas
NuC1i 1H
Fl 14.90 usec
PL1 2.00 dB
PL1W 12.85348415 W
S$FO1 500.1830888 MHz
F2 - Processing parameters
S1 32768
SF 5$00.J1800000 MHz
WDW EM
558 4]
LB 0.30 Hz
GB 0
PC 1.0C

e

........

.........

.........

.........

.....

.........
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EXPRO 475
PROCNO 1
Date_ 20150629
Tipe 17.00
INSTRUM apact
PROBRD 5 mm PABBO BB/
POLFROG 1gpg30
I 65536
SOLVENT CcDC13
N8 2433
PE 4
26H 23980.814 Bx
PIDRES 02.365918 k2
AQ 1.3684756 sec
RG 32768
DR 20.850 usec
DE 6.50 usec
TE §713.2 K
Dl 2, 00000000 seq
B11 0.039000C0 sec
0O 1
stnommmen CHANNEL {1 weswsees
NuCil 13C
Pl 11.09 uzec
PLY 0.00 dB
PLiNW 33.65927987 W
SFGL 1069. 6228298 Miz
tomrmman CEANNEL £? mermwsuaw
CPDPRG2 waltzlé
RUC2 IH
PCFD2 80.00 usec
PL2 ~2.50 d&
PLi2 i2.04 dB
PL13 14,00 dB
PL2W 15.14257336 W
PL12w 9.53235298 W
PL13W 0.33093939
SFO2 400.1216005 MHz
8I 32762
SF 160.$12769¢ MHz
WDW EM
£88 ]
LB 1.00 Hz
GB 0
g 1.40

1
] y
AR AL RS RARLALAAAY LAAREALEL | I A REARLAALE | b UAARE RARAAARAL  RARARALL i RAARARAML) LAALARRLL | R b AL LARAAALALY ALALLLLL} | AR | MAAARAARAS RALLLALE | AL | ASARLARALS RAALARALE: | R
120 180 170 160 150 140 130 120 110 100 990 80 70 60 50 40 30 20 10 0 PPpm
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2a-D

2.464

_4.048
=~4.020

NAME b ]
EXPRC 434
PROCNO 1
Date_ 20150609
Time 20.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930

D 65536
SOLVENT CRCl3

NS 16

DE 2

SHH B278.146 He
FIDRES 0.126314 Hz
AQ 3.93584243 sec
RG 4

DwW 60.400 usec
DE 6.5C usec
TE 673.2 K
ol 1.00000600 zec
TDO 1
=rm===== CHANNEL fl =ss====-
RUC1 1H

P1 15.00 usec
PL1 -2.50 dp
PLIW 15.1425733¢6 W
SFO1 400.1324710 MHz
51 32768

SF 403.1300129 MHz
L EM

&8h )

LB 0.30 Hz
GB 0

PC 1.00

---------

.........

_......... _ s i e [ r——————— [ —r—————— T _
8 7 & 5 4 3 2 1 ) ppm
™ <[] r~ ) o
[¢)} MO |O (o) } (o3} o
— ojsr|m o o o
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128.95

128.77

128.58
128.31

128.19

128.08
127.49
127.41

77.39
77.08

76.76

52.42

21.70

FLiW
sFI1

CPDPRGZ

we DHARNEL 12 =

PB
437

1
20150630
i5.02
spect
L mm PAB3O BB/
2gpglc
6553
[aloh ]
463
4
23380, 814 Ha
C.3E5315 Hr
1.3£647%€ sec
327€6
25,350 usec
6.0 usec
673.2 ¥
Z.000C0000 sec
0.CI000000 sec
1

CHANNEL [] =wewa=ses

1iC
11.00 usec
C.L0 a2
33,65327BE7 W
100.6228295 MHz

14.00 dB
15.14257 256 W
0.532352%8 W
Q.32592%9% W
400,1716005 MHz
327£6
10C.8,2769D MHz
EM
¢
1.00 Hz
c

1.40

160

150

140

130

120

110

100

90

80

70

60

50

40

30

20

10

0 ppm
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