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1. Experimental Section

1.1 General information

Reagents were purchased at the highest commercial quality and used without
further purification, unless otherwise stated. All reactions were performed in oven-
dried glassware with magnetic stirring. Reactions were monitored by LC/MS or thin
layer chromatography (TLC). NMR spectra were recorded on Bruker 300 instruments
and calibrated using residual undeuterated solvents. The following abbreviations were
used to explain multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br = broad. Flash column chromatography was performed using Qingdao
Haiyang silica (silica gel for thin-layer chromatography, HG/T2354-2010). High-
resolution mass spectra (HRMS) were obtained on an Agilent 6545 Q-TOF HPLC and
mass spectrometry. The melting point (MP) was measured by Mettler Toledo MP90

melting point system.

1.2 General procedure for synthesis of compounds 3

Cul (10 mol%)

| A o)
. @i . (é) Na* 2,2'-Bpy (20 mol%) R _E/\[N\ -
NCS R0 Zs o

DMSO, rt, 30min
1 2 3

In a reaction flask, 1 (0.20 mmol, 1 equiv.) and 2 (0.40 mmol, 2 equiv.), Cul (10
mol%), 2,2’-Bpy (20 mol%) and DMSO (2 mL) were added. The mixture was stirred
for about 30 min at room temperature. The reaction was monitored by thin layer
chromatography (TLC) until the substrates disappeared completely. The reaction
mixture was added diluted hydrochloric acid (10%, 5 mL) and ethyl acetate (10 mL).
The separated organic layer was washed saturated aqueous brine (10 mL x 5), and
dried over anhydrous Na,SO,. After the solvent was evaporated by a rotary
evaporator, the concentrated crude products are generally of high-purity as evidenced
by the NMR spectroscopy. (The few low-pure products were further isolated and
purified by column chromatography (ethyl acetate and petroleum ether, 1:7) to obtain

the pure 3.)



1.3 LC-MS monitoring experiments
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2. Characterization data of products 3

N %
Susly
2-(phenylsulfonyl)benzo[d]thiazole (3aa)!
White solid; mp: 166.4 — 167.2 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 51.7
mg, yield 94%. '"H NMR (300 MHz, Chloroform-d) & 8.22 — 8.10 (m, 3H), 7.96 (dd, J
=6.9, 2.0 Hz, 1H), 7.70 — 7.50 (m, 5H). 3C NMR (75 MHz, Chloroform-d) & 167.26,

152.92, 138.47, 137.07, 134.62, 129.58, 128.98, 127.94, 127.56, 125.58, 122.25.
HRMS (ESI) m/z: [M + H]" Calcd for C;3H;(NO,S, 276.0148; Found: 276.0151.

N, %
-+
2-tosylbenzo[d]thiazole (3ab)!
White solid; mp: 146.2 — 147.8 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 57.2
mg, yield 99%. '"H NMR (300 MHz, Chloroform-d) 6 8.13 (dd, J = 6.8, 1.7 Hz, 1H),
8.04 (d, J=8.3 Hz, 2H), 7.94 (dd, /= 7.2, 2.3 Hz, 1H), 7.61 — 7.47 (m, 2H), 7.36 (d, J
= 8.1 Hz, 2H), 2.41 (s, 3H). 13C NMR (75 MHz, Chloroform-d) & 167.63, 152.86,

146.01, 136.99, 135.40, 130.25, 129.00, 127.86, 127.51, 125.46, 122.25, 21.79.
HRMS (ESI) m/z: [M + H]" Calcd for C;4H;,NO,S, 290.0304; Found: 290.0301.

2-((4-ethylphenyl)sulfonyl)benzo|d]thiazole (3ac)

White solid; mp: 104.9 — 105.7 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 58.2
mg, yield 96%. '"H NMR (300 MHz, Chloroform-d) 6 8.15 (dd, J= 7.1, 1.8 Hz, 1H),
8.07 (d, J = 8.4 Hz, 2H), 7.98 — 7.91 (m, 1H), 7.55 (m, 2H), 7.40 (d, J = 8.5 Hz, 2H),
2.72 (q,J = 7.6 Hz, 2H), 1.24 (t, J= 7.6 Hz, 3H). 3C NMR (75 MHz, Chloroform-d)
0 167.68, 152.91, 151.99, 137.04, 135.59, 129.13, 129.11, 127.82, 127.48, 125.52,
122.23, 29.01, 15.00. HRMS (ESI) m/z: [M + H]" Calcd for C;sH4NO,S, 304.0460;
Found: 304.0458.

2-((4-isopropylphenyl)sulfonyl)benzo|d]thiazole (3ad)?

White solid; mp: 133.4 — 134.8 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 57.1
mg, yield 90%. '"H NMR (300 MHz, Chloroform-d) 6 8.16 (dd, J= 7.6, 1.2 Hz, 1H),
8.07 (d, J= 8.4 Hz, 2H), 7.95 (dd, J= 7.9, 1.4 Hz, 1H), 7.62 — 7.48 (m, 2H), 7.42 (d, J
= 8.5 Hz, 2H), 3.02 — 2.92 (m, 1H), 1.25 (d, J = 7.0 Hz, 6H). 13C NMR (75 MHz,
Chloroform-d) 6 167.70, 156.49, 152.95, 137.07, 135.72, 129.16, 127.79, 127.74,
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127.46, 125.54, 122.21, 34.37, 23.53. HRMS (ESI) m/z: [M + H]" Calcd for
Ci16H16NO32S, 318.0617; Found: 318.0619.

C+0O-0

b

2-([1,1'-biphenyl]-4-ylsulfonyl)benzo[d]thiazole (3ae)?

White solid; mp: 187.4 — 189.0 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 67.4
mg, yield 96%. '"H NMR (300 MHz, Chloroform-d) & 8.25 — 8.16 (m, 3H), 7.99 — 7.94
(m, 1H), 7.77 (d, J = 8.5 Hz, 2H), 7.60 — 7.42 (m, 7H). 3C NMR (75 MHz,
Chloroform-d) 6 167.45, 152.97, 147.62, 138.93, 137.09, 136.87, 129.53, 129.13,

128.88, 128.18, 127.91, 127.55, 127.44, 125.58, 122.25. HRMS (ESI) m/z: [M + H]*
Calcd for C9H4NO,S; 352.0460; Found: 352.0457.

N @ /
<)
2-((4-methoxyphenyl)sulfonyl)benzo|[d|thiazole (3af)!
White solid; mp: 117.3 — 118.6 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 50.6
mg, yield 83%. '"H NMR (300 MHz, Chloroform-d) & 8.17 — 8.04 (m, 3H), 7.97 — 7.91
(m, 1H), 7.52 (qd, J = 7.3, 1.5 Hz, 2H), 7.07 — 6.99 (m, 2H), 3.86 (s, 3H). 13C NMR
(75 MHz, Chloroform-d) 6 168.02, 164.60, 152.86, 138.38, 136.92, 131.33, 129.58,

127.76, 125.42, 122.23, 114.88, 55.83. HRMS (ESI) m/z: [M + H]" Caled for
C14H12NO3S, 306.0253; Found: 306.0255.

N @
GRS St

S 0 0
1-(4-(benzo|d]thiazol-2-ylsulfonyl)phenyl)ethan-1-one (3ag)?
White solid; mp: 163.7 — 165.1 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 60.2
mg, yield 95%. '"H NMR (300 MHz, Chloroform-d) & 8.27 (d, J = 8.5 Hz, 2H), 8.14 (t,
J = 8.5 Hz, 3H), 8.01 — 7.94 (m, 1H), 7.58 (tt, J = 7.3, 5.6 Hz, 2H), 2.65 (s, 3H). 13C
NMR (75 MHz, Chloroform-d) & 196.60, 166.43, 152.94, 142.18, 141.33, 137.09,

129.38, 129.20, 128.19, 127.74, 125.65, 122.30, 26.98. HRMS (ESI) m/z: [M + H]*
Calcd for C;sH;,NO;S,; 318.0253; Found: 318.0256.

N, o
()
2-((4-fluorophenyl)sulfonyl)benzo[d]thiazole (3ah)?
White solid; mp: 153.2 — 155.1 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 55.1
mg, yield 94%. '"H NMR (300 MHz, Chloroform-d) & 8.24 — 8.12 (m, 3H), 8.00 — 7.93

(m, 1H), 7.62 — 7.50 (m, 2H), 7.30 — 7.23 (m, 2H). 3C NMR (75 MHz, Chloroform-d)
5 167.05, 166.4 (d, J = 256.5 Hz), 152.88, 136.97, 134.47, 132.00 (d, J = 9.75 Hz),

4



127.84 (d, J = 29.25 Hz), 125.53, 122.28, 117.15, 116.85. 9F NMR (282 MHz,
Chloroform-d) & -101.41. HRMS (ESI) m/z: [M + H]* Caled for Ci;HsFNO,S,
294.0053; Found:294.0056.

N, o
(o<
2-((4-chlorophenyl)sulfonyl)benzo[d]thiazole (3ai)?
White solid; mp: 155.7 — 157.1 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 57.5
mg, yield 93%. '"H NMR (300 MHz, Chloroform-d) & 8.21 — 8.05 (m, 3H), 8.02 — 7.93
(m, 1H), 7.64 — 7.50 (m, 4H). 3C NMR (75 MHz, Chloroform-d) 3 166.80, 152.90,

141.58, 137.01, 136.90, 130.44, 129.93, 128.09, 127.68, 125.58, 122.29. HRMS (ESI)
m/z: [M + H]" Calcd for C;3HyCINO,S,; 309.9758; Found: 309.9760.

0

S>—(IS)I Br

2-((4-bromophenyl)sulfonyl)benzo|d]|thiazole (3aj)>

White solid; mp: 161.6 — 162.4 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 62.8
mg, yield 89%.'H NMR (300 MHz, Chloroform-d) 6 8.20 — 8.11 (m, 1H), 8.06 — 7.92
(m, 3H), 7.72 (d, J = 8.6 Hz, 2H), 7.63 — 7.52 (m, 2H). 3C NMR (75 MHz,
Chloroform-d) 6 166.75, 152.92, 137.47, 137.02, 132.92, 130.45, 130.28, 128.08,

127.67, 125.61, 122.27. HRMS (ESI) m/z: [M + H]* Caled for C;3H¢BrNO,S,
353.9253; Found: 353.9255.

Crid
=S
S 0O
Br

2-((3-bromophenyl)sulfonyl)benzo|d]thiazole (3ak)

White solid; mp: 170.2 — 171.8 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 49.4
mg, yield 70%. '"H NMR (300 MHz, Chloroform-d) & 8.30 (s, 1H), 8.18 (dd, J = 7.3,
1.8 Hz, 1H), 8.11 (d, J = 7.9 Hz, 1H), 8.02 — 7.96 (m, 1H), 7.79 (d, J = 8.3 Hz, 1H),
7.62 — 7.54 (m, 2H), 7.47 (t, J = 7.9 Hz, 1H). 3C NMR (75 MHz, Chloroform-d) &
166.45, 152.93, 140.32, 137.66, 137.11, 131.70, 131.03, 128.15, 127.72, 127.57,
125.69, 123.47, 122.29. HRMS (ESI) m/z: [M + H]" Calcd for C;3Hy¢BrNO,S,
353.9253; Found: 353.9249.

N o
O
2-(naphthalen-2-ylsulfonyl)benzo[d|thiazole (3al)?

White solid; mp: 158.6 — 159.9 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 60.5
mg, yield 93%. '"H NMR (300 MHz, Chloroform-d) 6 8.77 (s, 1H), 8.16 — 7.87 (m,
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6H), 7.70 — 7.49 (m, 4H). 3C NMR (75 MHz, Chloroform-d) § 167.36, 152.93,
137.07, 135.68, 135.24, 132.20, 131.16, 129.92, 129.72, 128.04, 127.90, 127.54,
125.56, 123.16, 122.23. HRMS (ESI) m/z: [M + H]* Calcd for C;7H,,NO,S, 326.0304;
Found: 326.0307.

@N\P‘)‘
ﬁ_
S 0o

2-(methylsulfonyl)benzo[d|thiazole (3am)’

White solid; mp: 185.3 — 186.9 °C. Ry = 0.5 (petroleum ether/ethyl acetate 6:1); 42.2
mg, yield 99%. 'H NMR (300 MHz, Chloroform-d) & 8.24 — 8.16 (m, 1H), 8.04 — 7.98
(m, 1H), 7.68 — 7.56 (m, 2H), 3.42 (s, 3H). 3C NMR (75 MHz, Chloroform-d)
166.36, 152.42, 136.59, 128.16, 127.76, 125.38, 122.44, 42.49. HRMS (ESI) m/z: [M
+ H]" Calcd for CgHgNO,S, 213.9991; Found: 213.9992.

o

2-(ethylsulfonyl)benzo[d|thiazole (3an)*

White solid; mp: 91.9 — 93.4 °C. R¢= 0.5 (petroleum ether/ethyl acetate 6:1); 44.5 mg,
yield 98%. '"H NMR (300 MHz, Chloroform-d) 6 8.13 (d, J=9.5 Hz, 1H), 7.96 (d, J =
7.7 Hz, 1H), 7.61 — 7.50 (m, 2H), 3.47 (q, J = 7.4 Hz, 2H), 1.36 (t, J = 7.4 Hz, 3H).
3C NMR (75 MHz, Chloroform-d) 6 165.32, 152.76, 136.77, 128.06, 127.69, 125.46,
122.37, 49.35, 7.18. HRMS (ESI) m/z: [M + H]* Calcd for CoH(NO,S, 228.0147,
Found: 228.0149.

methyl 3-(benzo|d]thiazol-2-ylsulfonyl)propanoate (3a0)®

Colorless oily liquid. Ry = 0.5 (petroleum ether/ethyl acetate 6:1); 52.5 mg, yield 92%.
'H NMR (300 MHz, Chloroform-d) & 8.25 — 8.19 (m, 1H), 8.06 — 7.99 (m, 1H), 7.69
—17.57 (m, 2H), 3.89 — 3.82 (m, 2H), 3.67 (s, 3H), 3.01 — 2.93 (m, 2H). '*C NMR (75
MHz, Chloroform-d) & 170.10, 165.04, 152.61, 136.77, 128.26, 127.82, 125.52,
122.41, 52.48, 50.28, 27.57. HRMS (ESI) m/z: [M + H]" Calcd for C;;H,NO4S,
286.0202; Found: 286.0219.

@N\PR
5
S 0O

2-(cyclopropylsulfonyl)benzo[d]thiazole (3ap)
White solid; mp: 118.8 — 119.6 °C. Ry = 0.5 (petroleum ether/ethyl acetate 6:1); 46.9
mg, yield 98%. 'H NMR (300 MHz, Chloroform-d) 6 8.23 (dd, J= 7.2, 1.6 Hz, 1H),

6



8.07 — 7.95 (m, 1H), 7.67 — 7.54(m, 2H), 2.89 (tt, J= 7.9, 4.7 Hz, 1H), 1.59 — 1.49 (m,
2H), 1.25 — 1.17 (m, 2H). '*C NMR (75 MHz, Chloroform-d) & 166.22, 152.76,
136.68, 127.96, 127.62, 125.46, 122.32, 31.70, 6.66. HRMS (ESI) m/z: [M + HJ*
Caled for C1oH;oNO,S, 240.0147; Found: 240.0149.

o
>—S
S 0O

2-(cyclobutylsulfonyl)benzo[d]thiazole (3aq)

White solid; mp: 101.2 — 102.3 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 6:1); 49.1
mg, yield 97%. '"H NMR (300 MHz, Chloroform-d) 6 8.21 (dd, J = 6.8, 1.4 Hz, 1H),
8.01 (dd, J =17.0, 1.8 Hz, 1H), 7.67 — 7.54(m, 2H), 4.33 (p, J = 8.1 Hz, 1H), 2.84 —
2.66 (m, 2H), 2.44 — 2.28 (m, 2H), 2.19 — 2.02 (m, 2H). BC NMR (75 MHz,
Chloroform-d) & 164.95, 152.85, 136.80, 127.96, 127.61, 125.45, 122.32, 56.06,
22.72, 17.37. HRMS (ESI) m/z: [M + H]" Caled for C{1H;,NO,S; 254.0304; Found:
254.0307.

(4O

S 3

2-(cyclopentylsulfonyl)benzo[d|thiazole (3ar)®

White solid; mp: 113.4 — 114.9 °C. Ry = 0.5 (petroleum ether/ethyl acetate 6:1); 51.8
mg, yield 97%. '"H NMR (300 MHz, Chloroform-d) 6 8.22 (dd, J = 7.6, 2.1 Hz, 1H),
8.06 — 7.98 (m, 1H), 7.67 — 7.54(m, 2H), 4.04 (tt, /= 9.1, 6.7 Hz, 1H), 2.26 (dq, J =
13.4,7.1 Hz, 2H), 2.11 — 1.97 (m, 2H), 1.83 (dd, /= 10.1, 5.4 Hz, 2H), 1.75 — 1.60 (m,
2H). 3C NMR (75 MHz, Chloroform-d) & 165.93, 152.87, 136.78, 127.96, 127.61,
125.43, 122.34, 63.29, 27.13, 26.03. HRMS (ESI) m/z: [M + H]" Calcd for
C12H14NO,S,; 268.0460; Found: 268.0462.

N R
CrLo+O
2-(cyclohexylsulfonyl)benzo[d|thiazole (3as)®
White solid; mp: 116.3 — 118.1 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 6:1); 53.4
mg, yield 95%. 'H NMR (300 MHz, Chloroform-d) 6 8.24 (dd, J = 7.7, 2.1 Hz, 1H),
8.08 — 7.98 (m, 1H), 7.67 — 7.54(m, 2H), 3.48 (tt, /= 12.2, 3.5 Hz, 1H), 2.19 (d, J =
12.8 Hz, 2H), 1.91 (d, /= 13.3 Hz, 2H), 1.75 — 1.58 (m, 3H), 1.37 — 1.17 (m, 3H). 13C
NMR (75 MHz, Chloroform-d) 6 165.04, 152.97, 136.98, 127.96, 127.61, 125.51,
122.31, 63.04, 25.11, 25.02, 24.98. HRMS (ESI) m/z: [M + H]" Caled for
C13H1,NO;S,; 282.0617; Found: 282.0619.



oy

2-(benzylsulfonyl)benzo[d|thiazole (3at)®

White solid; mp: 109.7 — 110.9 °C. R¢= 0.5 (petroleum ether/ethyl acetate 15:1); 46.8
mg, yield 81%. "H NMR (300 MHz, Chloroform-d) & 8.26 (d, J= 6.5 Hz, 1H), 7.94 (d,
J=17.9 Hz, 1H), 7.70 — 7.54 (m, 2H), 7.38 — 7.27 (m, 5H), 4.77 (s, 2H). 3C NMR (75
MHz, Chloroform-d) 6 165.16, 152.57, 137.08, 131.15, 129.27, 128.94, 128.05,
127.70, 126.32, 125.51, 122.32, 121.39, 61.06. HRMS (ESI) m/z: [M + H]" Calcd for
C14H1,NO;S,; 290.0304; Found: 290.0307.

N\ 0
>—§{ f
S 0O

7-methyl-2-tosylbenzo[d]|thiazole (3ba)

White solid; mp: 148.3 — 149.7 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 56.4
mg, yield 93%. '"H NMR (300 MHz, Chloroform-d) 6 7.93 (dd, J = 16.8, 8.3 Hz, 3H),
7.40 (t,J= 7.8 Hz, 1H), 7.26 (dd, J= 18.0, 7.7 Hz, 3H), 2.51 (s, 3H), 2.35 (s, 3H). 13C
NMR (75 MHz, Chloroform-d) ¢ 167.03, 152.80, 145.89, 137.77, 135.54, 132.45,
130.22, 128.99, 127.76, 127.71, 122.93, 21.78, 21.24. HRMS (ESI) m/z: [M + H]*
Calcd for C;sH14NO,S; 304.0460; Found: 304.0463.

N, o
JOSS SUS
6-methyl-2-tosylbenzo[d]thiazole (3bb)!
White solid; mp: 142.8 — 144.1 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 59.4
mg, yield 98%. '"H NMR (300 MHz, Chloroform-d) & 7.94 (s, 2H), 7.81 (s, 1H), 7.69
(d, J = 8.3 Hz, 1H), 7.30 — 7.20 (m, 3H), 2.38 (s, 3H), 2.31 (s, 3H). 3C NMR (75
MHz, Chloroform-d) 6 167.47, 153.31, 145.88, 137.88, 135.54, 134.07, 130.20,

129.69, 128.93, 125.11, 121.66, 21.77, 21.53. HRMS (ESI) m/z: [M + H]" Calcd for
Ci5H14NO;S; 304.0460; Found: 304.0461.

N, o

L+

5-methyl-2-tosylbenzo[d]thiazole (3bc)

White solid; mp: 144.2 — 145.2 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 59.4
mg, yield 98%. 'H NMR (300 MHz, Chloroform-d) 6 8.01 (t, /= 8.3 Hz, 3H), 7.70 (s,
1H), 7.35 (d, J = 8.5 Hz, 3H), 2.49 (s, 3H), 2.41 (s, 3H). 3C NMR (75 MHz,
Chloroform-d) 6 166.31, 151.05, 145.85, 138.58, 137.28, 135.60, 130.20, 129.33,
128.91, 12491, 121.66, 21.81, 21.77. HRMS (ESI) m/z: [M + H]" Calcd for
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Ci5H14NO;S, 304.0460; Found: 304.0462.

5,6-dimethyl-2-tosylbenzo|d]thiazole (3bd)

White solid; mp: 177.1 — 178.6 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 61.5
mg, yield 97%. '"H NMR (300 MHz, Chloroform-d) 6 7.95 (d, J = 8.4 Hz, 2H), 7.82 (s,
1H), 7.61 (s, 1H), 7.28 (d, J = 8.1 Hz, 2H), 2.35 — 2.30 (m, 9H). 13C NMR (75 MHz,
Chloroform-d) 6 166.10, 151.79, 145.67, 138.11, 137.25, 135.78, 134.72, 130.14,
128.90, 125.24, 121.72, 21.76, 20.49, 20.30. HRMS (ESI) m/z: [M + H]" Calcd for
Ci6H16NO3S, 318.0617; Found: 318.0619.

MeO N 9

T+
5-methoxy-2-tosylbenzo|d]thiazole (3be)
White solid; mp: 148.1 — 149.3 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 61.9
mg, yield 97%. '"H NMR (300 MHz, Chloroform-d) 6 7.93 (dd, J = 16.9, 8.1 Hz, 3H),
7.40 (t,J= 7.8 Hz, 1H), 7.26 (dd, J=18.1, 7.6 Hz, 3H), 2.51 (s, 3H), 2.35 (s, 3H). 13C
NMR (75 MHz, Chloroform-d) ¢ 167.03, 152.80, 145.89, 137.77, 135.54, 132.45,
130.22, 128.99, 127.76, 127.71, 122.93, 21.78, 21.24. HRMS (ESI) m/z: [M + H]*
Calcd for C;sH4NOsS; 320.0410; Found: 320.0411.

N R
OO
CF3 s 0
2-tosyl-6-(trifluoromethyl)benzo|d]thiazole (3bf)!

White solid; mp: 142.5 — 144.1 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 58.5
mg, yield 82%. "H NMR (300 MHz, Chloroform-d) & 8.31 — 8.20 (m, 2H), 8.09 — 8.02
(m, 2H), 7.80 (d, J = 8.7 Hz, 1H), 7.40 (d, J = 8.2 Hz, 2H), 2.44 (s, 3H). 3C NMR (75
MHz, Chloroform-d) & 171.06, 154.66, 146.50, 136.91, 134.74, 130.40, 129.80 (q, J =
33Hz), 129.20, 126.05, 124.39 (q, J = 3Hz), 123.62 (q, J = 271.5Hz), 120.18 (q, J =
3.75Hz), 21.83. 'F NMR (282 MHz, Chloroform-d) & -61.30. HRMS (ESI) m/z: [M +
H]" Calcd for CsH;FsNO,S; 358.0178; Found: 358.0181.

L0
S
F S>—('5
6-fluoro-2-tosylbenzo|d|thiazole (3bg)!
White solid; mp: 171.9 — 172.8 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 58.3
mg, yield 95%. 'H NMR (300 MHz, Chloroform-d) & 8.16 — 7.94 (m, 3H), 7.63 (dd, J

=179, 2.6 Hz, 1H), 7.43 — 7.28 (m, 3H), 2.44 (s, 3H). 3C NMR (75 MHz,
Chloroform-d) 6 167.38, 161.77 (d, J = 249.75Hz), 149.58, 146.11, 138.23 (d, J =

9



11.25Hz), 135.27, 130.29, 129.03, 126.89 (d, J = 9.75Hz), 116.87 (d, J = 24.75Hz),
108.25 (d, J = 26.25Hz), 21.79. 'F NMR (282 MHz, Chloroform-d) & -110.47.
HRMS (ESI) m/z: [M + H]" Calcd for C;4H;1FNO,S, 308.0210; Found: 308.0213.

N R

Tegavs

Cl
7-chloro-2-tosylbenzo|d]thiazole (3bh)
White solid; mp: 182.6 — 184.4 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 27.1
mg, yield 42%. '"H NMR (300 MHz, Chloroform-d) & 8.11 —7.96 (m, 3H), 7.57 — 7.46
(m, 2H), 7.39 (d, J = 8.2 Hz, 2H), 2.44 (s, 3H). 3C NMR (75 MHz, Chloroform-d) &
168.62, 153.30, 146.28, 137.41, 135.06, 130.34, 129.12, 128.42, 127.34, 127.24,
123.82, 21.81. HRMS (ESI) m/z: [M + H]" Calcd for C4H;;CINO,S, 323.9914;
Found: 323.9917.

N R
OO~

cl s 0
6-chloro-2-tosylbenzo[d|thiazole (3bi)!
White solid; mp: 184.7 — 186.1 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 59.4
mg, yield 92%. 'H NMR (300 MHz, Chloroform-d) 6 8.04 (dd, J = 8.6, 3.2 Hz, 3H),
7.93 (d,J=2.1 Hz, 1H), 7.52 (dd, J = 8.8, 2.1 Hz, 1H), 7.39 (d, /= 8.1 Hz, 2H), 2.44
(s, 3H). 3C NMR (75 MHz, Chloroform-d) 6 168.23, 151.38, 146.21, 138.06, 135.13,

134.08, 130.31, 129.07, 128.58, 126.26, 121.77, 21.81. HRMS (ESI) m/z: [M + H]*
Calcd for C14H;CINO;S, 323.9914; Found: 323.9915.

7-bromo-2-tosylbenzo|d]thiazole (3bk)

White solid; mp: 161.7 — 162.9 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 29.4
mg, yield 40%. '"H NMR (300 MHz, Chloroform-d) 6 8.11 (d, J= 8.3 Hz, 1H), 8.06 (d,
J=28.0 Hz, 2H), 7.67 (d, J = 7.7 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.42 (s, 1H), 7.40
(s, 1H), 2.46 (s, 3H). 13C NMR (75 MHz, Chloroform-d) & 168.06, 152.46, 146.24,
140.12, 135.09, 130.41, 130.33, 129.13, 128.61, 124.34, 114.23, 21.82. HRMS (ESI)
m/z: [M + H]* Caled for C14H;;BrNO,S, 367.9409; Found: 367.9411.

N o
JONSSOS

Br S o
6-bromo-2-tosylbenzo|d]thiazole (3bl)!

White solid; mp: 185.2 — 186.6 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 67.5

10



mg, yield 92%. 'H NMR (300 MHz, Chloroform-d) & 8.17 — 7.83 (m, 4H), 7.64 (dd, J
= 8.8, 1.9 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 2.43 (s, 3H). *C NMR (75 MHz,
Chloroform-d) & 168.24, 151.67, 146.24, 138.42, 135.09, 131.23, 130.33, 129.06,
126.49, 124.76, 121.88, 21.82. HRMS (ESI) m/z: [M + HJ* Calcd for C;4H;,BrNO,S,
367.9409; Found: 367.9412.

O

| s ©

6-iodo-2-tosylbenzo|d]thiazole (3bm)

White solid; mp: 174.6 — 176.1 °C. R¢ = 0.5 (petroleum ether/ethyl acetate 7:1); 69.7
mg, yield 84%. '"H NMR (300 MHz, Chloroform-d) & 8.30 (s, 1H), 8.03 (d, J = 8.4 Hz,
2H), 7.84 (d, J = 0.7 Hz, 2H), 7.38 (d, J = 7.8 Hz, 2H), 2.43 (s, 3H). 3C NMR (75
MHz, Chloroform-d) & 168.15, 152.15, 146.21, 138.76, 136.75, 135.10, 130.75,

130.32, 129.07, 126.71, 93.01, 21.82. HRMS (ESI) m/z: [M + H]" Caled for
C14H1INO,S; 415.9270; Found: 415.9272.

F
OO

F s 0

4,6-difluoro-2-tosylbenzo[d|thiazole (3bn)!

White solid; mp: 164.8 — 165.6 °C. Ry = 0.5 (petroleum ether/ethyl acetate 7:1); 61.8
mg, yield 95%. '"H NMR (300 MHz, Chloroform-d) 6 7.96 (d, J = 8.4 Hz, 2H), 7.34
(dd, J = 17.7, 7.7 Hz, 3H), 6.99 (m, 1H), 2.37 (s, 3H). *C NMR (75 MHz,
Chloroform-d) 6 167.94 (d, J = 3Hz) 163.44 (d, J = 10.5Hz), 160.09 (d, J = 10.5Hz),
156.46 (d, J = 13.5Hz), 154.95 (d, J = 13.5Hz), 146.37, 139.78 — 139.10 (m), 134.85,
130.34, 129.18, 104.44 — 103.51(m), 21.82. 'F NMR (282 MHz, Chloroform-d) 6 -

106.58, -113.19. HRMS (ESI) m/z: [M + H]J" Caled for Ci4H;oF,NO,S, 326.0116;
Found: 326.0119.

11



3. Copies of NMR spectra of products 3

€100 12°Ly
g’z
g’z
gL
el
95°L
65°L
19’z
g9o'L
19°L

JR- WA 3

89°L
0Ll
ce'L
ge'L
le°L
86°L
LR
cL'e
9L'8
FAN:}

gL's
8’8

Fgog|~

00}
F66'C

12.0 11.5

]

10.0

11.0 10.5

€10a2 .vm.mh/

€10a2 L0°LLF
€10a0 6¥'LL’

gc'eTl
mm.mw_./
um.hur/
¥6'L2L
86'82L
um.murﬂ
29'vel
Loigl
Ly'sel
Z6'Z6L—

'"H NMR (300 MHz, CDCl;) of 3aa.

9T L91L—

T
-10

FE

80

T T T T
170 160 130 140 130 120 110

T
180

T T
200 180

T
210

T
100
-

13C NMR (75 MHz, CDCL;) of 3aa.

12



Wwe—

1000 8347
5821
8C°L1
8" L1
6% 11
1521
1521
5L
§6° 2
95'2 W

86°L

gg/
nm.h%
£6'2)

562

96°L]

z0'8

50'8]

Z1'8

z1'8]

v1'8]
si'g/

L

L6

r66’ 1
m:m_m._.
860
Mmm._.
860

T T
11.0 105 10.0

12.0 11.5

6L’ —

£1009 2294
£1000 vL'LL—
€100 15227

52°zZl
me.mﬁ/
_.m.hﬂ,/
9822l

00°62L7
mn.an&w
ovsel

66°9¢L
Loarl—

'"H NMR (300 MHz, CDCl;) of 3ab.

98'Z51L—

£9°L91—

@

13C NMR (75 MHz, CDCL;) of 3ab.

T
110

13



=
2
ko

- L=
e . e
¥z r\. B - Zo'e
97’1 L 00'5L—

L=
o'z L063—
LT |
_— - =
mh.uv 002 -
92 [
g
E =
G
o ©
¥~ £10aD ¥o'9L
o == tl0aoie=r=
e O e10aosevrL’
£19a9 124 A
8e° L] Lo
b L S
05'1 Lo N
05'L1 e
511 o
TG L1 [ M
5L - m L4448
§5°L = 25°5TL
hm.h)ﬁ o — J86L O 8 171\
1813 — —= 002} 29121
MWM 160 S L1621

. - - .

. —_—— - 96 L[ w gL'62L
em.ﬁw — %mm.a " Z 69°gEL
6L he ¥0'LeL
96°L s 66151
6L L2 bezsL
50°8)] @

808 -
b8 s 89°29L —

e O=n=0 L=

oL'g e

z7»n E

-

-

14

fl (pom)

13C NMR (75 MHz, CDCl) of 3ac.

160 150

170

O

S

1
180

\>_

S

N
T
180

200

210




1 o
3 IU
ra
L=
L — _ u —
9z IM co9
OZH ¥9'L— - -
©
= Fei e5'ez— -
26z L ]
mm.uk ere— -
0wt/ - - 00b
zo'e o
"o
= ®
W en
" %
"~ 21000 19'9L
Lo =2 21000 b=
£1000 92°2 @ QO eloaoeriL’
L e O
1] NS
05°L o o
05°L re N
7611 e
2521 =
55"+
551 = m LzZTL
. ol 6621
1871
um.h“w Sv— - H__MWM ) ov2zL!
092 - Fave - o vLIZL
EE.1 — J96°0[ 6121
et W — —= Hjurmm._. i M u_.“mwr
e L4 S6°0| . Z MMNM_—H
1671 el
E”hu SR 98291 —
”““_ 6v'951—
518 Lo
518 - 0L L9L— O=n=0
ol L=
118 =
81’8 y
O=n=0 Fe z n
A -
z7 " » =
-

13C NMR (75 MHz, CDCly) of 3ad.
15




€102a2 92°L,
vl
L
L
L
SY'L
svL
iv'L
V'L
0S°L
Ls'L
Ls'L
£5°L
¥s'L
95°L
95°L
158°L
65°L
9L'L
BLL
S6°L
96°L
86°L
L1}
8L's
1%}

Lz's
LA

N

1.5 1.0 10.5 10.0

12.0

'"H NMR (300 MHz, CDCl;) of 3ae.

£1000 £9°9L°
£1000 50°LLF
1000 L2/

SZ'Zel
85'6¢glL
il
ggizL
Le'l2L
8L'8clL
88'8¢glL
cL'ezl
€56zl
18'9¢gl
mn.hm_.W
£6°BEL
T LYl —
16281 —

Syi9L—

90

T
110

T T
180 180 170

T
200

T
210

{rorm}

13C NMR (75 MHz, CDCls) of 3ae.

f1

16



98¢ —

bo'Ly
Y0°L]
£€1009 £2°2
6%'L
6v'L]
1572
15721
G,
£9°L1
¥s'L
9G°L
65,
£6°L
ﬁm.L
§6°L
96°L
90°8
108
808
60781
0181
zv's
£1°81

ﬁ
V
ﬁ

.2

V18
S8

-S0'¢

"0z
/661

66°0
b 16T

10.0

1.0 10.5

5

11

12.0

"H NMR (300 MHz, CDCl;) of 3af.

£8°'65—

£10aD 89°9.L~,
€100 0L LL—F
€10ad £5°LL7

88'¥LL~
ezzzl

szl

E.R_.M
85621~
sgieL”
z6'98L—
scact’

98'Z61L—

09'v8l—
c0'89l—

T T
130 120

T
140

150

T T T T
200 130 180 170

T
210

F1 driranl

13C NMR (75 MHz, CDCL5) of 3af.

17



69—

1909 221,
521
¥5'L1
95°L1
95°L1
16711
85°L1
85°L |
09°2
_.m.h;r
nm.Q
eoL'r
16°L
86"
008
118
ri'8
118
818
9z7'g]
62'8

S

O

N
S

~£0'¢

rE0C

0oL
med
5661

'H NMR (300 MHz, CDCls) of 3ag.

T T
0.0 9.5

11.0 10.5

T T T

12.0 11.5

L5

T

3

86'92—

£1002 £9'9.,

€10Q0 so====
€100 8¥'LL’

oe'zel

go'gzl
._:__..;__.NFW

£v'99l—

09°'96L—

3
)

{pmm

13C NMR (75 MHz, CDCL;) of 3ag.

Il

110

200 150 180 170 160 150

210

18



€10a2 2T’ L
£T'L
L
%L
Fravi
8z'L
6Z°L
gL
(48
L
L
95°L
95°L
158°L
85°L
65°L
_.m.k...;\
37
S6°L
96°L
Fi-yi
86°L
86°L
eL's
9’8
a8
FA%
6L'8
6L'8

0z's
(44}

=002
= 0k4
001
FE0E

5

0.0

5

1.0

5

2.0

3

3.0

]

4.0

'"H NMR (300 MHz, CDCl;) of 3ah.

]

[

5
[t

]

]
e

9.0

9.5

1.0

12.0 11.5 11.0 10.5

€10aD £9°91~
€100 60°LL w
€100 25 LL

se'oll
2;:%
82ZZL

£4°5Z1 .
v9'LZh:
v0'8ZL
£6'LEL

13C NMR (75 MHz, CDCL;) of 3ah.

19



—-101.41

T T T T
=170 -180 -180 -200 210

T T T T T T T
-100 -110 -120 -130 -140 -150 -160
f1 (ppm}

9F NMR (282 MHz, CDCl;) of 3ah.

T T T T T T T T T T T
10 il - -20 -30 40 =50 -&0 -70 -BO =80

T T T T T T

T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 7.5 70 &3 &0 55 50 435 40 35 30 25 20 1.5

'"H NMR (300 MHz, CDCl;) of 3ai.

20



£100D §9'9.
£1002 8024
£10a0 08227

mw.ww_‘/
mm.mur
mm.hurW
60°8Z1L
£e'ezl
¥roct
nm.mnr&
ra.hmr\
85’Lvl
06251 —

08'991L—

00
f1 {ppm}

13C NMR (75 MHz, CDCL) of 3ai.

Cl
204 ]QID 180 ]}D ' 160 ' 0

210

€10a2 92°1,
(43
€5°L
gg’l
§5°L
LS°L
18°2
85’
65°L
09°2

ToLG

Wl
L
96°L
96°L
66°L
Lo's
¥0'8
L8
FA% ]

—

FA%S:}

J20°Zhe

=102

162

f00'L

T T T T
0.0 8.5

12.0 1L

5 1.0 10.5

3

.5

'H NMR (300 MHz, CDCls) of 3aj.

21



21000 29°9L+
21000 ¥0'LL—T
21000 922/

Jra447
rm.mw_./
19121
80°'8zL
8zogl
m.v.an_.w

[{:x443
c0lel
iriel
¢6°TSL—

§.99L—

100
f1 {(ppm}

13C NMR (75 MHz, CDCL5) of 3aj.

110

Br

0 180 180 17D 160 150

210

£10a0 924 |
L
an
6t L1
¥5°11
v5° 17
9511
1811
654
19°L7
19744

£9°1-
i

082’
161
1672
00'8
60°8
z1'8]
18]
18]
L8

W

r

ﬂ

0z'8
0c's

||'/| || |‘|

|/J || | \l

|

Br

601

loo's

0o

1.0 0.3

22

'"H NMR (300 MHz, CDCl;) of 3ak.

T T T T
11.0 10.5 10.0 835 9.0

1Z.0 115

5



21000 29°9.4
€100 vO'LLF
€1000 ¥ L2’

62°2Z1
Lregl
69'5Z1
15121
cl'lTl
SL'azL
EO'LELT
ah.rnr.\
_._..hn—ﬁ\
ww.hnr\'
ceorL
£6°751—

SP'o9lL—

Br

i

]

—=

)

T
100 g0

T
110

5
I}

{prm)

Il

13C NMR (75 MHz, CDCL;) of 3ak.

€10a2 82°L
%L
gL
(4
€5°L
5L
¥s°L
95°L
952
85°L
09°L
€9’
§9°L
§9°L
89°2L
oLl
68°L
26’2
£6°L
v6°L
16’2
86’
lo'g
+0'8
80’8
608

zZL'8
m_..u%
s1'8

LL1'8—

L'g
z1'8 —_—

Feor
Froe

— Lo0'L

T
10.0 9.

8.0

5

11.0 10.5

12.0 11.5

5

1z.

'"H NMR (300 MHz, CDCl;) of 3al.

23



£190D ¥9'9L
£1000 90°LL
€19a0 6 L2/

Tzl
aL'ezt
95'6TL
PG LTL
06°LZL
+0'82L
sL'eTl
Z6'6TL
aL'lel-r
aw.Nn_.\
vZ'sclL
89's¢el
L0°.¢L
6251 —

9E'L91L—

O
n
S
I
)

\>__

N
S

90

T T T T T T T T T
200 180 180 170 160 150 140 130 120 110

T
210

v

13C NMR (75 MHz, CDCL) of 3al.

re—

£1909 62°L]
9527
16
6521
65°L1
19°21
z9°L ]
921
927
8g 2
hm.?r
)
00°8-
00’8
zo's
zo'8
£0'8
£0°8
818
8L'8
618
6L'8
178
1z’

=00'¢

kLo
9670
8670

T
1.0

12.0 113

125

.0 9.3 8.0

10.5

'"H NMR (300 MHz, CDCl;) of 3am.

24



L — -
1
Le B
Le eeL W I
L mn._.w. — B rooe|
Lo 8e'L
b = L
8
Im |
b Zh— I
er'e
| =)
B . s'e - uiL -zl
m ey - Q02
] < 15
& L
e &
£1000 £2'927 o -
1009 9L'LL — L A
£10a 85°22” m 5 L
L8 @ L
e ©
SRR L
= e L
= = sioa0 621
) v 0s'L
J44iaN ) N~ 0s'L 2
82Tl - N~ eg 2\ _J
9Lz — s o 55°L — 2=
3L'8ZL n S Pl — - Fe0e
6595L— — - = ob'L . 660/
= 6L —_ - =660
_ |o @) 86°L Lo
IrTsL— o — == cL's
O=n=0 518 |
B
A g 0=0=0
9c'99L— =7 > — le L/ -
K z7wn I
]
g
g
L= |

0.0

1.0 0.5

25

'"H NMR (300 MHz, CDCl;) of 3an.

1.0 10.5 10.0 9.5

12.0 11.5



8Ll

Se'6F—

21009 29'9L
£1009 60° 2L
£1000 L5227

127281
mq.mn_.ﬂ
89°22L

S.mn_.w
1r9gL—

9L2TGL—

2e'59L—

O
I
S
I

N

\>_

S

13C NMR (75 MHz, CDCl;) of 3an.

.vm.n./

162
oo'e
19°¢

7

YA

98'e
s8¢

€10a2 82’4

85°L
85°L
09°L
33
£9°L
£9°L
§9°L
99°L
89°L
89°L

108

z0°8
£0's
vo's
0’8
oz's
0z's
3]
ez'e
ez'e

i

[

=90'¢

~§0°¢
~g0'C

FE0T
660
=001

T

T
110

12.0 11.5

r

.5

"H NMR (300 MHz, CDCl;) of 3ao.

26



18°12—

82’05~
LA

£1002 0294+
lela e RN A
21000 65227

LrzeL
Nm.mu_‘w
28 L2
szgzL’
LragL—

L9'ZsL—

¥0'59L—
oLolL—

100
f1 (ppm)

13C NMR (75 MHz, CDCL;) of 3ao.

2{‘?0 1‘50 léﬂ J}D 160 15'0

ZIIID

0z'L
LT
L2
Z7'L
£T'L
AR
§7'L
571
571
151
L§°L
z6'L
£5°L 1
e5'1
5L}
55°L]
95°L
151
OZH 98°L
87
987
187
mm.i
682
062
062
16T
£6'2
£100a9 62" L1
9511
9521
861+
6511
192
191
£9° L
¥9°L
99°21
9914
6621
00°8
z0'8
z0'g
£0'8]
zz'8
2z

:
[

—=

i

|

...N.i
v

n
S
I
@)

=20
=002

0oL

Lzoz
7660
=860

T
10.0 9.5

1.0 10.5

T

12.0 115

T

T

.5

'H NMR (300 MHz, CDCls) of 3ap.

27



oLre—

€100 zL'9l
€100 SL°LL-¢
€100 1572,

zezzL
EBN_‘M
29121
96121

89'9¢gL—

9L'eGL—

gZ'99L—

T
-10

T
180

T T
200 180

T
210

f1 {ppm)

13C NMR (75 MHz, CDCL;) of 3ap.

£Lzy
9Lz
0821
122
zee
ve'z
58z
8e°21
62

8924
LT
IR

eLe
SL'2
8Lz
[%: 41

I
—‘m..v#

184

£1009 8372,
95"
9521
85"
65°2
1927
1924
£9° 14
97 L
99°2
99°2
00'8"
10'8
20°8]
£0'8
0z'8]
0381
ze8]

ey
mm.ﬂ%

|

—

==

zz'8’

—_—

Fooz
heog
V661

960

Ev6'l
/560
2960

'H NMR (300 MHz, CDCl;) of 3aq.

28



u:
o 99°L1
[ 89°L
0LL
e L
b 18°L )
3 = £8'L
I 58°L
el — —% 98°L|
7z— 86°L e —
e 3 el —
s 702 _
£0°Z
le 502
102
0Lz
5] QN.N_
£z
572
R.N_ﬁ —_— -—==== EQ0'L
mui
72T
66'¢
10°%]
z0v]
0]
¥0'p |
s0v]
1071
Lov]
oLy
21900 67°Ly

um.h,___
E.L, ]

ot T - - 002"
i | . /160

oL I - =860

£9°21
$9°L
58351 — - I yo-2]
99°2
O=n=0 S 19°2]

SEPIL— L/ - | S.i
- )
. L 10'8

Zz7»n ] £0'8]
s S.i L/
] - v0'8 Z

0z'8
2

M3 12’8
£7'8
e £z’

v0'z
Wmo.m
Eyoz
v0'z

T
0

€100D LL8L

e|1oao eL il _”n V|J. |
€10a9 86°22” "

—
90
-

13C NMR (75 MHz, CDCL) of 3aq.

N
—
100

ze'zzL L
mq.mw_‘w -
19221 -
96°LZL =

08°9eL— -

?
S
I
@)

N
S

29

"H NMR (300 MHz, CDCl;) of 3ar.

0.0 9.5

T T T
1.5 11.0 10.5

12.0

12.5




£0°9%~
gLz’

62°e9—

€1002 £4°9L~
€100 SL°LL
€10a0 8g°2L”

¥E'ZTL
ﬁ.mn_.w
19221
96°231L

8L'98L—

L8251 —

£6°59L—

O
I
S
I
O

\>_

N
S

li.!lﬂ

170

ZEII{I IEIJU JSIU

Ziﬂ

"
4

fl

(ppai

13C NMR (75 MHz, CDCls) of 3ar.

ZT L
ST L
8711
82°L1
62°L
Nm._:w
£e L
gL
1871 ﬁ
85°'L
zo L
£9°L
99°L
29°L]
0L'L]
2._.*
68'L ﬂ
6L

1z

127

tr'e

e

ste ]

e

sve]

oS

15°¢

z5'e

£5°¢
£1000 82° 14
1614
hm.hk__
6571
0o
z9°L
Nm.h%
9L
591
29°L
29°L
1081
10°8
20'8 ]
zz'8
£z'8]
mn.i
92'8

Feoe
pvoe
10T
902

FLo'L

F£0Z
660
r00'L

12.5

10.0

1.0 10.5

12.0 11.5

'"H NMR (300 MHz, CDCl;) of 3as.

30



86°¥T
Nn.mNW
LL°SZ

ro'es—

£1000 02°9L
£10a0 gL' LL
gloao sgLL’

LezzL
E.mu_.w
19°23L
96121

86°9EL—

16°251L—

0591 —

90

y L— T
160 150 140

170

3
}

13C NMR (75 MHz, CDCl;) of 3as.

f1

Ly —

£1209 92°L
82’2
0’2
gL
ze'L
se'2
LE'2
9y L}
6’2
85°2
85'2
Loz
£9°2
g9'2
89'2
£6°L
962
52'8
1z8

e

=00

R 4
Fzre
=101
»§6°0

T
10.0 9.

11.0 10.5

5

12.0 11

"H NMR (300 MHz, CDCl;) of 3at.

31



2019 —

€100 ¥9°9.L~
£10a0 90'LLF
€102 6% LL7

L5521
ze'azl
02221
g0'szL
6821
hn.mn_.\
SLLEL
80°2€1L
15251 —

gLzl
Nn.NN_‘#

9L's9L—

T T T T T
200 180 180 170 160 150

T
210

A

13C NMR (75 MHz, CDCL5) of 3at.

£

Ge'T—~
L§'z—

€10ad 6171
TT'L
vl
8z'L
oe'L
el
or'L
vl
68°L~

6L
S6°L
86°L

+00°E
162

Fooe
‘00'L
86T

T T T
100

11.0 10.5

12.0 11.3

0o 0.5

9.5

.5

H

'"H NMR (300 MHz, CDCl;) of 3ba.

32



AT AN
8.1z

€120a2 995
€1009 L0°LLF
£10a2 ¥ 1LY

£62ZL
DTS
91221

66'8ZL]

f1 (ppm)

13C NMR (75 MHz, CDCL) of 3ba.

182~
8z

8L
T4
(143
vl

€10ad 92°L
9z'L

[y
33
0e°L
LA

J

,00€
“zoe

¥Z0E

001
46670
ooz

T
10.0

1.0 10.5

120 11.5

8.0

9.5

2.5

'"H NMR (300 MHz, CDCl;) of 3bb.

33



£5°Le
hh.rﬂu.v

€100 £L794~
E100D SL°LL-F
€100 15127

99'LZ1,
LL'SZL
6831~
69621

0Z°0EL
LOovEL
¥9'SEL

88'l¢cl
88'svl
_.n.mm_.\.

Ly'loL—

13C NMR (75 MHz, CDCl;) of 3bb.

L
YT

£1000 &Ly
e LN
9L
oLt~
861~
10’8
¥0'8

00
“eog

~p0E
=00}
#E0°E

1.0 10.5 10.0 8.3 9.0

12.0 11.5

5

b

"H NMR (300 MHz, CDCl;) of 3bec.

34



u ‘
T
Le
=
LT ks
1812 3 L=
- LT
s wry — - =006
522 r
s
L2
I3
g % |
G
e
£1000 LL'9LA © r
e10do vL'LL ..._u e — \aﬂ
£1000 95227 e O r
le a L
L QO
3 E & N i
ﬂ W
L= r
9s'Lzl ~ ﬁ €190 612y Lo
LE¥EL — s — LTl - — 20T
1E8ZL 1 e 0gs LOTLEY
eL'EZL e L2 L9'L~ — - o -
bl - - — - 00}
0z'ogl R = 28’/ - = ol
og'seLf == | lo Z. £6°2 00Z[ =
8z Lel - &) 96,
85°8€L —3 - = r
sa'stl I L2 @
sotst’ b -
]
- O=n=0
LeegL— O=»n=0 —3 M L/ I
— 2 -
L/ 1 zZ (7]
Z (7] =]
5
lm L
=
1 i §

35

'"H NMR (300 MHz, CDCl;) of 3bd.
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