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1. General information

All reactions were carried out in oven-dried glassware sealed with rubber septa. All
solvents were distilled under nitrogen atmosphere prior to use. THF was dried over
sodium; toluene and acetonitrile was dried over CaH,. Purification of products was
conducted by flash chromatography on silica gel (200-300 mesh). NMR spectra were
measured on a Varian 400 ("H at 400 MHz, 3C at 100 MHz) magnetic resonance
spectrometer. Chemical shifts are reported in ppm using tetramethylsilane as internal
standard (s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, m =
multiplet). Infrared spectra were recorded on a Nicolet Avatar 330 Fourier transform
spectrometer (FT-IR) and are reported in wave numbers (cm™!). MS data were
obtained on an Agilent 5975C inert 350 EI mass spectrometer (GC-MS). HRMS data
were obtained on a VG ZAB-HS mass spectrometer, Brucker Apex IV FTMS
spectrometer. Compounds described in the literature were characterized by

comparison of their 'H, and/or 3C NMR spectra to the previously reported data.
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2. General procedure of the reaction

Typical procedure for the synthesis of 3.

A solution of aryl halides 1 (0.5 mmol, 1.0 eq), Pdy(dba); (0.025 mmol, 5 mol%),
TBD (0.0125 mmol, 2.5 mol%), DBU (0.6 mmol, 1.2 eq) and formate 2 (1.5 mmol,
3.0 eq) in toluene (5 mL) was charged in a tube. The tube was sealed with a cap,
placed in an oil bath and stirred for 12 hours at 80 °C. Then the reaction was quenched
with water (20 mL), extracted with DCM (3x10 mL), dried with anhydrous Na,SO,.
After evaporation, chromatography on silica gel of the reaction mixture afforded
desired product 3.

Typical procedure for the synthesis of 5.

A solution of aryl halides 1 (0.5 mmol, 1.0 eq), Pdy(dba); (0.025 mmol, 5 mol%),
TBD (0.0125 mmol, 2.5 mol%), DBU (0.6 mmol, 1.2 eq), formate 2a (1.5 mmol, 3.0
eq) and 4 (0.5 mmol, 1.5 eq.) in toluene (5 mL) was charged in a tube. The tube was
sealed with a cap, placed in an oil bath and stirred for 12 hours at 80 °C. Then the
reaction was quenched with water (20 mL), extracted with DCM (3x10 mL), dried
with anhydrous Na,SO,. After evaporation, chromatography on silica gel of the
reaction mixture afforded desired product 5.

Typical procedure for the synthesis of 7.

A solution of 2-iodoanilines 6 (0.5 mmol, 1.0 eq), Pd,(dba); (0.025 mmol, 5 mol%),
TBD (0.0125 mmol, 2.5 mol%), DBU (0.6 mmol, 1.2 eq) and formate 2a (1.5 mmol,
3.0 eq) in aqueous toluene (5 mL) was charged in a tube. The tube was sealed with a
cap, placed in an oil bath and stirred for 12 hours at 80 °C. Then the reaction was
quenched with water (20 mL), extracted with DCM (3x10 mL), dried with anhydrous
Na,SO,4. After evaporation, chromatography on silica gel of the reaction mixture

afforded desired product 7.
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3. Characterization data
0

QAOM

3a
butyl 4-methylbenzoate (3a): Colorless oil, 75mg, 78% yield; 'H NMR (400
MHz, CDCl3) 8 7.92 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 4.29 (t, J = 6.0 Hz,
2H), 2.39 (s, 3H), 1.73 (dd, J = 1.0, 5.0 Hz, 2H), 1.50-1.43 (m, 2H), 0.96 (t, /= 7.0
Hz, 3H); 3C NMR (100 MHz, CDCl3) & 166.8, 143.4, 129.5, 129.0, 127.8, 64.6, 30.8,
21.6, 19.3, 13.8; IR (neat) 3480, 1641, 740cm™'; HRMS (EI-TOF) calcd for C;,H;40,

192.1150, found 192.1152.
O

@AWA

3b
butyl benzoate (3b): Colorless oil, 71mg, 80% yield; 'H NMR (400 MHz,
CDCl) 6 8.08-7.97 (m, 2H), 7.57-7.50 (m, 1H), 7.42 (dd, /= 10.0, 5.0 Hz, 2H), 4.31
(t,J=16.0 Hz, 2H), 1.78-1.71 (m, 2H), 1.47 (dd, J=15.0, 7.0 Hz, 2H), 0.97 (t,J=7.0
Hz, 3H); 3C NMR (100 MHz, CDCl3) & 166.7, 132.8, 130.5, 129.5, 128.3, 64.8, 30.7,
19.3, 13.8; IR (neat) 3477, 1640, 740cm™'; HRMS (EI-TOF) calcd for C;;H;40,

178.0994, found 178.0995.

O/\/\
o

3c

butyl 4-methoxybenzoate (3¢): Colorless oil, 88mg, 85% yield; "H NMR (400
MHz, CDCl3) 8 7.98 (d, J = 9.0 Hz, 2H), 6.90 (d, J=9.0 Hz, 2H), 4.27 (t, J = 7.0 Hz,
2H), 3.84 (s, 3H), 1.72 (dd, J = 10.0, 5.0 Hz, 2H), 1.49-1.42 (m, 2H), 0.96 (t, J =
7.0Hz, 3H); 3C NMR (100 MHz, CDCl;) 6 166.4, 163.2, 131.5, 122.9, 113.5, 64.5,

55.4, 30.8, 19.3, 13.8; IR (neat) 3465, 1639, 1264cm'; HRMS (EI-TOF) calcd for
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Ci2H;605 208.1099, found 208.1099.

0
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3d
butyl 4-chlorobenzoate (3d): Colorless oil, 78mg, 74% yield; '"H NMR (400
MHz, CDCl3) §7.96 (d, J = 9.0 Hz, 2H), 7.39 (d, J = 9.0 Hz, 2H), 4.30 (t, J = 7.0 Hz,
2H), 1.73 (dd, J = 10.0, 5.0 Hz, 2H), 1.48-1.42 (m, 2H), 0.96 (t, /= 7.0 Hz, 3H).; °C
NMR (100 MHz, CDCl;) 6 165.8, 139.2, 130.9, 128.9, 128.6, 65.1, 30.7, 19.3, 13.7;
IR (neat) 3465, 1640, 741cm'; HRMS (EI-TOF) calcd for C;;H;5ClO, 212.0604,

found 212.0607.

butyl thiophene-2-carboxylate (3e): Colorless oil, 75mg, 81% yield; 'H NMR
(400 MHz, CDCl3) 6 7.78 (dd, J = 4.0, 1.0 Hz, 1H), 7.52 (dd, J = 5.0, 1.0 Hz, 1H),
7.08 (dd, J=5.0, 3.0 Hz, 1H), 4.29 (d, /= 7.0 Hz, 2H), 1.71 (dd, J = 5.0, 3.0 Hz, 2H),
1.44 (m, 2H), 0.95 (t, J = 7.0 Hz, 3H); 3C NMR (100 MHz, CDCls) 8 162.3, 134.1,
133.2, 132.1, 127.7, 65.0, 30.7, 19.2, 13.7; IR (neat) 3478, 1641, 740cm’!; HRMS

(EI-TOF) calcd for CoH,,0,S 184.0558, found 184.0554.

o
o

3f
ethyl 4-methoxybenzoate (3f): Colorless oil, 69mg, 77% yield; 'H NMR (400
MHz, CDCly) 6 7.98 (d, J = 9.0 Hz, 2H), 6.89 (d, /= 9.0 Hz, 2H), 4.32 (q, /= 7.0 Hz,
2H), 3.83 (s, 3H), 1.36 (t, J = 7.0 Hz, 3H); '3C NMR (100 MHz, CDCl3) 6 166.4,
163.2, 131.5, 122.9, 113.5, 60.6, 55.4, 14.4; IR (neat) 3466, 1611, 740cm'!; HRMS

(EI-TOF) caled for CoH,05 180.0786, found 180.0788.
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ethyl thiophene-2-carboxylate (3g): Colorless oil, 59mg, 75% yield; 'H NMR
(400 MHz, CDCl3) 6 7.78 (dd, J = 4.0, 1.0 Hz, 1H), 7.53 (dd, J = 5.0, 1.0 Hz, 1H),
7.08 (dd, J = 5.0, 4.0 Hz, 1H), 4.33 (q, J = 7.0 Hz, 2H), 1.36 (t, J = 7.0 Hz, 3H); 13C
NMR (100 MHz, CDCl;) 6 162.3, 134.1, 133.2, 132.2, 127.7, 61.1, 14.3; IR (neat)

3474, 1642, 742cm'; HRMS (EI-TOF) calcd for C;HgO,S 156.0245, found 156.0251.
0]
= | o
N
3h
ethyl isonicotinate (3h): Colorless oil, 52mg, 69% yield; 'H NMR (400 MHz,
CDCl;) 6 8.75 (d, J = 6.0 Hz, 2H), 7.83 (d, J = 6.0 Hz, 2H), 4.39 (q, J = 7.0 Hz, 2H),
1.38 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) & 165.1, 150.5, 137.6, 122.8,
61.8, 14.2; IR (neat) 3476, 1642, 741cm'; HRMS (EI-TOF) calcd for CgHoNO,

151.0633, found 151.0635.
O J\
©)J\O
3i
isopropyl benzoate (3i): Colorless oil, 51mg, 62% yield; "H NMR (400 MHz,
CDCl) ¢ 8.03 (d, J = 8.0 Hz, 2H), 7.55-7.49 (m, 1H), 7.41 (t, J = 8.0 Hz, 2H), 5.24
(m, 1H), 1.36-1.34 (m, 6H); 3C NMR (100 MHz, CDCl;) & 166.1, 132.6, 130.9,

129.5, 128.2, 68.3, 21.9; IR (neat) 3459, 1638, 712cm’'; HRMS (EI-TOF) calcd for

CioH 120, 164.0837, found 164.0836.

o
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tert-butyl benzoate (3j): Colorless oil, 41mg, 46% yield; '"H NMR (400 MHz,
CDCls) 6 8.00-7.95 (m, 2H), 7.53-7.48 (m, 1H), 7.42-7.38 (m, 2H), 1.58 (s, 9H); 13C
NMR (100 MHz, CDCl3) 6 165.8, 132.4, 132.0, 129.4, 128.1, 80.9, 28.2; IR (neat)

3476, 1643, 740cm!'; HRMS (EI-TOF) calced for C;;H40, 178.0994, found 178.0996.
0]

o

3k

isobenzofuran-1(3H)-one (3k): White powder, 51mg, 76% yield; '"H NMR (400
MHz, CDCl3) & 7.90 (d, J = 8.0 Hz, 1H), 7.67 (t, J = 8.0 Hz, 1H), 7.50 (dd, J = 17.0,
8.0 Hz, 2H), 5.31 (s, 2H); *C NMR (100 MHz, CDCl;) 8 171.1, 146.5, 134.0, 129.0,
125.7, 125.6, 122.1, 69.6; IR (neat) 3475, 1636, 737cm'; HRMS (EI-TOF) calcd for

CsHgO, 134.0368, found 134.0366.

O
s’
Br
3l

5-bromoisobenzofuran-1(3H)-one (31): White powder, 74mg, 70% yield; 'H
NMR (400 MHz, CDCls) 6 7.75 (dd, J = 7.0, 2.0 Hz, 1H), 7.65 (s, 2H), 5.28 (s, 2H);
13C NMR (100 MHz, CDCl;) & 170.0, 148.2, 132.7, 129.3, 127.0, 125.6, 124.7, 68.9;
IR (neat) 3463, 1640, 763cm!; HRMS (EI-TOF) calcd for CgHsBrO, 211.9473, found

211.9474.

H

5a
N-butylbenzamide (5a): White powder, 76mg, 86% yield; 'H NMR (400 MHz,
CDCl3) & 7.75-7.71 (m, 2H), 7.49-7.43 (m, 1H), 7.39 (t, J = 7.0 Hz, 2H), 6.27 (br,
1H), 3.46-3.40 (m, 2H), 1.60-1.55 (m, 2H), 1.38 (dd, J = 15.0, 7.0 Hz, 2H), 0.93 (t, J
= 7.0 Hz, 3H); >*C NMR (100 MHz, CDCl3) 6 167.6, 134.7, 131.3, 128.5, 126.8, 39.8,
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31.7,20.1, 13.8; IR (neat) 3462, 1640, 701cm™'; HRMS (EI-TOF) calcd for C;;H;sNO

177.1154, found 177.1152.

foaa

N-tert-butyl-4-methylbenzamide (5b): White powder, 74mg, 78% yield; 'H
NMR (400 MHz, CDCl;) 8 7.60 (d, J= 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 5.91 (br,
1H), 2.36 (s, 3H), 1.45 (s, 9H); 3C NMR (100 MHz, CDCls) 8 166.8, 141.4, 132.9,
129.1, 126.7, 51.5, 28.9, 21.4; IR (neat) 3460, 1639, 691cm'; HRMS (EI-TOF) calcd

for C;,H;7NO 191.1310, found 191.1312.
O

N
jspae
O
| 5c
N-benzyl-4-methoxybenzamide (5¢): White powder, 100mg, 83% yield; 'H
NMR (400 MHz, CDCls) 6 7.76-7.73 (d, J = 9.0 Hz, 2H), 7.33 (d, J = 5.0 Hz, 4H),
7.28 (d, J=5.0 Hz, 1H), 6.90 (d, J = 9.0 Hz, 2H), 6.39 (br, 1H), 4.61 (d, J = 5.0 Hz,
2H), 3.82 (s, 3H); 3*C NMR (100 MHz, CDCl3) 8 166.9, 162.2, 138.3, 128.8, 128.7,
127.9, 127.5, 126.5, 113.7, 55.4, 44.1; IR (neat) 3468, 1632, 724cm’'; HRMS (EI-
TOF) caled for C5H5sNO, 241.1103, found 241.1102.
2 L
N
jog.
5d
4-methyl-N-phenethylbenzamide (5d): White powder, 96mg, 80% yield; 'H
NMR (400 MHz, CDCl;) 6 7.58 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 7.0 Hz, 2H), 7.25—
7.17 (m, 5H), 6.18 (br, 1H), 3.69 (dd, J = 13.0, 7.0 Hz, 2H), 2.91 (t, J = 7.0 Hz, 2H),
2.36 (s, 3H); 13C NMR (100 MHz, CDCl5) 8 167.4, 141.8, 138.9, 131.7, 129.2, 128.8,
128.7,126.8, 126.5, 41.1, 35.7, 21.4; IR (neat) 3463, 1636, 742cm’'; HRMS (EI-TOF)
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calcd for C;cH{7NO 239.1310, found 239.1314.

N-phenylthiophene-2-carboxamide (5¢): White powder, 78mg, 77% yield; 'H
NMR (400 MHz, CDCl;) & 7.88 (br, 1H), 7.63 (dd, J=4.0, 1.0 Hz, 1H), 7.61-7.58 (m,
2H), 7.51 (d, J=5.0 Hz, 1H), 7.32 (t, J = 8.0 Hz, 2H), 7.13 (d, J = 7.0 Hz, 1H), 7.08
(dd, J = 5.0, 4.0 Hz, 1H); 13C NMR (100 MHz, CDCls) 8 160.0, 139.3, 137.6, 130.8,
129.1, 128.5, 127.8, 124.6, 120.3; IR (neat) 3475, 1637, 747cm'; HRMS (EI-TOF)

calcd for C;;HgNOS 203.0405, found 203.0406.
O
o0
5f
phenyl(piperidin-1-yl)methanone (5f): Colorless oil, 64mg, 68% yield; 'H
NMR (400 MHz, CDCls) 6 7.35 (s, SH), 3.67 (s, 2H), 3.31 (s, 2H), 1.64 (s, 4H), 1.49
(s, 2H); *C NMR (100 MHz, CDCls) 8 170.3, 136.5, 129.3, 128.4, 126.7, 45.9, 26.1,
24.6; IR (neat) 3475, 1668, 766¢cm™'; HRMS (EI-TOF) calcd for C;,H;sNO 189.1154,
found 189.1157.
0 p
Crr
59
2-benzylisoindolin-1-one (5g): White powder, 84mg, 75% yield; 'H NMR (400
MHz, CDCl;) 6 7.87 (d, J= 7.0 Hz, 1H), 7.48 (dd, J=11.0, 4.0 Hz, 1H), 7.43 (t, J =
7.0 Hz, 1H), 7.35 (d, J = 7.0 Hz, 1H), 7.33-7.30 (m, 1H), 7.29 (d, J = 3.0 Hz, 3H),
7.26 (d, J = 7.0 Hz, 1H), 4.78 (s, 2H), 4.23 (s, 2H); *C NMR (100 MHz, CDCl;) &
168.4, 141.2, 137.0, 132.6, 131.3, 128.8, 128.1, 128.0, 127.6, 123.8, 122.8, 49.4, 46.3;

IR (neat) 3466, 1679, 737cm'; HRMS (EI-TOF) calcd for C;sH;3NO 223.0997, found
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223.1000.

O
C
5h
2-(4-methylbenzyl)isoindolin-1-one (5h): White powder, 92mg, 78% yield; 'H
NMR (400 MHz, CDCl;) 6 7.86 (d, J = 7.0 Hz, 1H), 7.47 (dd, J = 7.0, 1.0 Hz, 1H),
7.43 (d,J=17.0 Hz, 1H), 7.34 (d, J= 7.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.11 (d, J
= 8.0 Hz, 2H), 4.74 (s, 2H), 4.21 (s, 2H), 2.30 (s, 3H); 3C NMR (100 MHz, CDCls) &
168.4, 141.2, 137.3, 134.0, 132.7, 131.3, 129.4, 128.2, 128.0, 123.8, 122.7, 49.3, 46.1,
21.1; IR (neat) 3465, 1682, 739cm!; HRMS (EI-TOF) calcd for C¢H;sNO 237.1154,

found 237.1156.

(0]
/Q)\/\/
5i

1-p-tolylhept-2-yn-1-one (5i): Light yellow oil, 75mg, 75% yield; "H NMR (400
MHz, CDCl3) 6 8.01 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 2.48 (t, /= 7.0 Hz,
2H), 2.41 (s, 3H), 1.67-1.62 (m, 2H), 1.52-1.46 (m, 2H), 0.94 (t, J = 7.0 Hz, 3H); *C
NMR (100 MHz, CDCl3) & 178.0, 144.9, 134.6, 129.7, 129.2, 96.3, 79.7, 29.8, 22.1,
21.8, 18.9, 13.5; IR (neat) 3466, 1642, 740cm™'; HRMS (EI-TOF) calcd for C4H;60

200.1201, found 200.1203.
o)

X
| 5
3-cyclopropyl-1-(4-methoxyphenyl)prop-2-yn-1-one (5j): Light yellow oil,
73mg, 73% yield; '"H NMR (400 MHz, CDC]l5) 6 8.05 (d, /= 9.0 Hz, 2H), 6.91 (d, J =

9.0 Hz, 2H), 3.85 (s, 3H), 1.55-1.45 (m, 1H), 1.02-0.97 (m, 4H); '*C NMR (100 MHz,
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CDCly) 6 176.7, 164.1, 131.8, 130.3, 113.6, 100.0, 75.4, 55.5, 9.8, 0.04; IR (neat)

3463, 1634, 755cm'; HRMS (EI-TOF) calced for C3H;,0, 200.0837, found 200.0839.
0]

O D
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1-phenyl-3-p-tolylprop-2-yn-1-one (5k): White powder, 90mg, 82% yield; 'H
NMR (400 MHz, CDCl;) & 8.24-8.19 (m, 2H), 7.62 (s, 2H), 7.58 (d, J = 8.0 Hz, 1H),
7.51 (t, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 2.40 (s, 3H); 3C NMR (100 MHz,
CDCl) 6 178.1, 141.6, 136.9, 134.0, 133.1, 129.5, 129.5, 128.6, 117.0, 93.8, 86.8,

21.8; IR (neat) 3467, 1640, 740cm!'; HRMS (EI-TOF) calcd for CcH;,0 220.0888,

found 220.0890.

0]

|O A
Cl O
0

51
I

1-(4-chlorophenyl)-3-(4-methoxyphenyl)prop-2-yn-1-one (51): White powder,
109mg, 81% yield; '"H NMR (400 MHz, CDCl;) 6 8.13 (d, /= 9.0 Hz, 2H), 7.63 (d, J
= 9.0 Hz, 2H), 7.47 (d, J = 9.0 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H), 3.85 (s, 3H); 13C
NMR (100 MHz, CDCl;) 8 176.7, 161.8, 140.4, 138.4, 135.2, 130.8, 128.9, 114.5,
111.6, 105.0, 86.6, 55.5; IR (neat) 3456, 1633, 739cm-'; HRMS (EI-TOF) calcd for

Ci6H11Cl0O, 270.0448, found 270.0446.

O

L)
@)

5m

2-phenyl-4H-chromen-4-one (5m): White powder, 84mg, 76% yield; '"H NMR

(400 MHz, CDCl3) & 8.21 (dd, J = 8.0, 2.0 Hz, 1H), 7.92-7.89 (m, 2H), 7.68 (m, 1H),
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7.55 (d, J = 8.0 Hz, 1H), 7.52-7.47 (m, 3H), 7.43-7.37 (m, 1H), 6.81 (s, 1H); 3C
NMR (100 MHz, CDCl3) § 178.4, 163.4, 156.2, 133.8, 131.7, 131.6, 129.0, 126.3,
125.7, 125.2, 123.9, 118.1, 107.5; IR (neat) 3461, 1640, 768cm’'; HRMS (EI-TOF)

calcd for CsH (0, 222.0681, found 222.0684.

eg

5n

o-tolyl 4-chlorobenzoate (5n): Colorless oil, 89mg, 72% yield; '"H NMR (400
MHz, CDCl3) 6 8.18-8.12 (m, 2H), 7.51-7.46 (m, 2H), 7.28-7.23 (m, 2H), 7.19 (dd, J
= 7.0, 1.0 Hz, 1H), 7.14-7.09 (m, 1H), 2.21 (s, 3H); 3C NMR (100 MHz, CDCl;) &
164.0, 149.3, 140.1, 131.5, 131.2, 130.2, 129.0, 127.9, 127.0, 126.2, 121.9, 16.2; IR
(neat) 3463, 1639, 747cm'; HRMS (EI-TOF) calcd for C4H;;Cl0, 246.0448, found

246.0447.

Jong

50

2-methoxyphenyl 4-methylbenzoate (50): Colorless oil, 93mg, 77% yield; 'H
NMR (400 MHz, CDCl;) 6 8.10 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.24—
7.20 (m, 1H), 7.14 (dd, J = 8.0, 2.0 Hz, 1H), 7.01-6.96 (m, 2H), 3.80 (s, 3H), 2.44 (s,
3H); 3C NMR (100 MHz, CDCl;) 6 164.8, 151.4, 144.2, 140.0, 130.3, 129.2, 126.8,
126.7, 123.0, 120.8, 112.5, 55.9, 21.6; IR (neat) 3476, 1639, 744cm’'; HRMS (EI-

TOF) calcd for C5H ;405 242.0943, found 242.0946.
0]

/©)J\(COOMe
cl COOMe
Sp
dimethyl 2-(4-chlorobenzoyl)malonate (5p): Light yellow oil, 84mg, 62%

yield; 'TH NMR (400 MHz, CDCl3) 8 7.82 (d, /= 9.0 Hz, 2H), 7.44 (d, J= 9.0 Hz, 2H),
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5.25 (s, 1H), 3.78 (s, 6H); 3C NMR (100 MHz, CDCl;) & 187.5, 165.0, 140.8, 133.5,
129.6, 128.8, 61.4, 53.4; IR (neat) 3478, 1690, 740cm'; HRMS (EI-TOF) calcd for
C,H;,CIO5 270.0295, found 270.0298.

(=0
N

\

Ms
7a

3-methyl-1-(methylsulfonyl)-2-phenyl-1H-indole (7a): White powder, 114mg,
80% yield; 'H NMR (400 MHz, CDCl3) 6 8.14-8.09 (m, 1H), 7.57-7.53 (m, 1H),
7.44 (d, J=3.0 Hz, 5H), 7.39-7.36 (m, 2H), 2.72 (s, 3H), 2.15 (s, 3H); *C NMR (100
MHz, CDCl;) & 136.9, 136.6, 131.6, 131.3, 131.0, 128.6, 127.8, 125.2, 124.2, 119.5,
119.3, 115.5, 39.5, 9.5; IR (neat) 3486, 1678, 762cm’!; HRMS (EI-TOF) calcd for

Ci6HisNO,S 285.0823, found 285.0827.

O
N
Ms
7b

3-methyl-1-(methylsulfonyl)-2-p-tolyl-1H-indole (7b): White powder, 117mg,
78% yield; 'TH NMR (400 MHz, CDCl;) 6 8.13-8.08 (m, 1H), 7.56-7.51 (m, 1H),
7.38-7.34 (m, 2H), 7.32 (dd, J = 8.0, 2.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 2.71 (s,
3H), 2.42 (s, 3H), 2.14 (s, 3H); 3C NMR (100 MHz, CDCl3) & 138.5, 136.9, 136.7,
131.6, 130.9, 128.5, 128.2, 125.1, 124.1, 119.2, 119.2, 115.5, 39.5, 21.5, 9.5; IR (neat)
3484, 1672, 761cm'; HRMS (EI-TOF) caled for Ci;H;7NO,S 299.0980, found

299.0981.
PRaWa
N
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2-(4-methoxyphenyl)-3-methyl-1-tosyl-1H-indole (7c): White powder, 139mg,
71% yield; '"H NMR (400 MHz, CDCl;) & 8.30 (d, J = 8.0 Hz, 1H), 7.39 (d, J = 8.0
Hz, 2H), 7.34 (d, J = 8.0 Hz, 1H), 7.28 (s, 2H), 7.24 (d, J = 2.0 Hz, 2H), 7.03 (d, J =
8.0 Hz, 2H), 6.99-6.93 (m, 2H), 3.88 (s, 3H), 2.28 (s, 3H), 2.01 (s, 3H); *C NMR
(100 MHz, CDCl5) 8 159.6, 144.2, 143.3, 137.1, 136.5, 132.6, 131.8, 129.1, 129.0,
128.4, 126.8, 124.7, 123.8, 118.8, 116.2, 112.9, 55.2, 21.5, 9.5; IR (neat) 3481, 1676,

758cm'; HRMS (EI-TOF) calcd for Cp3H,NOsS 391.1242, found 391.1245.

S

a =&

3-methyl-1-(methylsulfonyl)-2-(thiophen-2-yl)-1H-indole (7d): White powder,
105mg, 72% yield; '"H NMR (400 MHz, CDCl;) & 8.10 (dd, J = 7.0, 1.0 Hz, 1H),
7.56-7.53 (m, 1H), 7.51 (dd, /= 5.0, 1.0 Hz, 1H), 7.40 (d, /=2.0 Hz, 1H), 7.36 (dd, J
=5.0, 4.0 Hz, 1H), 7.20-7.16 (m, 1H), 7.15-7.12 (m, 1H), 2.85 (s, 3H), 2.19 (s, 3H);
I3C NMR (100 MHz, CDCls) 6 136.9, 131.1, 130.8, 130.7, 129.0, 128.4, 128.1, 126.9,
125.7, 124.0, 119.4, 115.3, 40.1, 9.7; IR (neat) 3493, 1682, 759cm™'; HRMS (EI-TOF)

calcd for C14H3sNO,S, 291.0388, found 291.0386.
0]

1-(4-((1-(methylsulfonyl)-1H-indol-3-yl)methyl)phenyl)ethanone (7e): White
powder, 134mg, 82% yield; '"H NMR (400 MHz, CDCl;) & 7.89 (d, J = 8.0 Hz, 3H),
7.44 (d, J = 8.0 Hz, 1H), 7.35 (d, J = 8.0 Hz, 3H), 7.28 — 7.24 (m, 1H), 7.15 (s, 1H),

4.09 (s, 2H), 3.06 (s, 3H), 2.57 (s, 3H); 13C NMR (100 MHz, CDCl;) § 197.7, 144.5,

S14



135.6,135.4,130.4, 128.9, 128.8, 125.2, 123.7, 123.4, 121.2, 119.9, 113.2, 40.5, 31 4,
26.6; IR (neat) 3483, 1691, 745cm™'; HRMS (EI-TOF) calcd for CsH;7;NO;S

327.0929, found 327.0928.

O
(L

Ts
7f

1-(4-((1-tosyl-1H-indol-3-yl)methyl)phenyl)ethanone (7f): White powder,
155mg, 77% yield; '"H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.0 Hz, 1H), 7.86 (d, J
= 8.0 Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H), 7.32-7.28 (m, 2H), 7.27 (d, J = 8.0 Hz, 3H),
7.20 (d, J = 8.0 Hz, 2H), 7.16 (s, 1H), 4.04 (s, 2H), 2.56 (s, 3H), 2.32 (s, 3H); 13C
NMR (100 MHz, CDCls) 6 197.8, 144.9, 144.7, 135.5, 135.4, 135.1, 130.5, 129.8,
128.8, 128.7, 126.7, 124.9, 124.1, 123.2, 121.3, 119.6, 113.8, 31.4, 26.6, 21.6; IR

(neat) 3488, 1693, 741cm'; HRMS (EI-TOF) caled for Co4H,;NO;S 403.1242, found

O

403.1246.

|O\
N
M

79

S

3-(4-methylbenzyl)-1-(methylsulfonyl)-1H-indole (7g): White powder, 124mg,
83% yield; '"H NMR (400 MHz, CDCl3) 8 7.89 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.0
Hz, 1H), 7.34 (d, J = 7.0 Hz, 1H), 7.29-7.24 (m, 1H), 7.16 (d, J = 8.0 Hz, 2H), 7.11
(dd, J=6.0, 2.0 Hz, 3H), 4.00 (s, 2H), 3.03 (s, 3H), 2.33 (s, 3H); 13C NMR (100 MHz,
CDCly) 6 136.0, 135.7, 135.5, 130.8, 129.3, 128.6, 125.0, 123.5, 123.3, 122.7, 120.0,
113.2, 40.4, 31.0, 21.0; IR (neat) 3485, 1692, 738cm!; HRMS (EI-TOF) calcd for
C17H17NO;S 299.0980, found 299.0981.
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3-(4-methoxybenzyl)-1-(methylsulfonyl)-1H-indole (7h): White powder,
134mg, 85% yield; 'H NMR (400 MHz, CDCls) 6 7.89 (d, J = 8.0 Hz, 1H), 7.49 (d, J
= 8.0 Hz, 1H), 7.35 (t, J = 8.0 Hz, 1H), 7.25 (d, /= 7.0 Hz, 1H), 7.18 (d, J = 9.0 Hz,
2H), 7.10 (s, 1H), 6.84 (d, J= 9.0 Hz, 2H), 3.98 (s, 2H), 3.78 (s, 3H), 3.03 (s, 3H); °C
NMR (100 MHz, CDCl;) 6 158.2, 135.5, 130.8, 130.7, 129.7, 125.0, 123.5, 123.3,
122.9, 120.0, 114.0, 113.2, 55.3, 40.4, 30.5; IR (neat) 3482, 1687, 765cm™'; HRMS

(EI-TOF) calcd for C,7H;7NO5S 315.0929, found 315.0925.

L
N

|
Ms

7i
2-methyl-1-(methylsulfonyl)-4-phenyl-1,2-dihydroquinoline  (7i): = White
powder, 117mg, 78% yield; 'H NMR (400 MHz, CDCl;) 6 7.58-7.50 (m, 2H), 7.45—
7.39 (m, 3H), 7.38 (d, J = 8.0 Hz, 1H), 7.31-7.24 (m, 2H), 7.15 (dd, J = 8.0, 1.0 Hz,
1H), 6.87 (d, J= 2.0 Hz, 1H), 5.45 (m, 1H), 2.83 (s, 3H), 1.51 (d, J= 6.0 Hz, 3H); 13C
NMR (100 MHz, CDCls) 6 141.8, 138.9, 135.6, 130.8, 130.0, 128.9, 128.4, 127.5,
124.6, 120.6, 119.4, 115.8, 62.0, 36.3, 20.7; IR (neat) 3487, 1674, 768cm™'; HRMS

(EI-TOF) calcd for C17H;7NO,S 299.0980, found 299.0979.
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2-methyl-1-(methylsulfonyl)-4-p-tolyl-1,2-dihydroquinoline  (7j):  White
powder, 114mg, 73% yield; 'H NMR (400 MHz, CDCl;) 8 7.52 (dd, J=11.0, 8.0 Hz,
2H), 7.32 (d, J= 8.0 Hz, 2H), 7.27 (dd, J=11.0, 4.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 2H),
7.13 (m, 1H), 6.84 (d, J = 2.0 Hz, 1H), 5.44 (m, 1H), 2.82 (s, 3H), 2.36 (s, 3H), 1.52
(d, J= 6.0 Hz, 3H); 3C NMR (100 MHz, CDCls) § 141.6, 137.9, 137.6, 132.7, 131.0,
129.8, 129.6, 128.4, 124.6, 120.5, 119.4, 115.8, 62.1, 36.2, 21.3, 20.6; IR (neat) 3490,

1676, 769cm™'; HRMS (EI-TOF) calcd for C15H;9NO,S 313.1136, found 313.1132.

S
N

Ms
7k

4-(4-methoxyphenyl)-2-methyl-1-(methylsulfonyl)-1,2-dihydroquinoline (7k):
White powder, 117mg, 71% yield; 'H NMR (400 MHz, CDCl;) & 7.51 (t, J = 7.0 Hz,
2H), 7.36 (d, J=9.0 Hz, 2H), 7.26 (dd, J = 9.0, 2.0 Hz, 1H), 7.13 (t, /= 7.0 Hz, 1H),
6.92 (d, J=9.0 Hz, 2H), 6.81 (d, J = 2.0 Hz, 1H), 5.41 (m, 1H), 3.83 (s, 3H), 2.82 (s,
3H), 1.52 (d, J = 6.0 Hz, 3H); 3C NMR (100 MHz, CDCl;) 6 159.0, 141.4, 136.6,
131.2, 129.9, 129.5, 128.2, 124.6, 120.3, 119.1, 115.8, 114.3, 62.0, 55.3, 36.2, 20.6;
IR (neat) 3493, 1678, 775cm’!; HRMS (EI-TOF) caled for CgH;oNO3S 329.1086,

found 329.1083.
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71

4-(4-chlorophenyl)-2-methyl-1-(methylsulfonyl)-1,2-dihydroquinoline  (71):
White powder, 133mg, 80% yield; 'H NMR (400 MHz, CDCls) & 7.52 (dd, J = 10.0,
8.0 Hz, 2H), 7.35 (s, 4H), 7.32-7.27 (m, 1H), 7.14 (m, 1H), 6.81 (d, J = 2.0 Hz, 1H),
5.39 (m, 1H), 2.84 (s, 3H), 1.50 (d, J = 6.0 Hz, 3H); *C NMR (100 MHz, CDCl;) &
141.9, 139.6, 134.1, 133.2, 130.4, 130.3, 129.6, 129.1, 124.6, 120.7, 118.0, 115.7,
61.9, 36.5, 20.5; IR (neat) 3497, 1686, 779cm’'; HRMS (EI-TOF) calcd for

C17H;6CINO,S 333.0590, found 333.0592.

su¥e

Ts
9

d;-4-methyl-NV-(2-oxo0-2-phenylethyl)-N-phenylbenzenesulfonamide 9):
White powder, 97mg, 53% yield; '"H NMR (400 MHz, CDCls) 6 7.92 (dd, J= 5.0, 3.0
Hz, 2H), 7.59-7.53 (m, 2H), 7.45 (m, 2H), 7.28-7.23 (m, 5H), 7.15 (dd, J = 7.0, 3.0
Hz, 2H), 5.04 (s, 2H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl;) & 193.7, 143.7,
139.6, 135.3, 134.9, 133.7, 129.4, 129.3, 129.1, 128.7, 128.2, 128.1, 127.9, 57.6, 21.6;
IR (neat) 3508, 1695, 763cm-'; HRMS (EI-TOF) calcd for C,;H;gDNOsS 366.1148,

found 366.1150.

Cr
NACOOMe
Ts

11

d;-methyl 2-(4-methyl-V-phenylphenylsulfonamido)acetate (11): White

S18



powder, 82mg, 51% yield; 'H NMR (400 MHz, CDCl;) 6 7.52 (d, J = 8.0 Hz, 1H),
7.27 (m, 3H), 7.24-7.21 (m, 2H), 7.20-7.14 (m, 2H), 4.39 (s, 2H), 3.67 (s, 3H), 2.39
(s, 3H); 13C NMR (100 MHz, CDCl;) & 169.3, 143.7, 139.8, 135.7, 129.4, 129.3,
129.2, 128.8, 128.2, 127.7, 52.5, 21.6; IR (neat) 3516, 1688, 752cm’!; HRMS (EI-

TOF) calcd for C;sH;sDNO4S 320.0941, found 3320.0944.
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4 The 'H and 3C NMR spectra of compounds

8 8 8 8 8 8 8 8 &8 8 8 8 8 ¢ 5 o & & @ & e e 2 m
§o g w39 bowo B d o us 9§ § 8RS R RS . T
|
-
.vma/ |“ .
woy —————— - ~$0'E
880
51— — - =£0'Z
691 — e My

e  7€07
ELk ,

: 4 5
gz~ —— 7 -40°g
LT
@.www S T +90'Y]
(1>

o
o &
g e e
o ity - g6 |

20
5
0

9LEl—
- 86—
eg e

Li0E—

3 9 vo—

.0

4.5

5.0
£1 (ppm)

6.0

6.

Sl AT
66 meW
I C5 6T

LEERl—

80

8.5

G'98l—

9. 2.0

10.0

T
100

T
110

T
120

T
130

T
140

T
150

T
160

0

T
7

T
130

£1 (ppa)

S20



1800

L7

-1z

161
1500
1400
{1300
{-1100
{1000
200
=700
500
500
-400
300
200
100
to
-100

S6

B0

66

ar b~

0Lk
[
L
S
9L
8L

o' L
Wt
[4 4
L

[A=ls
[A=i¥s
£5°L
¥5 L
85 £
85 L

<0
<0
€08
¥0
0

55
0
45
40
35
30
25
20

0.0

40

45

5.0

£1 (zpa)

5.5

3b

&3

9.0

9LEL—
9z el—

PL0E—

cEpre—

10

0

3b

82821~

£1 (zpm)
S21

100

10

6P 6C1— -

LPOEN,
weer

28'88l—

150

140

150

160

17

180




g 8 8 8 8§ 8 8§ 8 8 g 5 s w s g
& i £ o o kA & ] = g = w @ 5 & © i
o —— £0'e
960 = _
es0/ @
b b SR _ 107
891 — = iy
& 20'C
)
bt
L)
9l
veE— o'
AN
T e = =G0'¢
6z W.l\.
7)
©
889 —_— = .
16 mv - =G0'¢
]
/
162 _ - .
8 i = =00°¢

30

40

43
£1 (zpa)

&0 5.0

7.0

10.0

o s o 5 o s o
T 7 i i i T T
9LEL— =
LEBl— =
0g0e—
o
o o
2E' 66— =
»
05 po— -

05 €Ll — =

£6°C21— =
6F LEL— =

6LESI— -
Ep'98l— 5

T T T T
170 0 150 140 130 110 uo
£1 (ppm)

T
180

S22



2600
2400

2200
2000
1500

1500

1400

121

1000

80
800
400
200
o

200

6 O
gy —
86

Pl —_—

69| _
LLL
LV

GL
9L

8y
s -

4 W.I\n P

8E' N, &
oy

96 In, .
e

O

3d

Cl

=90°¢

=€1°¢
=80°¢

=60°C

=10'¢

=00°2-

£1 (zpa)

30
25
20
15

PLEL—
ECEI—

a9 0E—

A059—

£9'8Z1
08 mm_‘w
08'0el

BLBEL—

08'681—

O

3d

Cl

T
120

T
150

T
120

T
160

170

T
180

T
190

£1 (zpm)

S23



g 8 8 8 8 8 g 8§ 8 8 s oss o s o2e w8 s g =
4 = 8 = &8 & & 8 3 2 8§ 3 8 g 8 83 38 8 8 8 8 8 % 8
qmmw
6 —_—— = =G0’
w0/
- === & - =602
69k _ 3 =00°¢
[yt
[
7
gl
9y w .
B r) _ 1 =€0T
€
o.__0O

[

™
Ly
80 2 — "’ oy
80 2 = — 80°L
602
G L — =00"L-
Wi R =G0’L
101
8.2
8L

£1 (zpa)

1
1
10

CLEL— =
AVBl—

LLoE— -

25 re— =

59 2l—
ZlZEl—

sheekf "
80 bE}

3e

EE'Z8l—

51 trpal
S24

T
100

T
ue

T
180 170

T
130




8 ] & = & - = & . 2 2
e £ H H 2 2 2 E 2 8 2 = g

vl ’
o FW = =10°'g
el
eae— —1L0'¢
sy
i — =0T
oy

—

i)

\O

93 .
16 2 .
B & T m—— FQQ" |

[ ] oo

Lo

45

£1 (zpa)

5.0

10.0

5
-0
5
&0
5

20

9ErL—

£55— o
19 09— o

By ELl— =

68'ZZL—

6F LEL—

6L ESl—
9e'88l—

3f

S25

T
100
£1 (ppm)

T
10

T T T T T T
190 180 170 160 150 140 150

T
200




4000

3500

3000

2500

2000

1500

1000

PE L
9E' |
BE'L

<3

£
EE'Y

rE Q
9E

204
804
80k
60" £

A=W
Ll L
8L

8L L
6L

ot

=8l'¢

=9¢'¢

=801

=86°0
=001

1.0

5.0
£1 (zpa)

10.0

55
50
45
40
5
30
25
20
15

=

EEPl— =

Fhe— =

o.__0O
99 221— o -
SLZEl— © =
szgel
SO0°PEl @’
9z z9l—

£1 (ppm)

T
100

T
110

T
130

T
140

T T T
190 180 170 160

T
200

S26



2500

200
2400
2200
2000
1800
16/
1400
1000
800
00

121

200

--200

i _‘./.

BE'|
or FM-

9

gc Lowe - —

o w..\.
r

mmh T
jatz] hv

L8
Sl

=¥0'¢

=00°¢

=167}

~L0°¢

45

5.0

83 £0

0

10.0

£1 (zpa)

20
20
70
-

20
10
Q

t-10

al'rl—

lgie—

E8°ZZI—

e LEL—

Sp0sl—

S0°G8L—

T
100
£1 (ppm)

T
10

T
130

T
20

S27



0

100
-
20
10

10

8 2 g g 8 g = & . 5 g s
& o = = B = ] S & @ & o =) " =
i | =
2
Fa
-3 6 12—
el L .
e FW = =609 .
%'} q F2
| =
| =
. 67 83—
Lo
O
) 5 o
0C W
1Z'G .orm
€25 e
T — —===, 700’
92 G Lo
S v
62
| =
2
128zl
- mv.mﬂw
L8'0E)
6 L vozer
[
£F L o
05 2 l
5 - ,90,
v £ T
52
ey — - g0
v D
£0°59)
Fa
| o
e
M
2

10

o

O
3i
S28

£1 (zpm)

10

130

120

150

61

170

180

130




121

1500
1400
1300
1100
t-1000
o

161

700
-c00
200
100
-0

100

8L
8L
Or £
MWt
[44FA
8 L

6t L
05 £
35
(305
[4=ia

26 L —_——
L6 L
i s
66 L
66 L

-90'6

790
=00k

=l0°¢

25
20
15
10

oo

LR

Lo

45 0 35 3.0
£1 (zpa)

5.0

5.5

9.5 5.0 &3

10.0

A=

£6 08—

£L°8Z1
wm.mm_‘M
S8 LEl
hm.mm_‘Mn

52881 —

i

L

0

£

100

£1 (zpm)

1o

140 130

150

180

190

S29



1100

1000
700
-e00
300
200
100

100

1e'6—

AP

[A=ia
e L
S8
8L
69—

6L
6 NW

oo

0.5

3k

45 40

50

£1 (zpa)

55

23 50 £5 20

10.0

P9 68—

0L bl —

20

0

S30

£1 (zpm)

1o

3k

140

150

180

130




2100

121

2000
1900
1500
1400
1300
t=1100

161

1000

-300
800
700
600
500
400
300
~200
100
o

100

825—

Br

3l

-10°¢

s
00°L

0.5

3.0

40

45

5.0
£1 (zpa)

5.5

8.5 0 83 80

10.0

20

18

16'88—

0LrEl
65621
00 L2~
PAA T4
89°CEl—

2 8kl—

00°044—

Br

3l

0

)

100

£1 (zpm)

1o

140 130

150

180

130

S31



ocooocococc g
g & & 3 8§ &8 & 8§ 3 8§ 8 g s 5§ o & % @
J ©
[ e
| @
| Fa
| .
160 i arel—
B = : ~bO'E <
&8 < vl oz—
91— = - =co7 .
€1 O = #mo.w‘ a :
6} L0°¢ 04 Le—
[ s
ot re lEeE—
95|
5
8g'k Fa
| o
ore
NZW _— ———— e~
v -
| o
g
ZT i
© &
(@) Ty .nrm
W
| o
3
- : Z8°6eln,
g 2 = FLOM B B BZL-~
62 LEl—
i pel—
Iy
68 1 Lo
2 i
gr sl o ) fle 2
b T 2 =50
£ s 5
T o
95 191 —
a2
| o
e
=
s
B

)

5a
100 20
£1 (ppm)
S32

ue

120

130 180 170 160 150 140 130

200




1500
1500
1700
161
1500
1400
1300
121
1100
1000
700
e0n
300
200
100

—100

o)
5b

—€0'6

-00°¢

=001

=¥0°¢
=G0°¢

28
24
20

18

0.0

ol

10

3.0

40

0

‘flsﬁgpﬂl] ¢
S33

100

£1 (zpm)

55
19

£.0

140 150

150

20
T

160

a3 5.0 23
0O
5b
130 180 17

10.0

00



g & W s 5 & wm g e i 8 & g
¢ 8 % & § § ®? § § & § § °¢8 ;
e E— -80°¢
7 — ——— -00Z
ZzT
o 8

66 o— = Oo— FE0'L
my 0z
vz 1— . :

i = . =B
be
€L — =80'Z
bi L
87
9l s

5.0
£1 (ppa)

(%]

7.0

10.0

26
-2
20

18

16

14

10

-2

A0re—

BE'GE—

ELEN— =

mv.mm_‘
.wm hw_‘W
0g'4Zh
8zl
94821

lE'BEL—

boegk— ZT

48'881—

5¢

S34

T T T T T T T T T
130 180 170 160 150 10 150 21 10 100
£1 (ppm)

T
200




8 g 2 2

9E'T— —80°¢g
687

16T — =10
ey 102
19€

i = =102
12

zT 3
(@)

Bl o— 00" L
i

8l L

\Z 2 .
i - Hkﬁm”_u S
£T' L == =10°¢
151 — =0
BT 202

0.0

0.5

Lo

£1 (zpa)

3%
3
32
ol
28
26
24
22
20
-8
6
1
12

oy le—

LLge— =
60—

e
mh.mm_‘/

49°824

,.m.mm_‘W =
al'e6zh

L37LEL

E'BEl—

08 brl—

W iel—

T T T T
130 2 10 100
£1 (zpm)

T
140

T
180 170 0

T
130

T
200

S35



161

1500

1400

1300

121

1100

1000
200
o0
200
500
00
300

200

100

100

0L
804
804

ok 4
[
Ll
0E f—

05—

88 L—

HN

S

5e

L] 0.0

10

5.0 45
£1 (zpa)

55

5.0

10.0

25

20

=15

10

g0z —
65 b2l —
08'2Z1-¢
arect

SOeZt

487 LE b~
9z 8eL"

roosk—

HN

S

5e

T
100
£1 (zpm)

T
10

T T
140 150

T
150

T T
190 180

T
200

S36



00

200

100

=100

g g & & 5 5 "
4 3 = 2 g g g 2

67 1— —_

parl— —_—

£ E— e =

19— S

SE L

10T
0¥

Foog
Feoe

=00°S

150
140

150

120

Fl1o

100

-0

20
10
-0

t=-10

0.0

os

B0 EP—
g vier—

40

5.0 45
£1 (zpa)

5.5

£492)
5 £'82)

5f

@ lEBLI—
Sk eEl—

9204 —

8.5 5.0 B5 8.0

10.0

2

-10

10

o

140 130 120 110 100 0
£1 (ppm)

150

180 17

130

S37



650

con

350

300

450
350
300
200
150
100

£2r—

8L

€L
¥ L
ST L

62 L
62 £
L
1E L
£E L
YE £
9L

98 4~
88 s

JI .‘l‘\'l‘ 1‘”

59

-€0°¢

—40°¢

100

70

FE 9P —
i OF 6—

5.0
£1 (zpa)

e LTI,
T8 ETL—

PO LT ==

10

n

|

Al
S38

110

120

ssmh

00 LEl—
0 iwi—

rrasl—

130

170 20 150 140

180

130

20



121

1100

1000

300

200

700

500

00

200

100

t=-100

0E'e—

24 ol

Yir—

ok 4
b L
FANa
614
EE L
GE' L
£yl
L
9y L
oL
s
ar L

S8 L7
8 h\

—c0'g

Ju

-80°¢

—90°¢C

0.0

Lo

3.0

4.0

45

50
£1 (zpa)

5.5

ER] 50

10.0

oocoaoo =
£ 8 § & § 2 8 2 g & 3 8§ 8 ® & = _1
60 12— - .
a0 ab— - 5
26— -
—
<
[ NN
AN B
8L L= h
56 121— -
12 El— = = 3
e 2E1— —
22 Lbl— -
68891 — —

T
100

£1 (ppm)

T
190

S39



T % B & &8 & 3 £. 7. 3.%8 : 7
E6 O
) e = ~50°€
96
OF b
ar'l - ¥ |1'Z

¥
2 P vt
P91
or mw = _/ 480
B8 & e "
[ 0%
o) )

T L o i .
9z hv =i ——— L OO
e B — 0

25

24

20

18

16

14

12

10

—z

2 CHEl—
z 6881—
& 8412
a0 mmﬂ
™ PEEE—

8eL—

0g'86—

£1 (zpa)

8Ll
“ 59 mva

09'rEl—

28 rrl—

68 40—

Vi

5i

£1 (zpm)

T
100

T T T T
150 140 130 120

T
160

T
180

T
130

T
200

S40



2800

2400
2200
2000
1800
16
1400
1000
00
400
200

-1z

200

GEE—

88
°F

£0 8~
908"

=90'F

07K

-G0'¢

~¥0'¢

=00°¢

80
5
70
&5

oo

3.0

5.0 43 40

£1 (zpa)

535

&0

&3

23

10.0

10

Fl

E5GE5—

BE'GL—

¥000k—

£1 (zpm) =
S41

100

10

FOEL— =

BZ OElL~

130

L 1EVT

PLrel—

28'821—

140

150

130 180

200




8 8 5 - - & - - 5 s 2
= 2 H § 2 H g 2 g g 5 =
or'z— 5 —k0'€
x
]
1z
£z NW :
T 2 = == ~0¢
B 1= — = i =0’
25 0 = = e JWEM
BG 2
0z .
0Ce — —— =00l
s

1.0

£1 (ppa)

10.0

20

19

15

P o

V4

5k

Si98—

lFEs—

8690 —

15821
hv.mm_‘W
L]
LEEL—
mm.mm_‘\

S8 LFl—

808 —

180

]

150 21 1o 100 £
£1 (zpa)
S42

1o

150

130 180 170

200



g 8 8 8 8 8 g8 8 8 8 8 o & e Sy i 8 g g

F T T R - T B 3 4. 89 & B 2 &8 B 8 8 8 2 o T T
SgE— —— J*l_.o.m

O‘
O )

69 o 3
e e © = ~80C
92 ;
oy e - »€0°¢C
297 e = Az
bt c0'eC
zl .
e —— - =00'Z

£1 (zpa)

28

24

20

18

16

14

10

St eE—

09°98—

B8P0l —

09" Hi—
S wll—

08821~
9L0El—

0z'Sel—
L' BEL—
£p0PL~"

88—

988 —

Y4

Cl

o—

51

T
100
£1 (ppm)

T T T T T T
180 170 0 150 140 130 2 1o

T
190

T
20

S43



g 8 8 4 @ s ow oss w58 om s8 @ iE z

S o B ol o B G e B e e B B R o BB . B8 . B S I

54
o o §

lgo— S =00}
o' L 60 L
g/ ;
15 NW e B 80t
96 41— — = S0 L
68 1— S = wmo” L
0z ey Tmmm
0cs
s
74

0.0

L]

10

30

5.0 45 40

£1 (zpa)

5.5

B3 B0

9.0

10.0

=l

20

e 01—

el —
08'EZl—
'8zl
99°G}
9z'8z1
06z
09 LEl

LLEEL

2295k —

LE'EBl—

EFBL—

5m

T
100

£1 (ppm)

T
10

T
17 160

T
180

s44



ez

1ara
[
£l A
8l
6l L
0z
[FAFS
£2 4
£0 4
¥ L
ST 4
ST 4
Frars
824
Lk
8k
B%

rhg
alg

P

t-2400
2000
1500
161
1400
121
1000
500
-e00
—a00
200
200

-4
25

20

os 0.0

m

10

3.0

5n

40

5n
45
£1 (ppa)
Cl
100 %0
1 zpa)
S45

50
1o

5.5

Cl

150

5.0 83 8.0
130 180 17 160 150 140

55

200

10.0




2400

2200

2000

1800

161

1400

121

1000

+s00

600

00

200
-0
—200

e—

0g'e—

96 9
869

oo L
00 2
1029
eV L
£l
Sh' 2
Sl
121
Y
€2 h.\\_

mmm\
0g L
608~
e

! i

-c0g

-G0'¢

50Z
moo. b
1860
leoz

=¥0°¢

£1 (zpa)

20

SiE—

ABEE—

v —
9208~

86'Zcl—
59 mwvﬂ

8 mwv\
<E0El
loorl—

02 rrl—

9E LGl —

08'r8l—

T
100
£1 (ppm)

T T T T T T T T T
130 180 170 160 150 120 130 120 10 £

T
200




28 8 8 8 8 8 8 &8 g 8 8 8 8 & s s & g
g0 .% 8., 8. 8. & . § .8 8,8 8.9 PR 8 F. 7, 8 G
88— ~L0'9
2
@) [0]
st5— — Q 2 ———— 00’}
Q8
©q
(@] [17)
O
7o — — 003
18 1 ey L 0
By c0'2C

3.0

5.0 45 4.0
£1 (zpa)

55

a5 5.0

10.0

5
-0
5

20

10

BEES—

SELe—

b4 BT
56821
EE'6Z)

0862l —
areEel—

08'0Fl—

5681 —

£5°/B1—

COOMe

COOMe

5p

Cl

T
100
£1 (ppm)

T T
130 120

T
140

T T
180 17 180

T
130

T
200

S47



2000

1500

1500

17!

161

1500

1400

1300

121

1100
1000

She—

oLe—

0
fro1
s

300
-801
700
-e0n
300
-401
300
200
100
o
100
—-200

0.5

40

5.0 43

535

=l
i

ER] 0 83

10.0

£1 (zpa)

t=1.0

are—

aree—

1S GL—
8T 6L —
FAN A
S22~
98 0El~—~

09'eel
mm.mm_‘N

N

Ms
7a

20

100
£1 (zpm)

1o

140 150

150

190 180

0

S48



g 8 8 8 g 8 8 § 8 w s @& s @ s =
f.75.8. % F g, S o BL G o 3 R 8 B § 08 e

pPhz— 3 =90°¢

re— U -¥0'¢

\e— -80'¢

¥Z 4 ]

9z =2

1€ L

78

o

vE L

58 /]

o8 L

g L

9/

2609 | ;

= ot

£ 21 Amo Z

mm @. A\.o.w

55 7 L0°L

=00 L

20

15

0os 0.0

1.0

3.0

45 40

5.0

£1 (zpa)

9.5 2.0 85 B0

10.0

ar'e—

S lE—

aree—

£55H—
LV BH—
oLrel—
e BZl—
S8°0el—
E2°8EL

,.m.mm_.w

6P BE}

Ms
7b

0

%0

100

£1 (ppm)

1o

180 170 180 150 140 150

130

S49



850

s00
=700
650
-eon
500
450
00
350
300
250
200
150
100

loz—
8'i—

8EE—

~20°¢
-

—00°€

— -90'¢

£1 (zpa)

9F'6—

&=

¥Z 85—

S8CH—
6L9kl—

IB'ECl—
2482 —

£9°ZEl—
V5'9EL—=
wed
zZeepl—
ez prls

09°651—

0

130 180 170 160 150 140 130 120 1o 100 %0

200

£1 (ppm)

S50



g 8 8 8 8 8 8 & B e e o omr o my omp mr @ 8 g
g = = 5 &8 B 3 8 § 2 g g 8 8 2 8 § 8 § 8 . % £ % & § = = =z 8 2 L . oo oW
N
e
89'6— =
Fa
| o
Wop— -
| o
- —— - -zZ0'e
cgr— =_ - =90¢€|
| o
u 2
P I3
W
" P
z N\MM i
[ 95— |
orel— P
o
66' €2 — *
108~ 23
v . v2 ek~ 7 hze = R
L Lo L[
I ’ 5 oE—
a1 L0°L]
ny: e
Y —_— ho.r
vE 1= = SOV,
hm% f— e
Pyl 1oL
Ly 90'L | |
60 _ ar
g e =00} |~
g .
e
N
[
[
o
re

ol

S51

180 170 160 150 140 130 120 10 100
£1 (ppm)

130

200




4500

4000

3500

3000

2500

2000

1500

1000

15T

0E—

60 F—

ShL
L
ST L
&ZL

YE L
9€ hl./.

Er s
Syl
88 L7
06 hn\

Ms

Te

-00°¢

-l0¢

-G0°¢

45 40

50

£1 (zpa)

o
B

o
65
60

25
20

10

10

85 92—
Wie—

£50p—

leel—
L8611
I

2LSEL"
SLBLl—

ZrGEl
mm.mmvﬂ-

8PPl —

04 281—

T
100

£1 (ppm)

T
1o

T T
120 130

T
150

T T
130 180 170

T
200

S52



ET— — J\; -00°¢
T —_— = ~¢0't]
0 —_— J~ ~00°¢
(7]
e

s

I

6L

1T L S0’
o £0°Z
BE £ - B & 60°€
g4 50°Z
1E 2

Vi —_— 7= =/0'¢

A == s

gL — = A
-+ - =0
2 00'L
862

10

8.0

53 2.0

10.0

£1 (zpa)

20

10

95 LE—
0998—
A LE—

ogell—

0964 —
BLETI—
28peL
88’8zl

13 mm_‘ﬂ
LG GEL
02'prl
08 3;M

447481 —

Ts
i

T
100
£1 (ppm)

T
1o

T
190

T
200

S53



gET— — -10'¢
£0'E— —= -80°¢
00— —_— — =0
12}

2 N\M -mu
ok
b2
WL
VL
Sl
W -
rity) L0'e
9T L c0'g
7 R — o
£5 1k — - :
S/~ e 5 M@O._‘
Bt/ e = =207}
154
881 —_— = =00}
o5/

L] 0.0

Lo

3.0

5.0 4.5
£1 (zpa)

55

ER 3.0 B5

10.0

5
70
65
0
55
ol
a5
40
35
50
25
20

¥ohle—

86 0e—

LE0p—

LVEH—
¥0'0zh
Dh.mmv./.

98 P2
85821 — ==

mv.mmv
Nh.mm_%.
LO'SEL

T
100
£1 (ppm)

T
10

T T T
130 180 17 160

T
00

S54



3 g i g g ¢
£0e— = =10'¢
e~ —— — =c0't
95 E— — 5 _ ™ ~v0'C
()
(2]
z-2 €
o S— ~£0°Z
ob i— _— =R
27 = 5T
- / oL
i —_ : =001,

£1 (zpa)

-0
5

3:
sl
2
20
1
10
5
0

PE0E—

2E0p—

ST 65—

LVEL
o] q_._‘V

PO00zh—
ZEECI—

9982l —
LG GEL—

0Z'851—

T
100
£1 (ppm)

T
120

T T T T T T
180 17 160 150 140 130

T
130

T
20

S55



2000

—1300

1800

17!

161

1500
1400

1300

121

1100

1000

300

700

t-g00

300

100

100

£8T—

F

Ms

-—

=G

=

=0

0'¢

0e

0K

0.0

0.5

50 45 40
£1 (ppa)

5.5

3 5.0 83

0.0

35
3%
3
2
30
25
-2
20
18

e

14

12

10

Se0E—

0E'9E—

0'2e—

8LGH—
cr6ll—

yarel—
88821~

9" GEL—
L8 BEL—
LEWRI—

10

0

100 20
£1 (ppm)

1o

10 130

150

130 180

200

S56



1900

1500

1500

1400

=1300

121

1100

1000

300

e00
700

600

100

300

200

100
100

1S
] _‘v

9EC—

[4: R

A4
[
£r &

G
St G

G

vé

va WV
[0
0z 2

05 L=
[A=lFa
£5 1
G5 1

=10er

=00°¢

=G0'€

-—= =601

os 0.0

Lo

5.0

45 40

50

£1 (zpa)

w
i

3 9.0

10.0

25
20
15
10

8502~
sz 1z

ET9E—

a0ze—

6460 —
EF 6L —
rarel—

ErBzl—
areck””

85 fEl—
(=N

T
100
£1 (zpm)

T
10

T
130

T
00

S57



12

1100

1000

300

700

200

500

300

200

100

-0

100

5=
£5 F”v.

eT—
£8E—

6E
BE' G
o' &

v G
s

A

g
) m%.
b L

£6'9—
[1aFa
cl i
rlL
€L
¥ L

&ZL
Firaa
SE' L
LEL
6t i
R
£5L

=

-

Ms
7k

|#HI

b

L0°e

60°€

€0’

00° L

0T

45 40

50

£1 (zpa)

7.0

7.

B0

8.5 5.0

10.0

25

20

10

S5 02—

Lz 8e—

£E'56—

£0ze—

1E Fhba
B GL—
1061 —

Pzl —
ET°8CI—

4508~
4

56'851—

4

Ms
7k

160

0

ki

180 17 150 140 130 2 10 100 20
£1 (ppm)

130

200

S58



2300
2200

t=2100

2000

1500

1800

171

161

1500

1400

1300

121

1100

1000

300

501
700

300

200

100

-100
-200

6" |
I& _V

T

BE'G
BE'G

O &
WG

Cl

H|L u\ND.m\

-

=G0'¢

=00°

L] 0.0

1o

45

50

£1 (ppa)

0
o

3

0.0

26
24
20

18
e

E0E—

Sy eE—

16 18—

89 G~
Z0 B~
990zl —
o pzl—
10621 —
ar ek

L5BEL—
FENTS

T
100
£1 (zpa)

1o

S59



17!

161

1500

1400

1300

121

1100

1000

700

500

300

100

300

200

100
-0

t=-100

ire—

POSE—

s

Gl L
ab'L
L
¥ L
L
ST L

Eyi—
GG L
C6 L
€6 L
6 L
6 L

J

)

~00°¢

—80°¢

0.0

0.5

30

35

40

45

7.

£0

5.0

£1 (zpa)

=70

45

e —

£9 46—

26421
L0°821
£T°8Z
(=t
L0624
az'ezlh
BE'BZ)

S9EEl—

9G°6El—
PLERL—

0LEBl—

160

10

0

140 130 20 ue 100

150

130 180 17

200

£1 (zpm)

S60



171

161

1500

1400

1300

121

t=1100

1000

300

200

700
-e00
500

100

300

200

100

—100

BE'C—

L9E—

BE'F—

ab'L
FAA
8l L
kL
6l L
TS
[4AFA
EC L

9z L

[
£5 h\.

D

11

N~ >COOMe

~60'¢
]

I =G0'¢

~G0°g

150
140

150

120

110

100

70

20

10

10

e 451E—

s wmmm
# 15 va

45

5.0
£1 (zpa)

i)

© T3

e [A=ra)
BLBZ}

5 L2621

“ 8e'6Th
R

° SLBEl—

CLERLI—

L2681 —

D

N~ >COOMe

Ts

1"

T
100
£1 (zpm)

T
10

T
130

T
140

T T T
130 180 170 0

T
200

S61



