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I. General Information.

"H NMR spectra were recorded in deuterated solvents on a Bruker 400 (400 MHz)
spectrometer and calibrated to the residual solvent peak or tetramethylsilane (6 = 0
ppm). Multiplicities are abbreviated as follows: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, dd = doublet of doublet, dt = doublet of triplet, br = broad. J-
values are in Hz. HRMS was measured by a Finnigan MA+ mass spectrometer or a
GCT Premier (7000FWHM). Organic solvents used were dried by standard methods
when necessary. Commercially obtained reagents were used without further
purification. All reactions were monitored by TLC with Huanghai GF2s4 silica gel
coated plates. Flash column chromatography was carried out using 300-400 mesh
silica gel at increased pressure. All reactions were performed under argon using

standard Schlenk techniques.

I1. Experimental Section

1. Synthesis of starting materials 1

N-Sulfonyl-1,2,3-triazoles 1 were prepared from the corresponding alkynes and
sulfonyl azides according to previously reported synthetic procedures. !

Following the reported procedure, copper(I) thiophene-2-carboxylate (0.1 mmol),
sulfonyl azide (2 mmol), alkyne (2.6 mmol) in wet CHCl3 (7 mL) was stirred at room
temperature until the total consumption of sulfonyl azide. The mixture was then
diluted with 15 mL of saturated NH4Cl and extracted with EtOAc (3 x 15 mL). The
combined organic layers were dried over MgSO4 and concentrated under reduced
pressure. The mixture obtained was then filtrated over a pad of silica gel (3 x 10 cm)

with a mixture of n-hexane/EtOAc (1:1) to afford the desired product.



N=N
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4-(2-(Benzyloxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1a)

White solid; m.p.: 126-127 °C; 'H NMR (400 MHz, CDCls): 6 = 8.48 (s, 1H), 8.32
(dd, J=17.6, 1.6 Hz, 2H), 7.88 (d, J = 8.4 Hz, 2H), 7.44-7.48 (m, 5H), 7.32-7.34 (m,
3H), 7.03-7.08 (m, 2H), 5.20 (s, 2H), 2.43 (s, 2H); *C NMR (100 MHz, CDCl;3): é =
155.1, 146.9, 142.9, 138.4, 133.4, 130.3, 129.9, 128.9, 128.5, 128.4, 127.7, 122.4,
121.3, 118.1, 112.1, 70.7, 21.8; HRMS (ESI, m/z): calcd. for C22H20N303S (M+H)":
406.1225, found: 406.1129.
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4-(2-((4-Methylbenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1b)

3

White solid; m.p.: 135-136 °C; '"H NMR (400 MHz, CDCls): 6 = 8.49 (s, 1H), 8.31
(dd, J=17.6, 1.6 Hz, 1H), 7.88 (d, J = 8.4 Hz, 2H), 7.29-7.34 (m, 5H), 7.25 (d, /= 8.4
Hz, 2H), 7.02-7.08 (m, 2H), 5.16 (s, 2H), 2.42 (s, 3H), 2.41 (s, 3H); *C NMR (100
MHz, CDCl3): 6 = 155.2, 146.9, 142.9, 138.2, 133.5, 133.4, 130.3, 129.8, 129.5, 128.5,
128.1, 127.7, 122.4, 121.3, 118.1, 112.2, 70.6, 21.8, 21.3; HRMS (ESI, m/z): calcd.
for C23H22N303S (M+H)™: 420.1382, found: 420.1375.

N=N

CH

4-(2-((3-Methylbenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1c)

White solid; m.p.: 117-118 °C; '"H NMR (400 MHz, CDCl3): § = 8.52 (s, 1H), 8.32 (d,
J=7.6 Hz, 1H), 7.88 (d, J = 7.6 Hz, 2H), 7.30-7.35 (m, 5H), 7.22-7.25 (m, 2H), 7.02-
7.05 (m, 2H), 5.16 (s, 2H), 2.44 (s, 3H), 2.42 (s, 3H); '*C NMR (100 MHz, CDCls): &
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= 155.2, 146.9, 142.8, 138.7, 136.3, 133.5, 130.3, 129.8, 129.1, 128.7, 128.5, 128.3,
128.0, 124.7, 122.5, 121.3, 118.1, 112.1, 70.8, 21.8, 21.5; HRMS (ESI, m/z): calcd.

for C23H22N303S (M+H)™: 420.1382, found: 420.1377.
N=N
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4-(2-((4-Chlorobenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1d)

White solid; m.p.: 125-126 °C; '"H NMR (400 MHz, CDCls): 6 = 8.43 (s, 1H), 8.30
(dd, J=17.6, 1.2 Hz, 1H), 7.91 (d, J = 8.0 Hz, 2H), 7.29-7.43 (m, 7H), 7.08 (t,J = 7.6
Hz, 1H), 6.98-7.00 (d, J = 8.4 Hz, 1H), 5.17 (s, 2H), 2.43 (s, 3H); '*C NMR (100
MHz, CDCL): 6 = 154.9, 147.1, 142.8, 134.9, 134.3, 133.4, 130, 3, 129.8, 129.0,
128.9, 128.5, 128.2, 122.2, 121.6, 118.2, 112.2, 68.9, 21.8; HRMS (ESI, m/z): calcd.
for C22H19CIN3O3S (M+H)*: 440.0836, found: 440.0839.

N=N

s~ N-Ts
4-(2-((3-Chlorobenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1e)
White solid; m.p.: 147-148 °C; '"H NMR (400 MHz, CDCls): 6 = 8.44 (s, 1H), 8.30 (d,
J=72Hz, 1H), 7.93 (d, J = 7.6 Hz, 2H), 7.30-7.35 (m, 7H), 7.09 (t, J = 7.2 Hz, 1H),
7.00 (d, J= 8.0 Hz, 1H), 5.17 (s, 2H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3): 8 =
154.9, 147.1, 142.7, 138.5, 134.8, 133.4, 133.3, 130.4, 130.2, 129.9, 128.6, 128.5,
128.3, 127.7, 125.7, 122.2, 121.6, 118.1, 112.1, 69.9, 21.8; HRMS (ESI, m/z): calcd.
for C22H19CIN3O3S (M+H)*: 440.0836, found: 440.0840.

N=N
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4-(2-((3-Fluorobenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1f)

White solid; m.p.: 129-130 °C; 'H NMR (400 MHz, CDCls): 6 = 8.46 (s, 1H), 8.30
(dd, J=17.6, 1.6 Hz, 1H), 7.93 (d, J = 8.0 Hz, 2H), 7.41-7.45 (m, 1H), 7.30-7.36 (m,
3H), 7.22-7.25 (m, 1H), 7.07-7.15 (m, 3H), 6.99 (d, J = 8.0 Hz, 1H), 5.19 (s, 2H),
2.43 (s, 3H); 3C NMR (100 MHz, CDCl): & = 154.8, 147.1, 142.8, 139.0, 133.4,
130.6, 130.5, 130.4, 129.9, 128.5, 128.3, 123.2, 123.1, 122.3, 121.6, 118.2, 115.5,
1153, 114.5, 114.3, 112.0, 69.9, 69.8, 21.8; HRMS (ESI, m/z): calcd. for
C2»H19FN303S (M+H)*: 424.1131, found: 424.1136.

N=N

3

OMe
4-(2-((3-Methoxybenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1g)

White solid; m.p.: 130-131 °C; '"H NMR (400 MHz, CDCls): 6 = 8.50 (s, 1H), 8.31 (d,
J=17.6 Hz, 1H), 7.90 (d, J = 8.0 Hz, 2H), 7.30-7.40 (m, 4H), 7.96-7.09 (m, 5H), 5.17
(s, 2H), 3.85 (s, 3H), 2.42 (s, 3H); '3C NMR (100 MHz, CDCl3): 8 = 160.1, 155.1,
146.9, 142.9, 137.9, 133.5, 130.3, 129.9, 129.8, 128.5, 128.1, 122.4, 121.4, 119.8,
118.1, 113.9, 113.1, 112.1, 70.6, 55.3, 21.8; HRMS (ESI, m/z): calcd. for
C23H22N304S (M+H)*: 436.1331, found: 436.1327.

N=N
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4-(2-((3-Trifluorobenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1h)

White solid; m.p.: 134-135 °C; 'H NMR (400 MHz, CDCl3): 6 = 8.41 (s, 1H), 8.33
(dd, J=17.6, 1.6 Hz, 1H), 7.91 (d, J = 8.0 Hz, 2H), 7.61-7.71 (m, 4H), 7.32-7.34 (m,
3H), 7.10 (t, J = 7.6 Hz, 1H), 7.01 (d, J = 8.0 Hz, 1H), 5.25 (s, 2H), 2.43 (s, 3H); 13C
NMR (100 MHz, CDCl3): 6 = 154.8, 147.1, 142.6, 137.4, 133.4, 130.9, 130.3, 129.9,



129.5, 128.5, 128.3, 125. 4, 125.3, 124.4, 124.3, 122.1, 121.7, 118.2, 112.0, 69.9, 21.8;
HRMS (ESI, m/z): caled. for C23Hi9F3N303S (M+H)": 474.1099, found: 474.1106.

O
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4-(2-((4-Methoxybenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1i)

White solid; m.p.: 146-147 °C; '"H NMR (400 MHz, CDCls): 6 = 8.44 (s, 1H), 8.30 (d,
J=17.6, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.31-7.34 (m, 3H),
7.03-7.07 (m, 2H), 6.99 (d, J = 8.4 Hz, 2H), 5.12 (s, 2H), 3.87 (s, 3H), 2.43 (s, 3H);
3C NMR (100 MHz, CDCl3): 8 = 159.8, 155.2, 147.0, 142.9, 133.5, 130.3, 129.8,
128.5, 128.0,122.4, 121.2, 118.1, 114.2, 112.2, 70.5, 55.4, 21.8; HRMS (ESI, m/z):
caled. for C23H22N304S (M+H)*: 436.1331, found: 436.1329.

N=N

4-(2-((4-(tert-Butyl)benzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1j)

White solid; m.p.: 139-141 °C; '"H NMR (400 MHz, CDCls): 6 = 8.47 (s, 1H), 8.30
(dd, J=6.4, 1.2 Hz, 1H), 7.86 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.38 (d, J
= 8.0 Hz, 2H), 7.30-7.33 (m, 3H), 7.00-7.08 (m, 1H), 5.17 (s, 2H), 2.42 (s, 3H), 1.38
(s, 9H); 3C NMR (100 MHz, CDCls): 8 = 155.3, 151.6, 146.9, 142.9, 133.6, 133.4,
130.3, 129.8, 128.4, 128.0, 127.6, 125.7, 122.5, 121.2, 118.1, 112.2, 70.5, 34.7, 31.4,
21.8; HRMS (ESI, m/z): calcd. for C26H2sN303S (M+H)*: 462.1851, found: 462.1853.
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4-(2-((2-Fluorobenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (1k)

White solid; m.p.: 107-108 °C; 'H NMR (400 MHz, CDCl3): 6 = 8.47 (s, 1H), 8.30
(dd, J=17.6, 1.2 Hz, 1H), 7.91 (d, J = 8.4 Hz, 2H), 7.40-7.45 (m, 2H), 7.32-7.34 (m,
3H), 7.18-7.25 (m, 2H), 7.05-7.09 (m, 2H), 5.27 (s, 2H), 2.42 (s, 3H); *C NMR (100
MHz, CDCl): 6 = 154.8, 146.9, 142.8, 133.4, 130.5, 130.4, 130.3, 130.1, 130.0, 129.8,
128.5, 128.2, 124.5, 124.4, 123.4, 122.4, 121.6, 118.3, 115.8, 115.6, 112.1, 64.5, 64.5,
21.8; HRMS (ESL, m/z): caled. for CxnHioFN3O3S (M+H)": 424.1131, found:
424.1128.

N=N

e
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4-(2-((2-Chlorobenzyl)oxy)phenyl)-1-tosyl-1H-1,2,3-triazole (11)

White solid; m.p.: 136-137 °C; '"H NMR (400 MHz, CDCls): 6 = 8.51 (s, 1H), 8.30 (d,
J=7.6 Hz, 1H), 7.92 (d, J = 8.4 Hz, 2H), 7.45-7.50 (m, 2H), 7.25-7.34 (m, 5H), 7.08
(t,J=7.6 Hz, 1H), 7.01 (d, J = 8.4 Hz, 1H), 5.32 (s, 2H), 2.43 (s, 3H); 3C NMR (100
MHz, CDCl): 6 = 154.8, 147.0, 142.8, 134.0, 133.4, 133.2, 130.4, 129.9, 129.8, 129.7,
129.5, 128.5, 128.3, 127.2, 122.4, 121.6, 118.2, 112.2, 67.9, 21.8; HRMS (ESI, m/z):
caled. for C22H19CIN3O3S (M+H)™: 440.0836, found: 440.0831.

N=N

o

4-(2-Ethoxyphenyl)-1-tosyl-1H-1,2,3-triazole (1m)

White solid; m.p.: 136-137 °C; 'H NMR (400 MHz, CDCl3): § = 8.59 (s, 1H), 8.31 (d,
J=7.6 Hz, 1H), 8.01 (d, J= 8.0 Hz, 2H), 7.37 (d, /= 8.0 Hz, 2H), 7.31 (t, /= 7.6 Hz,
1H), 7.04 7.31 (t, J = 7.6 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 4.18 (q, J = 6.8 Hz, 2H),
2.43 (s, 3H), 1.55 (t, J = 6.8 Hz, 3H) ; '*C NMR (100 MHz, CDCl3): 6 = 155.7, 140.9,
132.5, 129.1, 129.0, 128.4, 126.0, 124.8, 124.7, 121.4, 112.1, 111.8, 64.5, 21.4, 14.7,



HRMS (ESI, m/z): caled. for C17H1sN303S (M+H)*: 344.1069, found: 344.1068.

N=N
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4-(2-Methoxyphenyl)-1-tosyl-1H-1,2,3-triazole (1n)

White solid; m.p.: 117-119 °C; '"H NMR (400 MHz, CDCls): 6 = 8.57 (s, 1H), 8.31 (dd,
J=7.6 Hz, 1.6 Hz, 1H), 8.02 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.33 (m,
1H), 7.06 (m, 1H), 6.98 (d, J = 8.0 Hz, 1H), 3.97 (s, 3H), 2.44 (s, 3H); '3*C NMR (100
MHz, CDCl3): 6 = 155.9, 147.1, 142.8, 133.4, 130.4, 129.9, 128.6, 127.9, 122.0, 120.9,
117.7, 110.8, 55.5, 21.8; HRMS (ESI, m/z): caled. for CisHisN3O3S (M+H)":
330.0912, found: 330.0907.

N=N

E:ER/\NTS
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4-(2-Isopropoxyphenyl)-1-tosyl-1H-1,2,3-triazole (10)

White solid; m.p.: 120-121 °C; 'TH NMR (400 MHz, CDCl3): 6 = 8.59 (s, 1H), 8.29-
8.31 (m, 1H), 8.01 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 8.27-8.32 (m, 1H),
7.03-7.04 (m, 1H), 6.97 (d, J = 8.0 Hz, 1H), 4.68-4.74 (m, 1H), 2.43 (s, 3H), 1.44 (d,
J=6.0 Hz, 6H); 3C NMR (100 MHz, CDCls): 8 = 154.3, 147.0, 143.1, 133.5, 130.4,
129.7, 128.6, 128.2, 122.1, 120.7, 118.5, 112.9, 70.7, 22.3, 21.8; HRMS (ESI, m/z):
calcd. for C1sH20N303S (M+H)*: 358.1225, found: 358.1230.

N=N

Cfoz@

4-(2-(Benzyloxy)-5-methylphenyl)-1-tosyl-1H-1,2,3-triazole (1p)
White solid; m.p.: 136-138 °C;'H NMR (400 MHz, CDCls): 6 = 8.48 (s, 1H), 8.12 (s,
1H), 7.88 (d, J = 7.6 Hz, 2H), 7.43-7.48 (m, 5H), 7.31 (d, J = 7.6 Hz, 2H), 7.08-7.11
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(m, 1H), 6.91-6.94 (m, 1H), 5.16 (s, 2H), 2.42 (s, 3H), 2.33 (s, 2H); '°*C NMR (100
MHz, CDCls): § = 153.2, 146.9, 143.0, 136.6, 133.5, 130.6, 130.3, 128.8, 128.5, 127.6,
122.4, 117.7, 112.2, 70.8, 21.8, 20.5; HRMS (ESL, m/z): caled. for Ca3HaN3OsS
(M+H)": 420.1382, found: 420.1378.

N=N

%ﬁ?@

4-(2-(Benzyloxy)-5-ethylphenyl)-1-tosyl-1H-1,2,3-triazole (1q)

White solid; m.p.: 123-124 °C; 'H NMR (400 MHz, CDCl5): 6 = 8.48 (s, 1H), 8.15 (s,
1H), 7.87 (d, J = 8.4 Hz, 2H), 7.41-7.45 (m, 5SH), 7.33 (d, J = 8.4 Hz, 2H), 7.12-7.15
(m, 1H), 6.93-6.96 (m, 1H), 5.16 (s, 2H), 2.63 (q, J = 7.6 Hz, 2H), 2.41 (s, 3H), 1.22
(t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl3): & = 153.3, 146.9, 143.1, 137.2,
136.6, 133.5, 130.3, 129.2, 128.8, 128.5, 128.4, 127.7, 127.4, 117.8, 112.2, 70.8, 28.1,
21.8, 15.8; HRMS (ESI, m/z): calcd. for C2sH24N303S (M+H)": 434.1538, found:
434.1546.

4-(2-(Benzyloxy)-5-chlorophenyl)-1-tosyl-1H-1,2,3-triazole (1r)

White solid; m.p.: 142-144 °C; 'H NMR (400 MHz, CDCl3): 6 = 8.47 (s, 1H), 8.29 (d,
J=2.8 Hz, 1H), 7.88 (d, /= 8.4 Hz, 2H), 7.41-7.45 (m, 5H), 7.33 ((d, /= 8.0 Hz, 3H),
7.23-7.25 (m, 1H), 6.94 (d, J = 8.4 Hz, 1H), 5.18 (s, 2H), 2.43 (s, 3H); '*C NMR (100
MHz, CDCl3): 6 = 153.6, 147.1, 141.7, 135.9, 133.3, 130.9, 129.4, 128.9, 128.6, 128.5,
127.8, 127.6, 126.6, 122.5, 119.7, 113.5, 71.1, 21.8; HRMS (ESIL, m/z): calcd. for
C22H19CIN3O3S (M+H)*: 440.0836, found: 440.0835.



N

o@

4-(2-(Benzyloxy)-5-(tert-butyl)phenyl)-1-tosyl-1H-1,2,3-triazole (1s)

White solid; m.p.: 109-110 °C; 'H NMR (400 MHz, CDCI3): 6 = 8.49 (s, 1H), 8.35 (d,
J=2.4Hz 1H), 7.88 (d, J = 8.4 Hz, 2H), 7.41-7.46 (m, 5H), 7.25-7.33 (m, 3H), 6.96
(d, J = 8.4 Hz, 1H), 5.18 (s, 2H), 2.42 (s, 3H), 1.33 (s, 9H); '*C NMR (100 MHz,
CDCl3): 6 = 153.1, 146.9, 144.1, 143.2, 136.6, 133.5, 130.3, 128.8, 128.4, 127.6,
126.7, 125.1, 122.4, 117.4, 111.8, 70.7, 34.3, 31.5, 21.8; HRMS (ESI, m/z): calcd. for
C26H2sN303S (M+H)*: 462.1851, found: 462.1854.

2. Optimization of Reaction Conditions

N=N TsHN
©5§N_TS Rha(L)s (1 mol%) 7
0" > Ph solvent i o Fh
1a 2a
Entry Cat. (1 mol%) Solvent T (°C) Yield (%)
1 Rhz(OAc)4 CH2Cl 90 30
2 Rhz(Oct)s CH:CL 90 51
3 Rh2(OPiv)4 CH2Cl 90 57
4 Rhy(TFA)4 CH2Cl 90 0
5 Rha(esp)s CH2CL 90 83
6 Rhz(S-PTV)4 CH:Cl, 90 91
7 Rhy(S-PTTL)4 CH2Cl 90 82
8 Rha(S-NTV),4 CH2Clz 90 87
9 Rha(S-NTTL)4 CH2Cl 90 85
10 Rhy(S-PTV)4 CH2Cl 80 <5
11 Rha(S-PTV)4 CH2Clz 100 90
12 Rha(S-PTV)4 CHCI3 90 90
13 Rhy(S-PTV)4 DCE 90 81
14 Rha(S-PTV)4 toluene 90 73
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Reaction conditions: 1a 0.5 mmol, catalyst 0.005 mmol, solvent 4 mL, 2 h, under N».

R R = CHa, Rhy(OAc),
O)\O R= n-C7H15, Rh2(OCt)4
7

/R’Ih/—/th R = t-Bu, Rhy(OPiv),
L R=GF, Rh,(TFA),

R  O+Rh o '
o <
N © J?h Rhy(S-PTV =i N OJ Rh pnys =i
4 2 4 R=iPr o 4 2(S-NTV); R'=i-Pr
o Rhy(S-PTTL); R=tBu CO Rha(S-NTTL); R'=t-Bu

3. General procedure for the synthesis of 2

To a reaction tube with screw stopper were added triazoles 1 (0.5 mmol, 1.0 equiv)
and Rhy(S-PTV)4 (0.005 mmol, 0.01 equiv). The tube was evacuated and backfilled
with N for 3 times. DCM (4.0 mL) was added to this tube via a syringe under N>. The
reaction mixture was sealed and stirred for 2-4 hours at 90 °C. The crude product was
purified by silica gel chromatography (hexane: ethyl acetate) to afford the desired

product 2 as a white solid.

N-((2-Phenylbenzofuran-3(2H)-ylidene)methyl)-4-methylbenzenesulfonamide (2a)
White solid; m.p.: 147-149 °C ; '"H NMR (400 MHz, CDCl3): 6 = 7.60 (d, J = 7.6 Hz,
0.56H), 7.43 (d, J = 7.6 Hz, 1.44H), 7.21-7.36 (m, 7TH), 7.14 (t, J = 7.6 Hz, 1H), 6.91
(t,J=7.6 Hz, 1H), 6.85 (d, J = 8.0 Hz, 0.28H), 6.77 (d, J = 8.0 Hz, 0.72H), 6.77 (dd,
J=9.2,1.6 Hz, 0.72H), 6.51 (d, /= 10.4 Hz, 0.28 H), 6.05 (s, 0.28H), 5.95 (s, 0.72H),
591 (d, J =10.4 Hz, 0.28H), 6.66 (d, J = 11.2 Hz, 0.28H), 2,42 (s, 2.16H), 2.40 (s,
0.84H); '3C NMR (100 MHz, CDCl3): & = 161.8, 160.8, 143.9, 136.7, 136.6, 130.2,
129.9, 129.8, 129.4, 128.9, 128.8, 127.7, 127.3, 126.7, 126.5, 124.8, 123.4, 122.4,
121.2, 119.2, 115.9, 113.2, 110.5, 110.2, 86.6, 85.1, 21.6; HRMS (GC-TOF) for
C22H19NOsS: caled. 377.1086, Found 377.1085.
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N-((5-Methyl-2-phenylbenzofuran-3(2H)-ylidene)methyl)-4-
methylbenzenesulfonamide (2b)
White solid; m.p.: 143-145 °C ; '"H NMR (400 MHz, CDCl3): 6 = 7.60 (d, J = 8.4 Hz,
1H), 7.32-7.43 (m, 3H), 7.24-7.32 (m, 5H), 7.09-7.12 (m, 1H), 7.04 (s, 0.61 H), 6.99
(d, J=8.0 Hz, 0.39 H), 6.99 (d, J = 8.4 Hz, 0.61H), 6.65 (d, J= 7.6 Hz, 1H), 6.54 (d,
J=10.4 Hz, 0.39H), 6.02 (s, 0.39H), 5.92 (d, /= 2.4 Hz, 0.61H), 5.88 (d, /= 10.4 Hz,
0.39H), 5.65 (d, J=11.2 Hz, 0.39H), 2.42 (s, 1.83H), 2.40 (s, 1.17H), 2.31 (s, 1.83H),
2.30 (s, 1.17H); *C NMR (100 MHz, CDCls): 6 = 159.9, 158.9, 144.1, 143.9, 140.2,
136.9, 130.8 ,130.6, 130.1, 129.9, 129.8, 129.7, 129.5, 128.9, 128.8, 127.7, 127.3,
126.7, 126.5, 124.6, 123.7, 122.7, 119.5, 115.6, 112.9, 110.1, 109.7, 86.7, 85.2, 21.6,
20.9; HRMS (GC-TOF) for C23H21NOsS: caled. 391.1242, Found 391.1241.

N-((2-(2-Fluorophenyl)benzofuran-3(2H)-ylidene)methyl)-4-
methylbenzenesulfonamide (2¢)

White solid; m.p.: 219-221 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.78 (d, J = 7.6 Hz,
0.36 H), 7.66 (t, J = 8.0 Hz, 0.36 H), 7.53 (d, J = 8.0 Hz, 2H), 7.47 (d, J = 7.6 Hz,
0.18 H), 7.30-7.32 (m, 2.36 H), 7.21 (d, J = 8.0 Hz, 2H), 7.13-7.18 (m, 1.54H), 7.03-
7.11 (m, 2.18H), 6.90-7.00 (m, 1.54H), 6,81 (d, J = 8.0 Hz, 1H), 6.70-6.73 (m, 1H),
6.65 (d, J=8.0 Hz, 0.18H), 6.31(d, /= 2.0 Hz, 1H), 5.88 (d, /= 10.4 Hz, 1H), 5.23 (d,
J=10.4 Hz, 0.18H), 2.45 (s, 0.54H), 2.41 (s, 3H); 3C NMR (100 MHz, CDCl5): =
161.5, 160.9, 159.0, 143.9, 136.7, 131.1, 131.0, 129.9, 129.5, 128.4,,128.3, 127.4,
126.5, 125.1, 125.0, 124.4, 124.1, 123.9, 122.4, 121.3, 119.4, 116.1, 115.9, 113.2,
110.1, 77.9, 21.6; HRMS (GC-TOF) for CxHisFNOsS: caled. 395.0991, Found
395.09809.
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N-((2-(4-Chlorophenyl)benzofuran-3(2H)-ylidene)methyl)-4-
methylbenzenesulfonamide (2d)
White solid; m.p.: 197-199 °C; '"H NMR (400 MHz, CDCL3): 6 = 7.41 (d, J = 7.6 Hz,
2H), 7.32 (d, J = 7.6 Hz, 1H), 7.23-7.25 (m, 3H), 7.11-7.16 (m, 4H), 6.92 (t, J = 7.6
Hz, 1H), 6.73-6.77 (m, 2H), 5.95 (s, 1H), 5.76 (d, J = 10.4 Hz, 1H), 2.45 (s, 3H); 13C
NMR (100 MHz, CDCI3): 6 = 160.7, 144.2, 136.5, 135.6, 135.4, 129.9, 129.6, 129.5,
129.0, 126.4, 124.6, 123.4, 121.3, 119.3, 113.4, 110.2, 84.1, 21.6; HRMS (GC-TOF)
for C22H13CINOsS: caled. 411.0696, Found 411.0692.

N-((2-(3-Chlorophenyl)benzofuran-3(2H)-ylidene)methyl)-4-
methylbenzenesulfonamide (2e)

White solid; m.p.: 140-142 °C ; '"H NMR (400 MHz, CDCls): 6 = 7.43 (d, J = 8.4 Hz,
2H), 7.28-7.32 (m, 2H), 7.22-7.27 (m, 4H), 7.13-7.26 (m, 2H), 6.76 (t, J = 8.4 Hz,
1H), 6.71-6.77 (m, 2H), 5.94 (s, 1H), 5.77-5.85 (m, 2H), 2.42 (s, 3H); '*C NMR (100
MHz, CDCl): 6 = 160.6, 144.2, 139.1, 139.0, 136.4, 135.5, 130.5, 130.0, 129.9, 129.6,
127.6, 126.3, 125.9, 125.8, 124.6, 124.5, 123.0, 122.9, 121.4, 119.3, 113.5, 110.2,
84.1, 21.6; HRMS (GC-TOF) for C22H13sCINO3S: caled. 411.0696, Found 411.0699.

N-((2-(3-Methylphenyl)benzofuran-3(2H)-ylidene)methyl)-4-
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methylbenzenesulfonamide (2f)

White solid; m.p.: 129-131 °C; '"H NMR (400 MHz, CDCL3): 6 = 7.41 (d, J = 8.4 Hz,
2H), 7.30 (d, J = 7.6 Hz, 1H), 7.11-7.21 (m, 5H), 7.04-7.07 (m, 2H), 6.91 (d, J = 7.6
Hz, 1H), 6.76 (d, J= 8.0 Hz, 1H), 6.68 (dd, /= 11.2, 2.8 Hz, 1H), 5.90 (d, J = 2.8 Hz,
1H), 5.78 (d, J = 11.2 Hz, 1H), 2.40 (s, 3H), 2.23 (s, 3H); *C NMR (100 MHz,
CDCL): 6 = 160.9, 143.9, 139.5, 136.8, 136.7, 130.6, 129.8, 129.4, 129.3, 128.3,
126.5, 124.8, 124.7, 123.5, 119.2, 113.2, 110.2, 85.2, 21.6, 21.3; HRMS (GC-TOF)
for C23H21NOsS: caled. 391.1242, Found 391.1245.

N-((2-(3-Trifluorophenyl)benzofuran-3(2 H)-ylidene)methyl)-4-
methylbenzenesulfonamide (2g)

White solid; m.p.: 158-159 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.56 (d, J = 7.6 Hz,
1H), 7.49 (s, 1H), 7.41-7.45 (m, 3H), 7.32-7.37 (m, 2H), 7.14-7.20 (m, 3H), 6.92-6.96
(m, 1H), 6.73-6.78 (m, 2H), 6.04 (d, J = 2.4 Hz, 1H), 5.91 (d, J = 11.2 Hz, 1H), 2.40
(s, 3H); 3C NMR (100 MHz, CDCls): 8§ = 160.6, 144.2, 138.1, 136.4, 131.8, 131.5,
131.0, 129.9, 129.7, 129.6, 126.3, 124.7, 124.5, 124.4, 122.9, 121.4, 119.3, 113.6,
110.3, 84.0, 21.5; HRMS (GC-TOF) for CxHisF3NOsS: caled. 445.0959, Found
445.0963.

NHTs
ot
0]

N-((2-Methylbenzofuran-3(2H)-ylidene)methyl)-4-methyl-benzenesulfonamide
(2h)

White solid; m.p.: 153-155 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.78 (d, J = 7.6 Hz,
1H), 7.32 (d, J = 7.6 Hz, 1H), 7.22-7.25 (m, 1H), 7.10 (t, J = 7.6 Hz, 1H), 6.94-6.97
(m, 1H), 6.82 (t, J = 7.6 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 6.54 (d, J = 9.6 Hz, 1H),
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5.30-5.34 (m, 1H), 2.41 (s, 3H), 1.27 (d, J = 6.4 Hz, 3H); '*C NMR (100 MHz,
CDCL): 6 = 160.7, 144.3, 136.6, 130.0, 129.4, 127.0, 126.7, 124.2, 120.7, 119.6,
111.1, 110.3, 79.5, 21.6, 19.6; HRMS (GC-TOF) for Ci7H17NOsS: calcd. 315.0929,
Found 315.0927.

4. General procedure for the synthesis of 3

To a reaction tube with screw stopper were added triazoles 1 (0.5 mmol, 1.0 equiv)
and Rha(S-PTV)s (0.005 mmol, 0.01 equiv). The tube was evacuated and backfilled
with N for 3 times. DCM (4.0 mL) was added to this tube via a syringe under N>. The
reaction mixture was sealed and stirred for 2-4 hours at 90 °C. After cooling to 40 °C,
Pd/C (5%) was added. The mixture was stirred at 45 °C under N> or air (1 atm) for
another 2h. Silica gel was added to the reaction mixture and the solvent was removed
under reduced pressure, the crude product was purified by silica gel chromatography

(hexane: ethyl acetate) to afford the desired product 3 as a white solid.

4-Methyl-N-((2-(3-trifluorophenyl)benzofuran-3-
yl)methylene)benzenesulfonamide (3b)

White solid; m.p.: 145-147 °C ;'H NMR (400 MHz, CDCl3): 6 = 9.31 (s, 1H), 8.30 (d,
J=17.6 Hz, 1H), 8.06 (s, 1H), 7.91-7.96 (m, 3H), 7.85 (d, J= 7.6 Hz, 1H), 7.74 (t, J =
7.6 Hz, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.34-7.41 (m, 3H),
2.44 (s, 3H); 3C NMR (100 MHz, CDCl3): & =163.8, 162.5, 154.6, 144.5, 135.4,
132.2, 130.0, 129.8, 129.1, 128.0, 127.9, 127.8, 126.9, 125.7, 125.6, 125.2, 124.9,
123.8, 114.1, 111.4, 21.7; HRMS (GC-TOF) for Cx3HisF3NOsS: calcd. 443.0803,
Found 443.0801.

—NTs
(0]
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4-Methyl-N-((5-methyl-2-phenylbenzofuran-3-yl)methylene)benzenesulfonate
(3¢)

White solid; m.p.: 190-192 °C ; '"H NMR (400 MHz, d6-DMSO): 6 = 9.07 (s, 1H),
7.87-7.91 (m, 5H), 7.66-7.68 (m, 4H), 7.47 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz,
1H), 2.44 (s, 3H), 2.41 (s, 3H); '3C NMR (100 MHz, CDCl3): § =163.8, 153.0, 144.2,
155.9, 134.8, 129.8, 129.4, 129.1, 128.4, 127.9, 127.7, 125.1, 123.4, 113.4, 110.7,
21,6, 21.5; HRMS (GC-TOF) for C23H19NOs3S: caled. 389.1086, Found 389.1085.

—NTs
Cl
POaW,

O
4-Methyl-N-((5-chloro-2-phenylbenzofuran-3-yl)methylene)benzenesulfonate
(3d)

White solid; m.p.: 246-148 °C ; '"H NMR (400 MHz, CDCls): 6 = 9.31 (s, 1H), 8.26 (s,
1H), 7.92 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 5.6 Hz, 2H), 7.59-7.61 (m, 3H), 7.47 (d, J =
8.8 Hz, 1H), 7.35-7.37 (m, 3H), 2.44 (s, 3H); *C NMR (100 MHz, CDCl3): 8 =167.3,
163.1, 152.8, 144.5, 135.6, 131.8, 130.7, 129.5, 129.1, 127.9, 127.8, 126.7, 126.5,

123.3, 112.3, 21.7; HRMS (GC-TOF) for C2HisCINOsS: calcd. 409.0539, Found
409.0534.

4-Methyl-N-((2-(3-chlorophenyl)benzofuran-3-yl)methylene)benzenesulfonamide
(3e)

White solid; m.p.: 142-144 °C ; "H NMR (400 MHz, CDCl3): 6 = 9.31 (s, 1H), 8.29 (d,
J=28.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 2H), 7.79 (s, 1H), 7.64 (dd, /= 7.2, 0.8 Hz, 1H),
7.52-7.57 (m, 3H), 7.43 (t, J= 8.0 Hz, 1H), 7.39-7.45 (m, 3H), 2.44 (s, 3H); *C NMR
(100 MHz, CDCl3): 6 =164.2, 162.7, 154.5, 144.5, 135.5, 135.4, 131.4, 130.7, 129.9,
128.7, 128.0, 127.3,126.8, 125.8, 125.1, 125.0, 123.7, 113.8, 111.3, 21.7; HRMS (GC-
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TOF) for C22H16sCINOsS: caled. 409.0539, Found 409.0533.

—NTs

A\
O

4-Methyl-N-((2-methylbenzofuran-3-yl)methylene)benzenesulfonate (3f)

White solid; m.p.: 159-161 °C ; "H NMR (400 MHz, CDCIl3): 6 = 9.22 (s, 1H), 8.12 (d,
J=6.8Hz, 1H), 791 (d, J= 8.0 Hz, 2H), 7.44 (d, J = 8.4 Hz, 1H), 7.30-7.35 (m, 4H),
2.74 (s, 3H), 2.43 (s, 3H); 1*C NMR (100 MHz, CDCl3): & =168.1, 161.8, 154.4,
144.2, 136.1, 129.7, 127.7, 125.7, 124.6, 124.5, 122.6, 113.7, 110.8, 21.6, 13.4;
HRMS (GC-TOF) for C17H1sNOsS: caled. 313.0773, Found 313.0775.

5. General procedure for the synthesis of 4

To a reaction tube with screw stopper were added triazoles 1 (0.5 mmol, 1.0 equiv)
and Rha(S-PTV)s (0.005 mmol, 0.01 equiv). The tube was evacuated and backfilled
with N for 3 times. DCM (4.0 mL) was added to this tube via a syringe under N2. The
reaction mixture was sealed and stirred for 2-4 hours at 90 °C. After 1 was consumed
completely and cooled to 40 °C, Pd/C (5%) added. The mixture was stirred at 45 °C
under Hz (1 atm) for another 3h. Silica gel was added to the reaction mixture and the
solvent was removed under reduced pressure, the crude product was purified by silica
gel chromatography (hexane: ethyl acetate) to afford the desired product 4 as a white

solid.

NHTs
PSS,
o

N-((2-Phenylbenzofuran-3-yl)methyl)-4-methylbenzenesulfonamide (4a)
White solid; m.p.: 164-166 °C; '"H NMR (400 MHz, CDCl:): 6 = 7.76 (d, J = 8.4 Hz,
2H), 7.60-7.63 (m, 2H), 7.39-7.47 (m, 4H), 7.26-7.34 (m, 4H), 7.20 (t, J = 7.2 Hz,
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1H), 4.56 (br, 1H), 4.43 (d, J = 5.6 Hz, 2H), 2.45 (s, 3H); *C NMR (100 MHz,
CDCL): § = 153.9, 153.4, 143.7, 136.3, 129.7, 129.1, 128.9, 128.7,127.3, 127.2, 124.9,
123.1, 119.4, 111.2, 110.1, 37.7, 21.6; HRMS (GC-TOF) for C2H9NOsS: calcd.
377.1086, Found 377.1089.

NHTs
(@)

N-((2-p-Tolyl)benzofuran-3-yl)methyl)-4-methylbenzenesulfonamide (4b)

White solid; m.p.: 175-177 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.76 (d, J = 8.0 Hz,
2H), 7.51 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 8.4 Hz, 1H), 7.29-7.31 (m, 4H), 7.17-7.22
(m, 3H), 4.51 (br, 1H), 4.42 (d, J = 5.6 Hz, 2H), 2.46 (s, 3H), 2.41 (s, 3H); *C NMR
(100 MHz, CDCIl3): & = 153.8, 143.6, 139.3, 136.4, 129.7, 129.6, 129.5, 129.4, 128.8,
127.4, 127.1, 124.7, 123.0, 119.2, 111.2, 109.4, 37.7, 21.6, 21.4; HRMS (GC-TOF)
for C23H21NOsS: caled. 391.1242, Found 391.1244.

CH;
N-((2-(m-Tolyl)benzofuran-3-yl)methyl)-4-methylbenzenesulfonamide (4c)
White solid; m.p.: 147-148 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.73 (d, J = 8.0 Hz,
2H), 7.38 (d, J = 7.6 Hz, 1H), 7.33 (d, /= 7.6 Hz, 1H) , 7.25-7.30 (m, 3H), 7.16-7.21
(m, 2H), 4.66 (t, J = 5.2 Hz, 1H), 4.41 (d, J = 5.2, 2H), 2.43 (s, 3H), 2.38 (s, 3H); 13C
NMR (100 MHz, CDCl3): 6 = 153.9, 153.6, 143.6, 138.7, 136.4, 129.9, 129.7, 129.6,
128.8, 128.7, 127.8, 127.3, 124.9, 124.3, 123.0, 119.3, 111.2, 109.9, 37.8, 21.5, 21.4;
HRMS (GC-TOF) for C23H21NOsS : caled. 391.1242, Found 391.1240.
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N-((2-(4-Chlorophenyl)benzofuran-3-yl)methyl)-4-methylbenzenesulfonamide
(4d)

White solid; m.p.: 146-147 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.75 (d, J = 8.0 Hz,
2H), 7.56 (d, J = 8.8 Hz, 2H), 7.45 (d, J = 8.0 Hz, 1H), 7.29-7.39 (m, 6H), 7.18-7.22
(m, 1H), 4.57 (br, 1H), 4.39 (d, J = 5.2 Hz, 2H), 2.47 (s, 3H); 3C NMR (100 MHz,
CDCL): 6 = 153.8, 152.2, 143.8, 136.2, 135.1, 129.7, 129.1, 128.6, 128.4, 128.1,
127.3, 125.2, 123.2, 119.3, 111.2, 110.4, 37.6, 21.6; HRMS (GC-TOF) for
C22Hi1sCINOsS: caled. 411.0696, Found 411.0700.

Cl

N-((2-(3-Chlorophenyl)benzofuran-3-yl)methyl)-4-methylbenzenesulfonamide
(4e)
White solid; m.p.: 153-155 °C; '"H NMR (400 MHz, CDCl3): & = 7.72-7.77 (m, 2H),
7.67 (s, 1H), 7.60-7.62 (m, 1H), 7.45-7.51 (m, 2H), 7.29-7.40 (m, 5H), 7.19-7.23 (m,
1H), 4.57 (br, 1H), 4.43 (dd, J = 5.2, 3.2 Hz, 2H), 2.45 (s, 3H); '*C NMR (400 MHz,
CDClz): 6 = 153.9, 151.7, 143.8, 143.7, 136.3, 136.2, 135.0, 131.4, 130.1, 129.8,
129.7, 129.1, 128.9, 128.7, 128.4, 127.4, 127.3, 127.2, 127.1, 125.4, 125.2, 124.9,
123.3, 123.0, 119.5, 119.3, 111.3, 111.2, 111.1, 109.9, 37.7, 37.6, 21.6; HRMS (GC-
TOF) for C22H1sCINO3S: caled. 411.0696, Found 411.0696.

N-((2-(3-Flurophenyl)benzofuran-3-yl)methyl)-4-methylbenzenesulfonamide (4f)

White solid; m.p.: 171-173 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.74 (d, J = 8.0 Hz,
2H), 7.46 (d, J = 8.0 Hz, 1H), 7.26-7.41 (m, 7H), 7.21 (t, J= 7.6 Hz, 1H), 7.09 (t, J =
8.0 Hz, 1H), 4.59 (br, 1H), 4.42 (d, J = 5.2 Hz, 2H), 2.45 (s, 3H); *C NMR (100 MHz,
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CDCh): & = 153.8, 151.9, 143.8, 136.2, 131.7, 130.5, 129.7, 128.5, 127.3, 125.4,
123.2, 122.8, 119.5, 116.0, 114.1, 111.1, 37.5, 21.6; HRMS (GC-TOF) for
C22Hi1sFNOsS: caled.395.0991, Found 395.0991.

CF;

N-((2-(3-Trifluoromethyl)phenyl)benzofuran-3-yl)methyl)-4-methyl
benzenesulfonamide (4g)
White solid; m.p.: 169-171 °C; '"H NMR (400 MHz, CDCls): & = 7.95 (s, 1H), 7.81 (d,
J=17.6 Hz, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.64 (d, /= 7.6 Hz, 1H), 7.52 (t,J = 7.6 Hz,
1H), 7.47 (d, J= 8.0 Hz, 1H), 7.39 (d, /= 7.6 Hz, 1H), 7.32 (t, /= 7.6 Hz, 1H), 7.20-
7.25 (m, 3H), 4.76 (t, J = 5.2 Hz, 1H), 4.41 (d, J = 5.2 Hz, 2H), 2.43 (s, 3H); 1*C
NMR (100 MHz, CDCI3): 6 = 153.9, 151.5, 143.8, 136.1, 131.6, 131.3, 130.5, 130.2,
129.7, 129.4, 128.4, 127.2, 125.6, 125.5, 124.0, 123.9, 123.3, 119.6, 111.3, 37.6, 21.5;
HRMS (GC-TOF) for C23Hi1sF3NOsS: caled. 445.0959, Found 445.0962.

OMe

N-((2-(3-Methoxyphenyl)benzofuran-3-yl)methyl)-4-methylbenzenesulfonamide
(4h)
White solid; m.p.: 135-137 °C; 'H NMR (400 MHz, CDCl3): 6 = 7.73 (d, J = 8.4 Hz,
2H), 7.45 (d, J = 8.4 Hz, 1H), 7.25-7.32 (m, 6H), 7.16-7.20 (m, 2H), 6.93-6.96 (m,
1H), 4.63 (t, J = 5.2 Hz, 1H), 4.42 (d, J = 5.2 Hz, 2H), 3.86 (s, 3H), 2.44 (s, 3H); 13C
NMR (100 MHz, CDCl3): 6 = 160.0, 153.8, 153.2, 143.7, 136.3, 130.9, 129.9, 129.7,
128.6, 127.3, 125.0, 123.1, 119.5, 119.3, 115.4, 112.2, 111.2, 110.2, 55.5, 37.7, 21.6;
HRMS (GC-TOF) for C23H21NO4S : caled. 407.1191, Found 407.1194.
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NHTs

O

N-((2-(4-Methoxyphenyl)benzofuran-3-yl)methyl)-4-methylbenzenesulfonamide
(4i)

White solid; m.p.: 169-171 °C; "H NMR (400 MHz, CDCI3): 6 = 7.76 (d, J = 8.0 Hz,
2H), 7.56 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.4 Hz, 1H), 7.26-7.31 (m, 4H), 7.15-7.18
(m, 1H), 6.92 (d, J= 8.4 Hz, 2H), 4.54 (br, 1H), 4.39 (d, J= 5.2 Hz, 2H), 3.86 (s, 3H),
2.46 (s, 3H); 3C NMR (100 MHz, CDCI3): 6 = 160.3, 153.7, 153.6, 143.7, 136.3,
129.7, 128.8, 128.6, 127.4, 124.5, 122.9, 122.3, 118.9, 114.4, 111.1, 108.5, 55.4, 37.8,
21.6; HRMS (GC-TOF) for C23H21NO4S: calcd. 407.1191, Found 407.1193.

NHTs
(-0
(0]

N-((2-(4-(tert-Butyl)phenyl)benzofuran-3-yl)methyl)-4-methyl
Benzenesulfonamide (4j)

White solid; m.p.: 177-179 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.77 (d, J = 8.4 Hz,
2H), 7.53 (d, J = 8.4 Hz, 2H), 7.39-7.45 (m, 3H), 7.27-7.32 (m, 4H), 7.16-7.20 (m,
1H), 4.56 (br, 1H), 4.42 (d, J= 5.2 Hz, 1H), 2.46 (s, 3H), 1.36 (s, 9H); '3*C NMR (400
MHz, CDCl3): 6 = 153.8, 153.6, 152.4, 136.4, 129.7, 128.8, 127.4, 126.9, 126.8, 125.8,
124.7, 122.9, 119.2, 111.2, 109.5, 37.8, 34.8, 31.2, 21.6; HRMS (GC-TOF) for

C26H27NO:sS: caled. 433.1712, Found 433.1710.

NHTs

N-((2-(2-Fluorophenyl)benzofuran-3-yl)methyl)-4-methylbenzenesulfonamide
(4k)

White solid; m.p.: 159-161 °C; '"H NMR (400 MHz, CDCl3): 8 = 7.72 (d, J = 7.6 Hz,
2H), 7.56-7.60 (m, 2H), 7.46 (d, J = 8.0 Hz, 1H), 7.38-7.42 (m, 1H), 7.31-7.35 (m,
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1H), 7.22-7.26 (m, 4H), 7.11 (t, J = 9.2 Hz, 1H), 4.66 (br, 1H), 4.27 (d, J = 6.0 Hz,
2H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3): 6 = 154.7, 147.6, 143.5, 136.5, 131.2,
131.1, 130.7, 129.6, 128.1, 127.2, 125.2, 124.7, 123.2, 120.2, 116.3, 116.1, 113.3,
111.2, 37.8, 21.5; HRMS (GC-TOF) for C2HisFNOsS: caled. 395.0991, Found
395.0988.

NHTs
(Lo~
0]

Cl

N-((2-(2-Chlorophenyl)benzofuran-3-yl)methyl)-4-methylbenzenesulfonamide
(41)
White solid; m.p.: 181-183 °C; 'H NMR (400 MHz, CDCls): 6 = 7.70 (d, J = 8.4 Hz,
2H), 7.57 (d, J = 7.6 Hz, 1H), 7.45-7.48 (m, 2H), 7.40-7.42 (m, 2H), 7.32-7.37 (m,
2H), 7.23-7.27 (m, 3H), 4.60 (t, /= 5.2 Hz, 1H), 4.21 (d, /= 5.2 Hz, 2H), 2.42 (s, 3H);
3C NMR (400 MHz, CDCl3): & = 154.6, 150.7, 143.5, 136.4, 133.9, 132.2, 130.9,
130.2, 129.7, 128.7, 127.6, 127.2, 126.9, 125.2, 123.1, 120.3, 113.3, 111.4, 38.0, 21.5;
HRMS (GC-TOF) for C22H1sCINO;S: caled. 411.0696, Found 411.0696.

NHTs
(;\r\a
(0]

N-((2-Methylbenzofuran-3-yl)methyl)methyl)-4-methylbenzenesulfonamide (4m)
White solid; m.p.: 105-107 °C; '"H NMR (400 MHz, CDCl3): 6 =7.71 (d, J = 8.4 Hz,
2H), 7.31 (d, J= 8.0 Hz, 1H), 7.23-7.27 (m, 3H), 7.19 (t, J = 8.0 Hz, 1H), 7.12-7.15
(m, 1H), 4.54 (br, 1H), 4.19 (d, J= 5.2 Hz, 2H), 2.41 (s, 3H), 2.31 (s, 3H); 3C NMR
(100 MHz, CDCl3): 6 = 153.8, 153.2, 143.5, 136.7, 129.6, 127.8, 127.1, 123.1, 122.6,
118.6,110.7, 109.7,37.2, 21.5, 11.9; HRMS (GC-TOF) for C17H17NOsS: calcd.
315.0929, Found 315.0926.
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NHTs

i

N-((2,2-dimethyl-2,3-dihydrobenzofuran-3-yl)methyl)-4-methyl
benzenesulfonamide (40)

White solid; m.p.: 73-75 °C; 'H NMR (400 MHz, CDCl): 6 = 7.72 (d, J = 8.0 Hz,
1H), 7.31 (d, J = 8.0 Hz, 1H), 7.10-7.15 (m, 2H), 6.81 (t,J=7.2 Hz, 1H), 6.72 (d, J =
8.0 Hz, 1H), 4.59 (br, 1H), 3.08-3.21 (m, 3H), 2.43 (s, 3H), 1.39 (s, 6H); '*C NMR
(100 MHz, CDCl3): & = 158.2, 143.7, 136.4, 129.8, 129.1, 127.9, 127.1, 124.9, 120.4,
110.1, 88.2, 50.1, 43.8, 28.9, 22.0, 21.5; HRMS (GC-TOF) for CisH21NOsS: calcd.
331.1242, Found 331.1239.

NHTs

HsC
\ O
o

N-((5-Methyl-2-phenylbenzofuran-3-yl)methyl)-4-methylbenzenesulfonamide (4p)
White solid; m.p.: 184-185 °C; 'H NMR (400 MHz, CDCl3): 6 = 7.77 (d, J = 8.0 Hz,
2H), 7.58-7.60 (m, 2H), 7.37-7.39 (m, 3H), 7.29-7.32 (m, 3H ), 7.06-7.08 (m, 1H),
6.93 (s, 1H), 4.57 (t,J=4.8, 1H), 4.38 (d, /= 4.8, 1H), 2.46 (s, 3H), 2.36 (s, 3H); 13C
NMR (100 MHz, CDCl3): § =153.6, 153.3, 143.7, 136.3, 132.6, 129.8, 129.7, 129.0,
128.9, 128.7, 127.4, 127.1, 126.2, 118.9, 110.7, 109.7, 37.7, 21.6, 21.3; HRMS (GC-
TOF) for C23H21NOsS: caled. 391.1242, Found 391.1244.

NHTs
(=0
O
N-((5-Ethyl-2-phenylbenzofuran-3-yl)methyl)-4-methylbenzenesulfonamide (4q)
White solid; m.p.: 167-168 °C; 'H NMR (400 MHz, CDCl3): 6 = 7.77 (d, J = 8.0 Hz,
2H), 7.59-7.61 (m, 2H), 7.29-7.39 (m, 6H), 7.11 (d, J = 8.0 Hz, 1H), 6.96 (s, 1H), 4.56
(br, 1H), 4.40 (d, J = 5.2 Hz, 2H), 2.65 (q, J = 7.6 Hz, 2H), 2.46 (s, 3H), 2.65 (t, J =
7.6 Hz, 3H); 1*C NMR (100 MHz, CDCl3): & = 153.6, 152.4, 143.7, 139.3, 136.3,
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129.8, 129.7, 129.0, 128.9, 128.7, 127.4, 127.1, 125.2, 117.7, 110.8, 109.7, 37.7, 28.8,
21.6, 16.3; HRMS (GC-TOF) for C24H23NOsS: caled. 405.1399, Found 409.1400.

NHTs
C
Ly~
(0]
N-((5-Chloro-2-phenylbenzofuran-3-yl)methyl)-4-methylbenzenesulfonamide (4r)
White solid; m.p.: 168-169 °C; 'H NMR (400 MHz, CDCl3): 8 = 7.75 (d, J = 8.0 Hz,
2H), 7.60-7.62 (m, 2H), 7.45 (d, J = 8.4 Hz, 1H), 7.39-7.41 (m, 3H), 7.27-7.32 (m,
3H), 7.19 (t, J= 7.6 Hz, 1H), 4.57 (br, 1H), 4.42 (d, J = 5.2 Hz, 2H), 2.45 (s, 3H); 13C
NMR (100 MHz, CDCl3): 6 = 153.8, 153.4, 143.7, 136.3, 129.7, 129.1, 128.9, 128.7,

127.3, 127.2, 1249, 123.0, 119.4, 111.2, 110.0, 37.7, 21.6; HRMS (GC-TOF) for
C2H1sCINO:;S: caled. 411.0696, Found 411.0694.

NHTs
O

N-((5-(tert-Butyl)-2-phenylbenzofuran-3-yl)methyl)-4-methylbenzenesulfonamide
(4s)

White solid; m.p.: 132-134 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.61 (d, J = 8.0 Hz,
2H), 7.37-7.43 (m, 6H), 7.26 (d, J = 8.4 Hz, 2H), 7.14 (s, 1H), 7.26 (d, J = 8.4 Hz,
1H), 5.86 (br, 1H), 5.00 (m, 2H), 2.65 (q, J = 7.6 Hz, 2H), 2.43 (s, 3H), 1.20 (s, 9H);
13C NMR (100 MHz, CDCl3): & = 154.3, 146.2, 144.1, 136.3, 132.5, 130.1, 129.8,
128.9, 128.7, 128.3, 127.6, 127.4, 114.3, 114.1, 112.2, 70.9, 56.5, 34.2, 31.2, 21.8;
HRMS (GC-TOF) for C26H27NOsS: caled. 433.1712, Found 433.1714.

6. Synthesis of 5 and 6

3¢ (195 mg, 0.5 mmol, 1.0 equiv) was dissolved in CH30H (10 mL), followed by
addition of KoCOs (276 mg, 2.0 mmol, 4.0 equiv) and H,O (360 mg, 20.0 mmol, 40.0
equiv). The solution was stirred at room temperature until the total consumption of
starting material. Crude product was collected as White solid (105 mg, 89%).
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—0
(=0
O
5-Methyl-2-phenylbenzofuran-3-carbaldehyde 5
White solid; m.p.: 88-89 °C; 'H NMR (400 MHz, CDCls): 6 = 10.33 (s, 1H), 8.08 (s,
1H), 7.83-7.86 (m, 2H), 7.55-7.58 (m, 3H), 7.43 (d, J = 8.4 Hz, 1H), 7.20 (d, J = 8.4
Hz, 1H), 2.49 (s, 3H); 3C NMR (100 MHz, CDCl3): 6 = 186.8, 165.5, 152.5, 134.7,

131.0, 129.1, 128.8, 127.2, 125.4, 122.5, 117.4, 110.6, 21.4; HRMS (GC-TOF) for
C16H1202: caled. 236.0837, Found 236.0835.

4g (102 mg, 0.25 mmol, 1.0 equiv) was dissolved in CH>Cl> (5 mL). Then aq
HCHO (1.1equiv) and TFA (57 mg, 0.5 mmol, 2.0 equiv) were added. The solution
was stirred at room temperature for overnight. Crude product was purified by

chromatography to give 6 and 6’ as a white solid (92 mg, 88%).

Ts
N Ts
N
N\ OMe
O and O A\ O
0]
(0]
OMe
6 6"

2/4-Metheoxy-6-tosyl-6,7-dihydro-SH-benzo|c|-benzofuro|2,3-e]azepine 6/6’
White solid; m.p.: 68-73 °C; '"H NMR (400 MHz, CDCl3): 6 = 7.43-7.48 (m, 3H),
7.23-7.36 (m, 5SH), 6.99 (d, J=8.0 Hz, 1H), 6.92 (d, /= 8.0 Hz, 1H), 6.82 (d, J=8.0
Hz, 1H), 4.91 (s, 2H), 4.73 (s, 1H), 4.56 (s, 1H), 3.89 (s, 1.36H), 3.86 (s, 1.64H), 2.29
(s, 1.36H), 2.26 (s, 1.64H); 3C NMR (100 MHz, CDCl3): 8 = 159.5, 156.5, 153.7,
153.6, 149.0, 148.7, 142.9, 142.7, 136.5, 136.3, 130.9, 130.5, 130.4, 129.1, 129.0,
128.6, 128.0, 127.0, 126.8, 125.5, 125.4, 123.2, 123.0, 122.9, 118.9, 118.7, 114.7,
114.6, 114.0, 111.3, 111.2, 111.1, 111.0, 56.3, 55.5, 52.3, 46.3, 46.2, 43.7, 21.4, 21.3;
HRMS (GC-TOF) for C24H21NO4S: caled. 419.1191, Found 419.1189.
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o III Reference:

(1) (a) S. Chuprakov, S. W. Kwok, L. Zhang, L. Lercher and V. V. Fokin, J. Am. Chem.
Soc., 2009, 131, 18034; (b) T. Miura, T. Biyajima, T. Fujii and M. Murakami, J. Am.
Chem. Soc., 2012, 134, 194.
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IV. NMR Spectra

o
o
€e8'1Z
=
1y ———— — = 291
%]
T
TS
Z = L 02208 ———
Z o
©
&
(]
o
502§ ——~_ —w
0€0°2 < T 204
050°2
6102
z80°2 ;
0922 i LTI
et yz18ll AN
TEL vEeLZh
182 YEV'TTL
WMM M YA N
ey ELLBZL
< -_—— = F193 ([ ¥8¥'8Z1
mmm - J 015824
= 3.07 ‘8z ——— 7
09v'2 — I2% 0L 8zt
2l 988'6Z}
8ivL . s 6YEOEL
1>y ——7 el | X zaveel
868°2 SOP'9EL e
80E'8 —_— - > 1.00 G06'ZFL
ZIE = 0.89 066'9t )
1268
Lee'8 €555 ——
6148 i

50

N=N
w  N-Ts
Ph
27

100

150




¥ey'e

091G

e’
¥r0L
¥o0°2
€802
GGT'L
2424
2624
9622
PIEL
9ze’L
ZEEL
EEEL
PreL
8482
6682
662°8
coe's
8le8
ze's
Ger's

W=

J

NI

=== I 207

= T 604

o F1.9

= T 1.00
T 1.00

0.0

50

YOEIZ —

918’z

Gr9'0L

60Z°CLL
851811
oz el

ZEY'TTL

0€L°22) Y\

680821

115821

00562} |/
=
—
L
TS o

LEB'GTL
oleoel
¥EEEEL
9¥GEEL
8ET°8EL
EEGTPL

BEGO¥L
[asai=1}

CHj

50

100

28



LG

CH,

¥ 36

T 2.06

Iff}“liw T 200

1%

T 2.00

I 1.02
T 1.00

0.0

5.0

[7A 3
£08'12

508°0L

Wizh
XLel
6T HEL
j42) A
pra 4%
ri0'821
32821
LG8zl
324'8C)L
3LVEZL
298'62)
JZeoeL
LIGEEL
1GE9EL
IvL8EL
88CFL
JEG'OFL
IETGGL

N\

CHa,

Ny

S
NN -Ts

50

I
100

I
150

29



Lo
a
Il 128 ——— -
sy ———— - = T 3.05
o 0
@
!
~Z
Z i 51669 —— -
Z. L T
o]
o 0
T
!
021§ —— J G =-Z
= 3 1.98 7
0869 N z./ 3B
100°2
. ),
Z902
180°2 S0ZZ1
g2 I o=
MNWM v9z'2z1
1622 8z'8zl
o 1£5°821
1EE°2 108+ 986'8Z1
15€°2 el 55062}
b ot D06} —— =
sors — g
i
Eal gLyeel
006, —— 3 202|| 98T vEL
b £ EPBPEL
s 089 varzeL ——
P ! GL0° 2P ——
LR
vies 21651
veEr'g Nl

50

30

100




—_— -2
128'12
0y —— - - T 308
M
_ 91669
Q (o]
= L
!
7
7
= 2
e} Lo
s - ||JL T 204]| ¢
) B0LTH
186'9
fog 0181
: 2291zl
20l 3
e v8zzel
001 vELGTL
aiai 19421 \
/ z9z82)
90€'2 1
6ee'2 TE I p8s|r 195621
g5e's 2 YE9'8ZL
ooy L —F = J s 92662 ———
ger's 55Z0E} &
i 0¥ 0EL
e 201\l s — 7
rlE8 — W “mm SLLVEL
PR} . Zi¥'BEL /
oo —" e
i 29895, —
B

50

Cl
31

100

150




er'e

G6L'G
1869
20072
L
1602
b2
[44AS
13 25
0512
ye'L
E¥CL
852
L0E'2
¥OE L
[A4 5
reL
GOEL
80y'L
JEFA s
EryL
oL
G264
9¥6°L
LIES
ries
0€E'8
yEE8
99’8

S

T 303

T 1.99

I 1.00

0.0

STl T

98869
20660 — =

990°Zhh
0EEPLL
eaan
612G
68YGLL
€818l
09124
1627224
00124
62124
682'9Z4
£r58z)
668620 ——F
200064
815°0E}
009°0E}
YEYEE)
686'8E1
£82°201
£00°2%1

858'vG1L

Vet

NN

100

150

32



eye

eTA]

T 308

T 2.06

Fo8
F3.00

0.97
3.09

F1.94

T

0.C

50

208°12

58669

8501
20Z8LL
152 el
E1ZT
1ZEFTL
85E'vTL

EPEGTL
28E'GTL

$9E'8z1 /
58zl %
g6z ———
Z06'6Zh &
9e°0El

96°0EL

19€°€EL

gLy el /

Br9ZHL /

BL0°2YL
808'¥5L —

50

100

33



¥ev'e

£58°E

LG

8569
6260
1660
6102
6E0°2
8502
Hot
960°2
v0E'2

0z€'2 p,
ovE'L —F
982
8eL
o2
8682
BI6L
80e'8
e
8058

S\

.

OMe
N-Tg
e

NN

N\
1h

T 3.01

I 3.02

T 2.02

118
X

I 1.96

I 0.98
I 1.00

5.0

I

ale’le

€5E'SS

€E9°0L

LEVTHL
TLVELL
OP6ELL
A XN:1N
£88'641
9261214
vIvTTh
YELBZL
1$5°82)
£L8°6Z1
75662}
BYE0E |
18Y°EEL
196'2€ )
e ——

pSEOpL ——

W22

LEVSSGL
960091

OMe

100

34



9zr'e

£48°€

9zl

|

)| -

OCH;

1i

Fi3an

3 3.00

T 207

¥t

T 5.00

50

0z8'1e

CEV'GS

02504

8ETTLL
L¥TVLL
851811
¥z Izl
9Zrzel
roezl
PGyezZL
96¥'821
E0¥'6Z 1
158621
GEE0EL
FOFEEL
096°Z¢ L
1B6'9Y |

N

G¥TSG1
08651

OCH,

T
100

35



0.0

HE+ ¥ T 8.90 G189 |g ——
r 9yl —
ZELYE —

Keye —— = T 3.07

2 55502
2
z-Z
/s <
i
0L —— 4 = ||l|ﬂL T 208|
e}
18072
8502

1522 PALZLL
: 19181
1082 :
e 8rz Izl
61€°2 > 202|[ eesze)

ess: — == B

W22

18y ——3 = T4 :
8052 Sp08z)
15872 119821
: T 200
i8¢ K 658°621
ooge _ PIE0EL
y — = T 107
- —— - 158 005 051
J09°EEL
2] 16ZY)
SZ6OpL
019151
£1265)
S

50

36

100

150




A XA

910G
£50°2
19072
0L
080°2
660°L
31
oz’
[44A
0¥Z's
95z'L
4493
8ce’s
[4
aor's
by'L
atr's
arrs
006°2
V264
888
68
80E'8
LIE8
Giv'e

o

[T

T 299

F 208

Ly
NLONINY

como
—P R

F 195

F 102
> 100

50

AT

08y't9
l26h8 —

[l AN
159G
298G
962811
¥og° 1z
8ezel
05v'EZ)
¥er vl
6ZG¥ZL
ozz'ech
0z5'8Zl
S68'6Z)
660°0EL
8elL0El
EPEDEL
LLFP0EL
Z6¥'0EL
08¥EEL
G642y
G66'9YL

298751

N

L

L

I
100

37



9zr'e

448

G002
920°s
G90°L
¥e0's
e0bs
95z'L
Goe'L
8ze'L
L¥EL
6¥p'L
£G4
LivL
yer's
€0G°2
¥i6°L
GEG'L
662°8
glee
1158

AN

N«tl\{
AL
11

Cl
0]

F 3.00

J 209

5.0

1281

G649

GEZTLL
szeLL
1857121
23 A4
praasa
G9z'8cl
8e5'8C)
655621
9G2'6Z)
GZO'GZL
£Z6'6Z)
65E0EL
orZeel
6OYEEL
YEO'FEL

e6LThL
elosp ——

8ra¥slL

W22

Cl
o)

I
100

|
150

38



GEG)
o

8951

9E¥T

paLy
181 %
B6LY
p1zy

N =

. N-Ts

o™

im

F 315

I 313

T 213

I 184
F b2

T 202
> 102
= 095

689°'%)

L6E°1T

8Y'¥9

682 LLL

GSLZLL H/
ver Lzl

(178 74"

69221 )
£50'92) —._
06882} ————
€G0'6BZL

Z2e5°ZEL

yi60ovl

¥GLGGL

50

100

39



LE%T

V6E

1169
2669
v
Gr02
290°L
¥o0°L
080°2
€802
yze's
8zeL
ereL
GPEL
A ows
6YEL
¥OEL
¥BEL

2108 ——~
1608 |\

GoE'8
60E'8
¥zes
8ze's

€158

N-Ts

0.0

> 3.05

> 299+

50

T 08|

F 3.00

> 1.98|
> 1.01
3 1.00

608°12

615G

B0 ———
€99° 211

286'02) |//
2e6' L)
¥65'821 —

TT66T ———
806 ——

66E'EEL ——

662°2¥1
660°2¥L

186'GGL

N=

< N-Ts
O/
1n

T
100

I
150

40



eV

l

(a7

9EYT

289
oLy
FAYA S
ZELY
FAZA 4
9569
L1679
Lo’z
€004
1202
LED'L
6E0°Z2
o'z
09Z°2
Lz
€824
18274
¥0EL
Goes
el
9zes
oEL
¥ae’s
s008
9208
0628
Y628
L0E8
60£8
riee
0658
1098

} 638

T 314

F+1.03

N=N

o MN-Ts
o/<
10

F1448
1988

3197
I 1.00
T 09

50

T
10.0

2181 ——

ElEze

9¥L'0L

£SETH
505811 ~
169°0Z |

580221 —2\
£228C1

5I58ZL N
R R—
ose06L —
]

gelerl
L¥0°LYL

8YEvGL

I
100

I
150

41



2867 —
8Lz

651G

HaC

39

202

1 098
T 099

2.16
5.40

220
3 1.03

¥ 1.00

0.0

5.0

1ES'00 —
G181z

164704

9V ————
Willh

riv'zzl

! \
68821 \
€682 »,
81882

928 0EL ——
919081 |\\
LISEE -
8l9'9€}

6E0'EYL ——
98601

€91EG)

Nz

S
N Nerg

H4C

1p

50

100

150

42



vy —

vz ——

80¥¢C
8097
4297
9¥9C
¥99¢C

W/

191G

F 30

F 196

F 100
F 103

I 203
T 520

F 210
F 103

F 100

0.0

8r8'GlL
60812

180°82

01804

[Ata4a"
962°L1
awzel
GO¥'LZ)
1897421
06E'8Z)
8i¢'821

828'8Z1
02162L — -

w2

87€°0€)
TEG'EEL
6£9'9EL
£61°2EL
0EVEYL
SYE'OYL
WEEsE ——

SN\

1q

50

100

150

43



fxa

611G

£l

T 336

T 200

T 0.96

e

F 507

+ 2.06

T 0.89
F 099

0.0

reie

1Y

PIVELL
069°6 41
£08°2Z1
99592}
169°22)
1042}
595°821
¥r9°82Z1
¥E6'82 ——7
YRE'BZL
BBE 0L
18Z°EE}
€E6'GEL
£92°1b1
89V 2L
529G ——

p

NN\

r
ot

Cl

I

I
100

T
150

44



I I [
S
28+ |U T 9.28 XTI _
LIEIE
BEN
1 L 009'1€ =
SZEYE —— -
CIT%4 IJ_ T 3.22
[= €600, ——— =
w
=
77 a
= —& 4
611G T 1.85 \N\\N
Q Zys
[
SBLLLL o =
5569 - 8LE'211
8469 S1€°22)
3o s01'5z)
10682 119°9Z) -
wmm 129124 o
3 F 099 |- 89€'821 [/ =
s 61r87) — N\ e =
EWL =~ + 323 0288zl — =
gev'L ¥ 351 58Z°081 =
g W APGEEL & -
0ot'2
G I 2.20 av9'9E}
G 9] L d =
9682 / BETEY) |\|\ k>
BYEE ——— T+ “mm SEVEPL /
vees > 1. 0689t} -
88y'8 |\ £L0EGL —
-3

50

45

100



66E'2
LZr'e

099°G
889G
668'G
26
£G6'G
1509
669
G259
G89'9
689°9
fA ]
9129
€949
€849
6¥8°9
698'9
168'9
9169
¥EG'9
TAN
el
oL
rvizs
¥eT'L
654
6124
85E°L
99€°L
ora o
fA 4
0652
609°2

S

TsHN

o]

e

2a

T

T 300

50

695°12

120°58
929'08
£/L0LL

LEG04L
LGZELL
8r6gLL
ZIT6L
LiVigL
G8LLZ
¥oe'zeL
0Lv°EZ

[A:7 JA
9v5'9z1
204921
¥oe' 221
504421
164821
096'8Z}
Sry 62l
G¥G 62
£08'6Z1
E¥B'6ZI
¥68'6Z)
Zizoel
¥99°9€L
0€L'9€E)
LGEERL
Zr809l
¥¥e Lol

et

|\

TsHN

o]

2a

100

46



L0ET
B0E'C
Lor'e
8ire

L¥9°G
Gi9°G
898'G
¥68'G
616G
G26'G
[44 K]
9e5'9
296'9
G¥9'9
¥59'9
9.9'9
6EL'9
6549
LEG'S
856'9
886'9
8002
6E0°L
[4:13
Leve
yigL
6224
EVZL
6¥C'L
GGZ'L
1924
1824
oles
ece’L
¥GEL
E6EL
96€°L
86E°L
ooy’
6ivL
BEY' L
0652
Lg'L

TsHN

2b

=38

0.C

50

18168
£2.°98

1¥2'60L

806°CHL
GGOGLL
EEGBLL
£¥L°C21
€6L°ECL
st A
£56°9Z1
822921
s9z°L2)
1997221
142821
588’821
LEG6Z)
LEL'BTL
GEB'BTL
G68'6C)
ogl’oel
665°0EL
0l8'0€lL
269°9EL
GI6'9EL
09L°0¥L
LIGEYL
080'v¥L
G86'85)
ZEG'GSL

e i

TsHN

50

100

47



L0v'T
fot=)
¥ezs
0SZ2°8
L18°G
£06'G
0le9
Gie9
8y9'9
899'9
G049
8249
1089
1289
906'9
G269
¥¥6'9
296'9
1869
000°2
€E0°L
950°2
640°2
¥60°L
ele
LEVE
2512
914
1812
90z's
9ez’L
85Z'4
09Z'2
08Z'L
coe’s
Fies
Lze's
09%°L
6iv'L
918°s
9€5°L
£¥9°L
299°L
289°L
GiLe
¥6L'L

TsHN

=388

0.0

5.0

895°12

¥aL0LL
EZTELL
¥OG'GLL
819l
G0V6LL
85e°1Tl
15¥°22)
CG6'ETL
8L0°vZ)
65 ¥l

880°GZH
sl p
et — 7
06E° 22 |\

168821 k
89E'BZ1
ELYBTL
PLE'BTL
£90'1EL
vl IEL
¥SL9EL ,

6L6EYL
090°651
298091
0Z5° 191

TsHN

2c

50

100

150

)0

48



FA L XA

TsHN

cl

2d

0.C

F 3.00

I
3.0

Foo(L

10| e
o

I
7.0

I
8.0

£29°1Z

8.0'%8

6ETOLL
FEPELL
€LT6LL
A=A
0ev'EZ)
G09°¥ZL
9.€'92)
L66'8C)
E9v'6Z1
009°62)
¥6B8'621
£9v'GEL
085°GEL
0iv'9€L
691 vyl

W22

699091

TsHN

cl

2d

100

49



74 X4

L9
6EL9
£rL9
¥9.9
¥8.9
2169
LEGD
0569
9eLs
GGLL
¥ibL
[T
0zzs
6ETL
85z
FA:TA
90€°L
T4
yevs
534

N

TsHN

N

> 3.00

50

[A N

50

6218
GG20LL

955°ELL
GOEGLL
Fivizh
GL6TT)
96621
0¥G¥ZL
BGG¥CL
188'GZ)
B06'5Z )
L¥E9TL
£99°/C)
VBS6T
LIG6Z
VGG'6T )
GZS0el
185°5el
EEYOEL
Cy06EL
B90'6EL
80T¥rL

LE909)

W e

TsHN

Cl

T
100

I T T T T I T
200 150

50



paxAa
o'z

GLLG
208's
L06°G
¥I6'G
699'9
9.9'9
269°9
¥0L'9
964’9
9449
488°9
888’9
G06'9
¥26'9
o2
£50°L
1902
990°2
890°L
FLLL
glve
GEVL
€512
Gsbe
89l’L
0612
0iz's
S¥T'L
c9z’L
[3:143
06Z°L
80e’L
L0¥°L
8er's

0.0

CH,
of

TsHN
5.0

YLy Ly

65E°1T
065°12

G158

1610
£2ZTEL
LIT6LL
A aT4%
18¥'eCt
szLvel
6:8¥21
905921
812821
LLE'BTL
Z6EBTL
128621
9r9'0EL
£22°9€L
952°9€1
L1G°6EL
888°EYL

N

£688°091

50

CHj4

2f
51

TsHN
100

150




G0P'e

L06°G
YEE'G
£¥0°9
6¥0°9
GEL9
Zr9
G929
5829
126'9
6EG'O
8569
vels
G0Z'L
[A4 593
)53
26872
94€°L
T4 3
Wyl
96%°L
GGG
¥iG'L

e

TsHN

CF3

]

29

I

T} 295

F1.97
T 099

T a0

Hi

0.C

1.0

s

1E0'¥B

¥6Z0LL
VBSELL
GOE'G L
67121
65822
605'¥CL
£95°vZ1
Log'veL
ZEE'9TI
199'621
LLL62L
9E6'6Z1

v ey ——F
£G5°LEL k
8.8°1EL

T5h'9EL

vii'eel
GET YL

Ve

N\

0450914

CF3

TsHN

Lo

™

i sk
I
0

50

100

150

52



EWe

coE'S
LIE'G
€EEG
re's
2EG°9
1959
L840
2529
cee’9
0¥a'9
658'9
G¥6°9
1469
G80'L
¥oL'L
¥ebd
Lzz's
1) 7AV3
GSTL
oles
0gEe’s
LiLL

|

NHTs

2h

.

T 3.04

T 308

F1o

L9¥'62

90E°04}
9LV LY
LZ96L
292702}
LETHC)

6¥L°921
050421

0662 ——
850061 ——

$OG°9E |

o

LBTYY I

PrL091

NHTs

2h

I
100

|
150

53



e

09Z'2
6vEL
0L€°4
LBE'L
113 3
4% 3
A=) 73
0Ly
9464
9652
[A7 ¥
Wil
192°L
[34: 3
0982
Zl64
EE6'L
1962
8908
6628
gles
0LEG

N

—NTs

CF3

3b

T} 3.00

3 1.00

5.0

T
10.0

£99°12

0BE'LHL
19011
TLIETL
816121
602521
110°5Z)
914°5Z1
Z86'9Z1
L8z
9ve'Lzl
zIezt
1EVEZL
968'6Z1
680°0E 1
8222l
9LECEL
9651
909°%5) ——

805791 ——~__

L18°€9)

S\

—=NTs

N
o]

CF3

3b

T
100

I
150

54



ST
Wz = = 380
PR
)
2 o
z o
|
2
Q
(s}

60E"L
06’2
69p L
68y L
$99°L [ T 1.04
289'L » W Mmm
€182 — - !
168°2 = T} 515
1162
006 —— 100

f
10.0

L1542
999°L2

1220k
950°Elt
G0¥EC
(13-4
£19°221
V06221
66E8Z1
LZVEZ)
[A: 1A
68621
cilvel

ZIBSEL
vrT L ——

22

086251

PEBEI) —
0£2'991

—NTs

Ph

3c

50

100

150

55



SP¥e

IWEG

Cl

F 314

Yoo
o MM Lo
-0 O
=538

©
=]

3 1.00

5.0

I
10.0

989°1C

€LTTHL
68Z°ETL
995921
9€2'921
1487221
L96°2C)
orL6Z1
L1621
988'6Z1
¥99°0EL
208°1EL
265°GEL

AL
61825 —

W22

180°E9L
GOE291

56



Wi

0922
6¥E°L
LEL
€6E°L
EEP'L
9252
256°2
GGG'L
2452
9e9°L
8E9°L
¥eo°L
959°2
064°2
GI6L
GEG'L
yeze
yoe'e
80E'6

S

).

—=NTs
cl

N
0]
3e

T 3.00

3 1.00

0.0

5.0

T
10.0

069°12

81E LI
6ZBELL

8vLET) \
G00°5Z)

9Lzl

£€8'921 H/

vz LT
G66°LC)

06%'GEL
05G'GEL
ISFrL

[A 8 41

¥2izal I/

8L1¥91

—=NTs
Cl
T T

I
100

57



EEYT

GrLe

92’6

=NTs

3

= 3.07

b = 30

=3I

= 1.96
T 110

= 1.00

0.0

50

LGE°EL

059°12

88°0L1
0G2°ELL

£09°7C1
Liv¥TL p/

GEOVT )

GLTvrl

0¥ 51

258191

oelegl

50

—=NTs
3
58

100

150




SSr'e

azvy
oty )

ey
ol -

Live
9612
LA
8L
[174F3
oL
GIEL
[£4593
s

ee’s
WW
L0FL
[} 4 3
0r's
413
2092
9192
929'2
(i} 7
02

I 300

> 201
F 099

- SL5°1C

- FAY I

5.0

990011
FELLLL
LBEGLL
6S0°ETL
E [Ah 741
E G61LZ)
- E¥ELTL
o 92282k
Lo 988'8Z1
- G60'6CL

L E1L6ZL
zee0et —

B GO9'EVL

22

- E6EEGL TS

GBB'EG)

NHTs

50

100

150

59



ey
ey H/
2
4= W
vzsy

NHTs

CH3

M,

F 388

158

T

0.0

1.0

20

3.0

4.0

50

6.0

7.0

(115 ¥4
9.6°12

¥9L'LE

86£°601
LG
€8L6L1
V66TTH
rivel
£60°421
69€.C1
cleeti
80¥'62 1
€956Z1
LC96T)
LTL6T)
€891
£8C6E)
£59°Erl

W22

C08'ES

NHTs

CH4

[
100

60



588 —~__

0EF'Z

yor'y
vy
Yoy
859'%
L9y

09b's
al's
6214
1612
0iz’s
32743
65C°L
022
9.2
68Z°L
G6Z°L
86Z°L
[4403
We'L
89g°L
188°2
LEv'L
(31 3
68F°L
8eLL
8vL'L

Lt )

NHTs

o]

CHj4

4c

383

1215
F1.10

50

uvie
6ot

€L40€

¥I6'60L
GZVLLL
00EG L
8loeCt
GlE¥TL
698'¥C1
oleLgh
218221
0£L'821
£82°821
L9621
804621
£96'6Z)
00y'9€l
£22°8EL

EPOEYL

GIOEGE —
8G8'ES ——

W22

NHTs

A
o]

J

CHj

I
100

T
150

61



99T

PBE'Y
L6EY
1G5
895'F

)

N
o]

G812
€024
s
8524
6822
G0EL
8Les
6EEL
£5€4
PLEL
Z6EL
16E°L
Wyl
19%°L
0552
(2303
Wit
19272

ey

4d

d

!

\

I 3.02

F20
F1.00

WLy
RYFISEONC)
= oo
O @O~

50

185712

285°2€

THrOLL
8ET LI
9SEBLL
PIZ'ETL
S125Zh
08224
apL'ezh
L9E'8Z)
165'8Z1
VL —— 7
151621 |\
004'5EL

1819E1
1Z8ErL —

p

\

LG0T8 ——
LYE'EG

NHTs

T
100

62



VBG' Ve — -

295 26
e -
arye

A0

8Ly
9ar'y
IEY'y
GEY'Y
185y
895'%
185
265F

F 305

JL.L .

Cl

NHTs

iy
o
wo
.

866°60 1

€90° 1L
0¥ LLL
8ZELLL
962°641
G0S6LE
ceoegt
6.2€C)
286l
861521
GEV'STI
8elel
9.1421
JA:TAVEA
09eiZl
¥o¥8Tl
089'821
L06°82 1
GZL6Z
EvL6el
89621
¥ol0el

leyiel
800°GE}
olLeoel -

ZTLEr)
FIgEYL
ZEL G

w7oee

C

NHTs
O 4e

S

50

63

100



L¥¥T

6Ly
Ery
[1:h4

[FA1¥3
L60°L
0bbe
€614
[T
VETL
8574
¥izL
¥6Z'L
GlEL
8EEL
95esL
LEL
66EL
8l
05t°L
0i¥L
GeLL
GGt

0.0

S

NHTs

5.0

Wb
bR
N 0o
e ) O oo

LGIE

GG e

50

€960 44
00E" b Lb
TEBELL
SOLbLL
876G L)
6ELOLL
EIG6LL
S10TTh
508224
1STETH
L6E°GT)
06222}
126'82) —
56162 — 7

£0G°0€L
165 0EL

9.9'LEL
6527 LEL

291°9€L

PEEEYL
168'15) ——

128°E51

NN

\

NHTs
o |
64

100

150




x4 x4

60¥¥
ery
9¥Ly
65.Y
TLLY

8614
ales
GETL
9524
90€°L
azes
Sres
z8es
loy's
652
6i¥'L
G052
¥ZsL
¥rSL
£E9L
2594
¥69°L
viiL
Log’s
0zes
¥G6L

NHTs

CFy

4g

F 294

F 195

} 090

9ES" 1T

085°.€

50

LOE°LLL
L LZ96LL
LGEETL
LGE'ETL
JBE'EC)

12552
115°GC)

F jgeieh
7E¥'8CL
iG¥'6C1
IEL6CL
JET0EL
195°0EL
J0E°LEL
JE9'LEL
3EL°9EL
IEBEYL

1og'1GL ——

i06°EG1

=

\

NHTs

@]

CF4

49

I
100

I
150

65



9E¥'T

G98'E
vy
8Zr'y
8l9'%
L9y
fakhd

E6'9
LE6'9
1569
G569
1G6'9
GGLL
9512
2912
|72
S8l
20z
¥oz'L
A
99Z°L
[ FX A
£62°L
G0EL
[43
¥Ze'L
BEYL
6G¥°L
GZL'L
el AV

NHTs

J

M

OMe

4h

} 300

7 285

1193
7 090

T+ 1.06

T 204
1} 628
F 114

1 199

0.0

50

185

¥GLLE

FA 2

¥LLOLL
WZ bbb
€92°CH1
9LE°GLL
L1261
8256
6L0°€C)
LSz
LELZL
18982} —
122621
19662 1

8Z6'0el
L1T°9E)

6BO°ER

v

W

BLTEG ) —.
¥IREG ——

¥G6'6G 1

NHTs

OMe

4h

o}

50

100

66



8512

£98°€

¥eE'Y

0ES'Y
PO -

OMe

NHTs

} 305

188
1 096
T 446
3110
} 207

F 213

4.0

5.0

I
6.0

£65°12

£08°LE

96E'GE

€15°801
880°LLL
LBETLL
G06'8LL
izl
996221
6¥G¥TL
987421
2E9'8Z1
858821

ZvL6Z1
geeog, —

22

6a9°EY
159°€51
A Y

00€°09}

NHTs

OMe

50

100

67



0.0

foke)

6551
LSy

Tz
0Er'y H/
085'F W

LEI
9914
£8LL
Loz's
96Z'2
LT1
G6Z°L
el
Gles
238l
96€'L
LWL
LEVL
2671
¥egs
G¥GL
LT
9844

\

3.0

4.0

NHTs

Wby
N NWs =

pEerGre
o DEh O

0lgie

Wwe'le

¥eave
042°2€

09¥'601
051 LY —

902641
£86°221
oLl
198621
198°9Z 1
468921
yo¥'LZ1
zea'etl
L2L62)
Zoy9el

GOOEY)

%

vLETGL
1G9EG L
LZBES L

N

50

NHTs
68

100

150




GTre

88074
A3
Gels
8ees
FA LA
GGTL
9924
60E°L
0ee’s
8re’s
£8€74
00¥'L
FAS
L5¥7L
F¥A ¥
29G4
1852
0092
8hLs
L8471

\

NHTs

A

QO

A

4k

> 299

F 200

F 093

I
0.0

1.0

20

I
30

4.0

I
5.0

6.0

7.0

I
8.0

25612

veg'ze
s M.

GLTLLL
LGEELL
60911
LZeakl
Lzoz
GGLETL
£99°%C)
(117 74
Gieseh
6ETLT)
G681
WI6ZL ———
SrL0El
89270}
8rliel
EET'IEL

155°9E |
vibErl
gzops —

£99°%G1

)

N

NHTs

50

[
100

|
150

69



1344

9€TL
1524
€474
£2eL
[0
65€L
GIEL
86€L
80¥'L
Sive
95¥'L
Go¥L
¥ivi
98rL
6957
8852
2692
AV

NHTs

|

L

A

;i

> 2.96

3200

F o097

ey
19 VR
oo
et

40

7.0

GES I

9z0'8e

CLELLL
¥iZELL
19202}
GGLETL
921621
C16'9Z)
¥6L'Lg)
265421
29:'82)

169'62) ——~X
zhvoeh—"772

8E6°0EL
GLLZEL
LTBEEL
0gy9el

BES'EV)
zoL 05, —

GloPsE —

e

%

S

NHTs

50

100

70



ZIET ———
0wz

ael'y
oy
LEG'Y
sy
095'%

V)

L2V
arl's
GiVe
G614
el
LET'L
1524
652
89z'L
80E°L
azes
2042
€24

AV

NHTs

4m

Py
o
ow
28

F 213

F1.00

£

T 213

0.0

5.0

GZ6' L

0Z8°12

691°4€

219221 N\
CELETL —\
660221 |/
6v8 L2 — 2
29562 —

0z29€l

YOSERL

20251 g

PoBEG)

NHTs

100

71



S6E+

0er'e
G0€
060°E
loLe
LIVE
LEVE
EGLE
g9l’e
98L'e
96L°€
Lz'e
£ie

W2

0858 —.
e85y —

AVR:)
769
982'9
508'9
£28'0
860°2
ShLL
el —
Wby ——
1922
867°2
8IE'L
904°2
12lL

W

NHTs

40

T 616

T 301

* 3.08]

Fo8t

T 201
T 2.04

T 2.00

0.0

1.0

I
2.0

3.0

4.0

5.0

8.0

WL ——

¥00'ZZ

0/8'82

G8LEY

AN

ozzee

S5H0L
69E°0Z}

16852} |//
eV LT N

76622 — 2
£L0'62) —— 7
958'6Z) |\
big9gL ——

ELEYL

812851

NHTs

40

50

[
100

I
150

72



POE'T —

J

1

65P'Z

EiEY
98E'Y
6551
LiGY
851

V)

9£6'9
¥90°L
990°2
G80'Z
o=TAV
V622
€0E'L
LIEL
yee's
cied
8i€°4
98e’L
88e’s
8161
£85°2
26G°L
0oL
1922
18LL

S\

NHTs

N

20

$389r

I
3.0

40

T 2.06(
T 0.98(

T
5.0

I
6.0

T 0.94
F 099

FINL

F1.97(
T 2.00(|

¥6Z' LT
Log'ie

62L4€

629°601
ZrL0kL
296°811
8Lz'oezl
980421
8yl
A YT
898'821
LI0°6Z L
¥GL6TL
208621
94671
8lE9EL
GEOEY L
2eeesl

posest ——

W22

NHTs

T
100

73



GEE'Y
80Ky %
e

Ti8'Y

NHTs

O
4q

I 310

> 297
T 209

T 205
T 1.00

3 094
I 1.00

T ese

T 214
T 200

2Ge'91
68512

148'82

FAFAVI

¥GL'601
€68°011
€544
¥iz'szl
260°L2)
YER LTI
LoL'ezl
088'8Z1
[4ANTAY
€G4°6Z)
618'6Z1

LEE'9EL
¥IZBEL

sorer —
08925h ——__
179e5) ———

N\

NHTs

o}
4q

I
100

T
150

74



L5¥'T

21
Nmi )
Eﬁ
N
985 ¥

¥ibs
€612
Lz
9sz'L
vits
¥6CL
e
[4403
[4:03
06€°2 w

¥6E'L
yo¥'L
ey
Gor'L
£09°2
fAL
1292
E¥iL
€942

NHTs

o]

T3

3 209
093

0.0

GBS 1T

612°2€

5.0

50011
= ¥ELLLL
GBEGLL
090°€Z
WeE'¥ClL
¥ L2
yEE' LTI
I 0z:8zl
688°8Z1
960°6Z1

512621
662°9E) ——

N

r 0L9°E¥l

6BEEG) TN

9/8°€G1

NHTs

(2

———y

T
100

T
150

75



L

£9r°Z

LiFy
0EP'Y
05G'%
65G'F
LGy

V)

ol
9912
£8l’L
Lz’
9522
LiTL
G6Z'L
s
GlEL
LeeL
96€°L
LiwL
LEV'L
L5%°L
¥es'L
S¥SL
G942
98L°L

!

NHTs

7 o

4s

1

J 947

F97

T 1.94

0.0

30

6.0

0L9°1e

Wwe'le

yee've
0428

09%'601
051 b —N
90761

£86°22)

zeL vl

198'5Z} N
19892 N
yov 12y —— 7
ze8'8z) /
124621

zorog, —
S00°EY)

pETE —

LG9°EG
LZBEG)

NHTs

T
100

T
150

76



88y'e

8ce0l

BUIN

> 292

> 0.97

098
F 3.03

= 2.00
= 1.00

= 0.94

0.0

5.0

I
10.0

ey e

Pra0LL
Sop2LL ~
9v7zL .
55bZL \
652121 |//

£25°Z51

WSGal

£€ceogl

=0

770w

50

I
100

I
150

I
200

77



€927
0622

955y
YELY
9061

€189
££80
GI69
GEGD
G869
G002
8t
9eTs
GGTL
8424
6624
[449
[A9)
85%€'s
A
FAL
6G¥L
Gi¥L

s

V=

F1.03
F 092

F192

0.0

1.0

40

5.0

6.0

7.0

561
S D%

0zLEY
0129

BYETS ——.
y55'65 ——

92298

%

626011
€9LLLE
861 1L
V62 LLL
Z6EELL
299°F L
069 L1
1228l
LE6BLL
9/8°C2)
656221
aBe'szl
£6¥°G2
092921
186'921
0z0'8z
519821
8/6'8Z1
LL0°62)
£BY0EL
LEG0EL
G¥60EL
GPE'9EL
86¢°9€L
09Leyl
EE6TYL
eeLerl
¥Zo'6¥L
059°EG1
62LEG
GEG9GL
655651

S S

OMe

|

|

50

I
100

I
150

78



NOE of Compounds 2e¢ and 2h

TsHN
Cl
I N 2e J
_ 4 B
0 Ly
—_ 0 0
' 2
EES—
¢ L)
-3
]
[
0 4
ks
.
¥ [} L6
l '
' 7
0 &
Lo
85 RO 75 70 65 60 55 50 45 40 35 30 25 20 LS LD 05 00 -05
2 (ppm)
NHTs
(0]
2h
4__A_JIMU A i ‘ .
s L-1
s - -0
5 ° -1
a— T é :
B 3 s . . v L2
R ———— 8
. ¢ + » ' -3
L]
o -4
o
i %o cum
- ©
=
6 =
- | . L
—— ] ] Lg
) ]
' ! ' Ef
- - -ID
o '
¥ =11
i .
i 12
T T T T T T T T T T T LA L 1 " v v v T Bl Bl
95 90 RS R0 75 70 65 60 55 S50 45 40 35 30 25 20 15 1.0 05 00
2 (ppm)

79

f1 (ppm)



