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1. General procedure for the preparation of compounds 1:

Br
o]
9 9 R11LR2
Br—@—S—CI + NHyNHyH,0 —— Br—@—S—NH ——— > 0=$=0
o 0 °C, THF 8 NH, MeOH,80°C _NH
N
M

Hydrazine hydrate (12.5 mmol) was added dropwise to a solution of sulfonyl chloride (5.0 mmol) in dry
THF (25.0 mL) at 0 °C under N». After vigorous stirring for 30 min at 0 °C, ethyl acetate (60.0 mL) was
added, and the mixture was washed repeatedly with ice-cold 10% aqueous sodium chloride solution (3
% 20.0 mL). The organic layer was dried over sodium sulfate, filtered, and concentrated under reduced
pressure. Sulfonyl hydrazide was obtained and used for the next step without further purification. To a
rapidly stirred suspension of sulfonyl hydrazides (1 eq) in dry methanol (2 mL/mmol) at 80 °C, the
ketone (1 eq) was added dropwise. Within 2 - 12 hours, the N-sulfonyl hydrazones began to precipitate.
The mixture was cooled to 0 °C, and the product was collected on a Biichner funnel, washed with
petroleum ether, then was dried in vacuo to afford the pure product.
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4-bromo-N'-(diphenylmethylene)benzenesulfonohydrazide (1a)! White solid (1.85g, 89%); mp 215 — 218 °C;
IR (film, cm™): 3194, 1574, 1445, 1389, 1375, 1349, 1317, 1172, 1092, 1067, 1053, 1026, 1009; *H NMR (300
MHz, CDCls) & (ppm): 7.87 — 7.83 (m, 2H), 7.71 — 7.69 (m, 2H), 7.58 (bs, 1H), 7.55 — 7.49 (m, 3H), 7.47 — 7.43
(m, 2H), 7.39 — 7.26 (m, 3H), 7.16 — 7.13 (m, 2H); *C NMR (75 MHz, CDCls) 5 (ppm): 155.0, 137.7, 136.4,

132.5, 131.1, 130.4, 130.2, 130.0, 129.6, 128.5, 128.44, 128.37, 127.7, HRMS (ESI) m/zz (M + Na)"
Ci9H15BrN2NaO;S caled. 438.9915, found 438.9910.
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4-bromo-N'-((4-methoxyphenyl)(phenyl)methylene)benzenesulfonohydrazide (1b) White solid (1.62g, 73%);
mp 131133 °C; IR (film, ecm™): 3185, 1606, 1573, 1509, 1457, 1445, 1374, 1349, 1317, 1300, 1251, 1171, 1054,
1029, 1010; '"H NMR (300 MHz, CDCls) & (ppm): 7.86 — 7.82 (m, 2H), 7.69 — 7.66 (m, 2.5H), 7.52 — 7.26 (m,
3.3H), 7.13 — 7.01 (m, 3.3H), 6.88-6.80 (m, 0.7H), 3.87 — 3.80 (m, 3H); *C NMR (75 MHz, CDCl;) & (ppm):
161.2, 160.8, 154.9, 154.8, 137.6, 136.7, 132.3, 130.1, 130.0, 129.9, 129.8, 129.4, 129.1, 128.9, 128.3, 128.2,
128.2, 127.7, 122.1, 115.2, 113.7, 55.4, 55.3; HRMS (ESI) m/z: (M + Na)* C20H;7BrN2NaOsS calcd. 469.0020,
found 469.0019.

Br

4-bromo-N’-(phenyl(p-tolyl)methylene)benzenesulfonohydrazide (1c) White solid (1.89g, 88%); mp 184 —
188 °C; IR (film, cm™): 3191, 1573, 1371, 1345, 1315, 1297, 1171, 1091, 1066, 1051, 1009; *H NMR (300 MHz,
CDCls) 8§ (ppm): 7.87 — 7.82 (m, 2H), 7.70 — 7.67 (m, 2H), 7.61 (s, 1H), 7.53 — 7.43 (m, 2H), 7.38 — 7.26 (m, 5H),
7.13-7.01 (m, 2H), 2.44 — 2.34 (m, 3H); 3C NMR (75 MHz, CDCls) & (ppm): 155.1, 140.4, 137.6, 136.4, 132.3,
130.5, 130.0, 129.4, 128.2, 128.2, 127.8, 127.6, 21.4; HRMS (ESI) m/z: (M + Na)" C20H;7BrN>NaO-S calcd.
453.0071, found 453.0069.



4-bromo-N'-((4-cyanophenyl)(phenyl)methylene)benzenesulfonohydrazide (1d) Light yellow solid (1.92g,
87%); mp 188 — 192 °C; IR (film, cm™): 3125, 2234, 1573, 1405, 1351, 1318, 1279, 1162, 1113, 1092, 1068,
1054, 1025, 1011; *H NMR (300 MHz, CDCls) & (ppm): 7.85 — 7.80 (m, 3H), 7.72 — 7.68 (m, 2H), 7.60 — 7.52 (m,
7H), 7.15 — 7.12 (m, 2H); **C NMR (75 MHz, CDCls) § (ppm): 152.5, 140.4, 137.4, 132.6, 132.2, 130.9, 130.3,

130.0, 129.5, 128.9, 128.2, 128.0, 118.5, 113.4; HRMS (ESI) m/z: (M + H)" C20H;5BrN30,S calcd. 442.0048,
found 442.0042.
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N'-(bis(4-fluorophenyl)methylene)-4-bromobenzenesulfonohydrazide (1e) White solid (1.85g, 82%); mp 187
—191 °C; IR (film, em™): 3203, 1600, 1573, 1505, 1381, 1346, 1310, 1225, 1173, 1155, 1090, 1066, 1050, 1009;
'H NMR (300 MHz, CDCl3) & (ppm): 7.85 — 7.81 (m, 2H), 7.71 — 7.68 (m, 2H), 7.59 (bs, 1H), 7.42 — 7.37 (m,
2H), 7.26 — 7.13 (m, 4H), 7.03 — 6.96 (m, 2H); 1*C NMR (75 MHz, CDCls) & (ppm): 164.1 (d, J = 251.4 Hz),
163.7 (d, J = 251.8 Hz), 152.9, 137.5, 132.5, 130.6 (d, J = 8.4 Hz), 129.7, 129.6, 128.7, 126.8 (d, J = 3.4 Hz),
117.3 (d, J=21.7 Hz), 115.6 (d, J = 21.9 Hz) ; ’F NMR (188 MHz, CDCl3) 8 (ppm): -108.68, -110.04; HRMS
(ESI) m/z: (M + Na)" C19H13BrF2N,NaOsS calcd. 474.9726, found 474.9726.

4-bromo-N'-((4-chlorophenyl)(phenyl)methylene)benzenesulfonohydrazide (1f) White solid (1.87g, 83%);
mp 154 — 158 °C; IR (film, cm™): 3183, 1650, 1575, 1486, 1444, 1389, 1347, 1316, 1279, 1171, 1089, 1068, 1051,
1010; 'H NMR (300 MHz, CDCls) & (ppm): 7.80 — 7.74 (m, 2H), 7.64 - 7.60 (m, 2H), 7.53 (s, 1H), 7.48 — 7.43
(m, 3H), 7.36 — 7.26 (m, 2H), 7.24 — 7.18 (m, 2H), 7.07 — 7.03 (m, 2H); *C NMR (75 MHz, CDCl3) & (ppm):
153.7, 137.6, 136.4, 136.1, 134.9, 132.5, 130.7, 130.6, 130.4, 130.3, 130.1, 130.0, 129.6, 129.5, 128.9, 128.7,
128.5, 128.3, 127.7; HRMS (ESI) m/z: (M + Na)" C19H4BrCIN,NaO,S caled. 472.9525, found 472.9516.



Br

4-bromo-N"-((4-fluorophenyl)(phenyl)methylene)benzenesulfonohydrazide (1g) White solid (1.86g, 86%);
mp 203 — 208 °C; IR (film, em™): 3210, 1573, 1505, 1380, 1347, 1318, 1230, 1170, 1066, 1051, 1008; 'H NMR
(300 MHz, CDCl3) 8 (ppm): 7.87 — 7.82 (m, 2H), 7.73 — 7.66 (m, 2H), 7.58 (s, 1H), 7.56 — 7.50 (m, 1H), 7.46 —
7.10 (m, 5H), 7.04 — 6.93 (m, 1H); 3C NMR (75 MHz, CDCl;) & (ppm): 164.1 (d, J=251.2 Hz), 163.6 (d, J =
251.6 Hz), 153.94, 137.6 (d, /= 5.1 Hz), 136.31, 132.51, 130.76, 130.65, 130.51, 130.34, 130.07, 129.73, 129.61,
129.56, 128.50, 128.29, 127.70, 117.2 (d, J = 25.0 Hz), 115.51 (d, J = 21.8 Hz); ’F NMR (188 MHz, CDCl;) 5 -
109.05, -110.32 ; HRMS (ESI) m/z: (M + H)* C1oH;5sBrFN>O,S caled. 435.0001, found 434.9999.

Br

4-bromo-N'-(phenyl(pyridin-3-yl)methylene)benzenesulfonohydrazide (1h) White solid (708mg, 34%); mp
167 — 172 °C; IR (film, cm™): 1591, 1574, 1469, 1440, 1414, 1388, 1346, 1331, 1282, 1157, 1092, 1050, 1027,
1010; 'H NMR (300 MHz, DMSO-ds) & (ppm): 10.85 (bs, 1H), 8.71 (d, J = 3.9 Hz, 1H), 8.43 (s, 1H), 7.90 — 7.83
(m, 4H), 7.69 (dt, J; = 1.7 Hz, J, = 7.8, 1H), 7.56 (dd, J1 = 4.9 Hz, J, = 7.7 Hz, 1H), 7.43 — 7.27 (m, 2H); *C NMR
(75 MHz, DMSO) 6 (ppm): 152.2, 150.2, 149.0, 138.2, 136.7, 136.6, 132.2, 129.9, 129.6, 128.7, 128.5, 127.1,
127.0, 123.9; HRMS (ESI) m/z: (M + H)* C13H;sBrN3;O:S caled. 418.0048, found 418.0043

Br



3-bromo-N'-(diphenylmethylene)benzenesulfonohydrazide (1i) White solid (1.76g, 85%); mp 134 — 137 °C;
IR (film, cm™): 3191, 1444, 1394, 1346, 1321, 1162, 1116, 1062, 1032; *H NMR (300 MHz, CDCl:) & (ppm):
8.15 (t, J = 1.8 Hz, 1H), 7.92 (dt, J; = 1.1 Hz, J» =7.9 Hz, 1H), 7.74 (ddd, J; = 1.0 Hz, J, =1.9 Hz, J; = 8.0 Hz,
1H), 7.60 (s, 1H), 7.56 — 7.52 (m, 3H), 7.47 — 7.43 (m, 3H), 7.36 — 7.28 (m, 3H), 7.19 — 7.13 (m, 2H); *C NMR
(75 MHz, CDCls) 6 (ppm): 155.2, 140.4, 136.4, 131.0, 130.7, 130.4, 130.2, 130.0, 128.4, 128.4, 127.8, 126.6,
123.1; HRMS (ESI) m/z: (M + H)" C10H6BrN,O,S caled. 417.0095, found 417.0098.

2-bromo-N'-(diphenylmethylene)benzenesulfonohydrazide (1j) Yellow solid (1.80g, 87%); mp 94 — 99 °C; IR
(film, ecm™): 1576, 1447, 1379, 1345, 1320, 1306, 1169, 1127, 1104, 1058, 1026; *H NMR (300 MHz, CDCl;) §
(ppm): 8.39 (dd, J; = 1.8 Hz, J, =7.9 Hz, 1H), 8.19 (bs, 1H), 7.72 (dd, J, = 1.3 Hz, J, =7.9 Hz, 1H), 7.63 — 7.54
(m, 4H), 7.47 (td, J; = 1.8 Hz, J, =7.7 Hz, 1H), 7.35 — 7.23 (m, 7H); *C NMR (75 MHz, CDCl3) & (ppm): 155.2,
137.8,136.3, 135.0, 134.4, 133.2, 131.1, 130.3, 130.1, 129.7, 128.7, 128.3, 128.1, 127.7, 119.7; HRMS (ESI) m/z:
(M + Na)" C19H;sBrN2NaO,S calcd. 438.9915, found 438.9913.

Br

4-bromo-N"-(3,4-dihydronaphthalen-1(2H)-ylidene)benzenesulfonohydrazide (1k) White solid (1.59g, 84%);
mp 178 — 181 °C; IR (film, em™): 3200, 1570, 1468, 1389, 1338, 1315, 1279, 1167, 1078, 1065, 1050, 1006; 'H
NMR (300 MHz, CDCl;) 6 (ppm): 7.96 (dd, J; = 1.3 Hz, J>= 7.7 Hz, 1H), 7.91 (dt, J; = 2.3 Hz, J>=9.1 Hz, 2H),
7.69 — 7.65 (m, 2H),7.27 — 7.18 (m, 2H), 7.10 (d, J = 7.1 Hz, 1H), 2.75 — 2.71 (m, 2H), 2.48 (t, J = 6.6 Hz, 2H),
1.90 (p, J = 6.6 Hz, 2H); 3C NMR (75 MHz, CDCI3) & (ppm): 140.0, 137.6, 132.4, 131.4, 130.0, 129.8, 128.6,
126.7, 125.1, 123.2, 29.4, 25.6, 21.5; HRMS (ESI) m/z: (M + Na)* Ci6HisBrN2NaO,S calcd. 402.9915, found
402.9914.



Br

4-bromo-N'-(1-phenylethylidene)benzenesulfonohydrazide (11)> White solid (1.46g, 83%); mp 171 — 175 °C;
IR (film, em™): 3213, 1576, 1409, 1389, 1342, 1303, 1168, 1086, 1069, 1049, 1011; *H NMR (300 MHz, CDCls)
& (ppm): 7.98 — 7.78 (m, 3H), 7.68 — 7.54 (m, 4H), 7.49 — 7.32 (m, 3H), 2.21 — 2.18 (m, 3H); 3C NMR (75 MHz,
CDCls) & (ppm): 153.5, 137.5, 137.2, 132.4, 130.0, 129.8, 128.6, 126.4, 13.6; HRMS (ESI) m/z: (M + Na)*
Ci4sH13BrN;NaOsS caled. 376.9758, found 376.9755.

Br

N'-benzylidene-4-bromobenzenesulfonohydrazide (1m)3 White solid (1.30g, 77%); mp 159 — 161 °C; IR (film,
cm): 3177, 1573, 1420, 1389, 1359, 1327, 1309, 1225, 1173, 1091, 1067, 1042, 1010; 'H NMR (300 MHz,
CDCl3) 6 (ppm): 8.13 (bs, 1H), 7.88 — 7.84 (m, 2H), 7.78 (s, 1H), 7.68 — 7.63 (m, 2H), 7.58 — 7.55 (m, 2H), 7.339
—7.32 (m, 3H); *C NMR (75 MHz, CDCl;) § (ppm): 148.7,137.4, 133.0, 132.5, 130.9, 129.6, 128.9, 128.7, 127.6;
HRMS (ESI) m/z: (M + Na)* Ci3H;1BrN2NaO,S calcd. 362.9602, found 362.9600.

Br

4-bromo-N'-(3,3-dimethylbutan-2-ylidene)benzenesulfonohydrazide (1n) White solid (1.27g, 76%); mp 179
— 182 °C; IR (film, em™): 3218, 1574, 1468, 1389, 1341, 1234, 1172, 1125, 1090, 1069, 1040, 1003; *H NMR
(300 MHz, CDCls) & (ppm): 7.85 — 7.81 (m, 2H), 7.66 — 7.62 (m, 2H), 1.74 (s, 3H), 1.03 (s, 9H); 3C NMR (75



MHz, CDCls) & (ppm): 164.8, 137.4, 132.1, 129.9, 128.3, 39.0, 27.6, 12.0; HRMS (ESI) m/z: (M + Na)"
C12H17BrN>;NaO,S caled. 357.0071, found 357.0068.
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N’-(1,2-bis(4-methoxyphenyl)ethylidene)-4-bromobenzenesulfonohydrazide (10) Yellow solid (1.74g, 71%);
mp 142 — 145 °C; IR (film, em™): 3201, 1610, 1576, 1510, 1470, 1397, 1363, 1318, 1298, 1260, 1244, 1178, 1167,
1067, 1030, 1002; *H NMR (300 MHz, CDCl3) & (ppm): 7.76 — 7.56 (m, 6H), 6.90 — 6.80 (m, 4H), 6.72 (d, J =
8.7 Hz, 2H), 3.91 (s, 1.4H), 3.81 (s, 2.2H), 3.78 (s, 2.6H), 3.77 (s, 1.3H), 3.67 (s, 0.5H) ; *C NMR (75 MHz,
CDCls) 6 (ppm): 161.3, 159.0, 154.7, 137.4, 132.4, 132.2, 131.1, 130.5, 130.2, 129.8, 129.6, 128.9, 128.6, 128.3,
128.2, 125.3, 115.0, 114.1, 114.0, 55.5, 55.4, 55.3, 445, 44.0, 32.6; HRMS (ESI) m/z. (M + Na)"
CxH1BrN;NaO4S caled. 513.0283, found 513.0279.

Br

Br

(E)-4-bromo-N"-(4-bromobenzylidene)benzenesulfonohydrazide (1p) White solid (mg, 87%); mp 213 - 214 °C;
Rs= 0.3 (cyclohexane/ethyl acetate 8/2); IR (film, cm™): 3176, 1572, 1466, 1362, 1334, 1278, 1169, 1088, 1063,
1005; 'H NMR (300 MHz, DMSO-ds) & (ppm): 11.72 (s, 1H), 7.91 (s, 1H), 7.83 — 7.78 (m, 4H), 7.59 (d, J = 8.5
Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H); 3C NMR (75 MHz, DMSO-de) & (ppm): 146.5, 138.1, 132.8, 132.4, 131.8,
129.2,128.7, 127.1, 123.5; HRMS (ESI) m/z: (M + H)" C13H1Br2N2O:S calcd. 418.8888, found 418.8882.



2. General procedure for the first step:

Br

Br

0=$=0  cCul (10 mol%), K,CO; 2.0 eq
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50 mg 4AMS, dioxane

guu "t UC

A 10 mL sealed tube with a magnetic stir bar charged with sulfonylhydrazones (0.3 mmol, 1 equiv), Cul
(5.7 mg, 0.1 equiv), K»COs (83 mg, 2 equiv), 50 mg 4A MS, and the mixture was put under argon
atmosphere for five minutes, and then dioxane (2 mL) was added. The reaction vessel was placed in a
preheated oil bath at 110 °C and then stirring at this temperature for 2 h. After the total consumption of
the starting material (TLC), the reaction mixture was then allowed to cool to ambient temperature. The
crude was purified by column chromatography flash on silica gel using cyclohexane and ethyl acetate

(8/2) as the eluent to afford the desired product.

(((4-bromophenyl)sulfonyl)methylene)dibenzene (2a) White solid (108 mg, 93%); mp 172 — 173 °C; Rr= 0.3
(cyclohexane/ethyl acetate 7/3); 'H NMR (400 MHz, CDCls) § (ppm): 7.55 - 7.45 (m, 8H), 7.35 - 7.31 (m, 6H),
5.28 (s, 1H); 3C NMR (101 MHz, CDCls) & (ppm): 137.5, 132.8, 132.1, 130.7, 130.1, 129.1, 129.0, 128.9, 76.7,
HRMS (ESI) m/z: (M + Na)” C19H15sBrNaO,S calcd. 408.9874, found 408.9878.

3. General procedure for the second step:

OMe
! e
HN

Cul (10 mol %),

0=S=0 + NH2  Jigand (10 mol %)
- 0=s=0
MeO 2.0 eq. K;P0, DEG (2 mL)
100 °C, overnight O O

(((4-bromophenyl)sulfonyl)methylene)dibenzene (0.3 mmol, 1.0 eq.), corresponding amine (1.2 eq),



Cul (5.7 mg, 0.1 equiv), ligand (0.1 eq), K3PO4 (127 mg, 2.0 eq) were mixed under argon atmosphere
for five minutes, and 2 mL of solvent was added to the mixture. The reaction vessel was placed in a
preheated oil bath and then stirring at this temperature overnight. After the total consumption of the
starting material (TLC), the reaction mixture was then allowed to cool to ambient temperature and then
extracted with MeOH/DCM (V/V 1/9). The organic layer was combined and dried over MgSQOs. The
crude was purified by column chromatography flash on silica gel using cyclohexane and ethyl acetate

(7/3) as eluent to afford the desired product.



4. TH, 3C and "F spectrum:



Starting materials

0=5=0
]
SMH
i
1a
T T T T T T T T T T
1.0 10.5 10.0 9.5 9.0 6.5 6.0 5.5 5.0 5 1.0
£1 (ppm)
Br ki
1a
o " A (-~ A " Y W
Yy i g ] A W w-” At \ AR A il | Y W
T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60



- 3.87
as0

/

MeQ

e A ey N Ay

A en g

L A, 1 ] “- l— Y ] Lo\ W) l " W Ah

T T T T T T T
180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10
f1 (ppm)



1e [

10.5  10.0 9.5 9.0 8.5 8.0 7.5 7.0 .5 5.5 5. 4. 4. 5 1. 0.
1 (ppm)
Br
O=$:O
JMH
NI
Me l l
1c
T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 10 30 20 10

(ppm)



2.49

—118.49

— 113,42

T
180

T
170

T
160

T
1



O=SI=O
JNH
[
fome!
PORSY
" f
I r it
€888=8
T T T T T T T T
10.5  10.0 9.5 9.0 8.5 8.0 7.5 7.0 5 5.0 5.5 5.0 3. 3. .0 .5
1 (ppm)
S\ NV
Br
0=5=0
JMH
M
0
F 1e F
1l
T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 10 30 20 10
1 (ppm)



T
-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

T
-80

T
-90

T
-100

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

0
f1 (ppm)

0=5=0

- MH

I
cl ‘ i

1" /

(|
P

T T T T T T T T T T T T T T T
11. 10.5 10. 0 9. 7. 7. 6. 6. 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.5 .0 . 5

1 (ppm)



0=5=0
JMH
i
cl
i
ke yo—— PIRTRTIY Ry N
v PO sl AN ol
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
1 (ppm)
Br
O=SI=O
JhH
NI
OO
19 // /
J
T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 9.5 9.0 8.5 6.5 6.0 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.0 0, 0.




91

Br

153

O=SI=O
N.NH
. O O
19
il
il
i
1" Lol v i sl ¥ h A % Aalh h v‘u
LI L
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 [
f1 (ppm)
gr B
\/
_Q:o
u
-
|
. O O
19
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

f1 (ppm)



10.85

Br
O:§:O
NJNH
|
.

5.72
8.71

<

1 A
g g &
T T T T T T T T T
13.0 12.5 120 1.5 11.0 10.5 10.0 9.5 9.0 .5 8.0 .5 6. 6.0 4. 1.0 3. .5 1.0
f1 (ppm)
i Y NN
O:§:O
NJNH
I
B
I =
[
1h
|
|
ot " } ol v - - \
T T T T T T T T T T T T T
180 170 160 15 140 130 120 110 100 90 80 70 60 50 10 30 20 10
1 (ppm)



8.5 8.0 7.5 7.0 6.5 6.0 5.5
1 (ppm)

: :
& |1 N
OZSIZO
SMH

Ll
[ | P

1

W | v [

180 170 160 140 130 120 110 100 90



L

[/

Fsot
Z60°T
F60t
20T

Foot
00T

0.0

0.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15
f1 (ppm)

11.5

12.0

ez
L0821
0€'821
02821
€621
010ET 72
SE0ET \
L0TET \
8TEeT
bhbET
20'seT
£6°9€T
T8°LET

ST'SST —

110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

120

180 170 160 150 140 130

190

200



Y,

Br
O:S‘ZO
LMNH
@5
1k
.» H
1
|
7
EREE]
T T T T T T T T T T T T T T T T T T T T T T
Lo 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.0 2.5 2.0 1.5 1.0 0.5 0.¢
1 (ppm)
28 3 2 N
Br g5 gzgdss $ 8
O=$—O
NH
@5
1k
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
1 (ppm)



O:SIZO
JMH
il
1
I J_.
1.0 10. 5 10. 0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C
f1 (ppm)
2
Br n
1l
N W st Aty g
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0



=5=0
JMH
I
m
|
|
T T T T T T T T T T
10.5 10,0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 1.0 3.5 3.0 2.5 2.0 1.0 0.
8
g
m
ol M " e e A M ™ vy " et A o Al my o Wb i ety el M T A R " Juhl Y
WAy Ll i A L L r‘”l” AP Yyl Y b L) Wi A b e UL L L L
T T T T T T T T T T T T T T T T T T T
180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0



103

11.95

4
T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5
f1 (ppm)
o © wowo
2 e 388 =z i
Br b4 5 828 a ~
B o a9y a N

190 180 170 160 150 140 130 120 110 100
f1 (ppm)




6 5 1 3 2 1
f1 (ppm)
aoCTONCORLONNOON BAND
NeRynaon-Rngcadmn a=g ue e 2
COSNNN-SSS QAT BRD I T T S¥m ha o
CARRAARERARAREREL 3T www T N
8 i fu s R fa a Rafa g Je i RRR  ¥Q &
r S A
NCE PO NIV
|
ol " ol o, Nt I Motk NPT YT A
A i h

] ST —

T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)



1p

SL'S—

0S°Z
€57,
8G°L
19 _
8L L~
18, —
[4: 4
S8°L
16°L

U — I

Br

0°C
6°
[
0°L

-

0.0

0.5

45 40 35 30 25 20 15 1.0

5.0

55

6.0

11.5 10.5 95 9.0 85 75 70 65
f1 (ppm)

12,5

13.5

1p

0s°€zT
80°221 3\
E.wu/
81621 V
T8TET~
0v'2El
oreer/
ET'8ET —

LY 9PT —

Br

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



87 — —

9L
1€
[
e
vE'L
vE'L
vE'L
SE°L
Sb'L
3.“%
R
LyL
8v'L ] .
6v°L

6v°2
052
1574
152 ]
€57
€5
b5t ]
b5
ss

£60'9
Fois

0.0

75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05
f1 (ppm)

8.0

10.5 10.0 9.5 9.0 8.5

11.0

TL9L—

¥6'8CT
L6821
00°62T

OT'0ET ~=
99°0£T <
L0°T€T \
9L'TET

TS5 LET —

Q=5=0

2a

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



Final product

vLe—

08's —

S5'8 —

Ohe

J
By

Feoe

F o NN~

Y

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

11.5

TTss —

SLEL—

orTTIT —
99PIT —

Tret
b0'STT W
50'82T

7€'87T ~\
10671 —
vroer
9TEET
e

TT°0ST —

0S'SST —

Ohle

T T T T T T T T T
170 160 150 140 130 120 110 100 90
f1 (ppm)

T
180




O=2=0

881

5D S
|
T TIY 527 g S
o SencseS = S =
= Fard= == = =
T T T T T T T T T T T T T
11.0 10. 5 10. 0 .5 9.0 8. 8.0 7.5 7.0 6.5 6.0 5.5 .0 .5 3. 3. 2.5 .0 0.0
1 (ppm)
2 « - cs oo
HN@ME
0=5=0
5b
|
|
|
LL l
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 4 3 2

£1 (ppm)



3.77

70

73.

55.35

g z
g 5
T T T T T T T T T T T T T
1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
1 (ppm)
I I Nlewez= N
HN
Ohe
0=5=0
5c
| |
| l
T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80

£1 (ppm)



8.79

584

72

3,

29

— 148

11419

73.70

50

T
130

T
120

T
110

T
100

T
90
£1 (ppm)




2020-06-19.40.fid
KNZ685 1H DMSO
PROTON DMSO E:\\ chit 39

5.83
it
3.33

o=g=0 J /// J

T
3
H
T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 9.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0. 0.0
1 (ppm)
Hr :
O=5=0
Se
|
|
|
A i Al iy l " L_. I I FUVTPa 1) A Mk b M.‘A-J vy " Ay
Loy Vet ot halea T T4 " Y \l u Ll A L AL W
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0



0S'c—

€8'S —

109~
6097

8TL
€L /
L~

veL
e \
ove
8vL
5
€5
st
65
vLL
we
6L

S6°L
16'L
888

0=5=0

5

L

e
PoTT

M\nm.c

0.C

0.5

115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

12.0

0L'eL—

6TETT —
18'6TT

8Lzt /
wyen
99°'s¢T
[4:5-141

00°9z1
62921~

|
Mrthherdhhinr ik J‘ o Ik, " IR T Aol "

Wiy

A

MR

18°0ST —

oy

P

v

v

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170



S

5.76

s T T T
o 2 A s s
H £ g g
s ¢ 5 N =
T T T T T T T T T T T T T T T T T T
11.0 10. 5 10. 0 9. .5 8.0 7.5 7.0 6. 5. 0 5.5 5.0 1 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
: Ph z = Hd
HH
0=5=0
59
| 1l
|
U N e,
[ ' ‘ |
T T T T T T T T T T T T T T T T
180 170 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10



8.93

e
g
T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
2 °
/@/O ISV
HM
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10

£1 (ppm)



5.81

159,43

149. 09

15626

A
g
T T T T T T T T T T T T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
T T T T T T T T T T
100 90 80 70 60 50 40 30 20 10

T
180 170 160



-120. 10

1

T
100
(ppm)

110

120

T
130

T
160

T
170

180

T
190



8.69

583
5.81

5 i /il s j

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
11.0 10. 5 10. 0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
/@:C’ME NV Y NN e NP I

HH F
0=8=0

5

[l
el .

T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)



T
100
(ppm)

T
110

T
160

T
170

T
180

T
190

T
200



8.87
5¢
5.86

Ly

F )
@ S —
HM cl

g

T
1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.
1 (ppm)

QEF=0
5k
{
|
i
A " " . [Psp— L Py 'y " A ol A\
v r r y ! Wiyl W !
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

£1 (ppm)



1

100
(ppm)

T
110

T
180

T
190



9.28

[ ;

T T T T T T T T T
11. 10. & 10. 9.5 9. 8. 8.0 7.5 7.0 6.5 6.0 5.5 .0 .0 1.5 .0 5
1 (ppm)
|
|
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0

£1 (ppm)



65— ~

€TL
9T'L
6T°L
we
N _
s~ T T———
050 — —
et I
85,
092
89
L YAVA

PE6— f

M

HM
0=5=0
5m

|

3.5

Wum.o

0.0

0.5

2.0 1.5

2.5

3.0

115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 4.0
f1 (ppm)

12.0

SEeL—

€0°20T —

SEITT~L
rar
611"
o0z'ser
Tv'82T /
Tr6er —
os'6eT \
TH0ET
78334
£6'€€T

TSHT~
TropT <

CH

HM
0=5=0

5m

i

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



8.43
5.78

o
HR

=:= J // S

08

T T
9.5 9.0 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm
T T T T T T T T T T T T T T T T T T T T T
165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65

£1 (ppm)



vS'T

16T
00°€ W

S.MW

v0'E

€LS—

9’9
69 W
%59

59 \
959

€L
9L
8L

0€'L
€L
vEL
SEL

vS'L
vS'L
98°L
LS'L

Fere

Feoz
Fsoe

Fo0'T

0°C
0'T

Wmi
19

FETY

0.0

0.5

1.0

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

11.0

Yo 81—

veor —

1€ 601 —

JMOD DMSO E:\\ chit 33

2020-12-11.90.fid
knz884 dmso 13¢

110

170

£1 (ppm)



5.5 5.0 4
1 (ppm)

HN’\© LN\
O=5=0
sp
I
i
| V ! ' e
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10

£1 (ppm)



6.54

6.51

~6.43
3.1
<

o VANV EANY

I f/

I 4 d SN T
=8 £ g & &
T T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

0 B g 5 z
N |
Hy ™
0=5=0
5
I I
] JJL 1' l l
0 T T T T T T T T T T T T T T T T T T T
90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)



bO'T
S;W
80T

x4
EAV

el
cm.m\

STS—

/\NA"

0=g=0

5

Feos

TQ¢

Foor

Feer

T;
Tc.v F

5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

5.5

9.5

10.0

€071 —

08 gL —

28601 —

T
O=5=0

5r

110

140

T
50

1

T
160

£1 (ppm)



NN

o —

V.

Freor

T

Foot

1 (ppm)

59—

€L'89 —

seL—

89711 —

18'STT~_
STBZI~

cever

18°€ST —

T
100
f1 (ppm)

T
110

T
170

T
180




&

0=5=0

5t

|

4162

51

112.

£1 (ppm)

5.5 5.

4

A

180

170

160

T
100

T
90
£1 (ppm)



[ i v

J ad ds 4
5 585 338 g 35
T T T T T T T T T T T T T T T T T T T T T T T T
1.5 1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 Lo 0.5 0.0
1 (ppm)
0=5=0
Med l l
5u 1 |
|
|
|
I ] Y ” w .
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)



2

& [EaEEE St s & = S
oMe =SS\
AT
0=g=0
i,
e J // // [ / S
) T )
T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10. 5 10. 0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 .5 1. 5 0.0
1 (ppm)
/@zo""e I I [
HKM
0=5=0
(T2 |
e |
Bv
h W A ‘ 1 [ ”‘4‘ W o Vet " [ i~
T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 20 10

£1 (ppm)



8.61

r

(=)

4

6.02

J

— 15010

by
YR

T
100

3,06

A e sty AV
. Ll



<

ERSVRNPPEREEEES

<

Ome

1 (ppm)

St

110

120

140

150

T
160

£1 (ppm)



HM

0=8=0

5%

T
100
(ppm)

110

120

T
130

140

T
180

T
190

T
200



TR

I

FRFREFFS g g
.5 11.0 10. 5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
Me £ EE
Lo e 1
HM
Q=5=0

180

T
170

T
160

T
120 110 100 90 80 70 60 50 10 30 20 10



2 EEETS ] £
% o ] w
/@/OME Ny
HRN
0=5=0
Cr L
. / f
|
|
|
|
|
1
|
Il
A
T T
& g ]
T T T T T T T T T T T T T T T T T T T
1o 10 0 9. 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1o
1 (ppm)
I \ %
HN
Q=5=0
2,
5z
|
|
o
. W N e W fmad ” " A I Makra¥ Wt gt
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10



-113.85

0 -10

T
-20

T
-30

\
-40

T
-50

T
-60

T
-70

T
-80

T
-90

T
-100
f1 (ppm)

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200



vLE—

S6's —
219
08'9
69
S6'9
0L
or's
L
bEL
gL
8L~
ov'L
WL A
85, \
09°L
P08~
08"

058~
158
v98 ="

OMe

Feoe

WS.N
10T
Feoz
Froo
Feoz
ot

ot

Fost

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

11.0

611L—

SSSSNWY A

=
%
=
&
&
&
=
&

ﬁ

110

150

(ppm)

f1



SL'E—

10

w0 W.
w0

b2
s0'¢

Cra
8z
oee
ge
be'L ]
SeL ]
€70
8c°
scs ]
ovs ]
852
65 ]
1921
197
orgd

——

ez

Foow

Feez

M\NGN

Teov

Fes0

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)

11.0

B

69

2020-12-11.120.fid

2 e

RS

VN

88T —

Ohte

ISaI)I

(ppm)

1



3.77

156. 38

73

145,

SN

AN

5.5

1 (ppm)

72.92

T
160

150

T
140 130




us e
1574
(SR8
vS'T
06'1

6T #
S6'7
26T
86'7
002
1021

v0'Z ﬁ
017y

T2
e

P W
STZN

en

Yy
65T
197 \
£€9°C

sre—

15t
w5t
€5t
bsp

88'9
16'9
£6'9
96'9

ore
QNW
bTL
ML
1L
€L
ste
e
8€°L
e

€98 —

Ohde

Sad

Tz
TT

Feeo

Toor

55 5.0
f1 (ppm)

6.0

6.5

7.0

7.5

10.5  10.0 9.5 9.0 8.5 8.0

11.0

2g 81—

98 €% —

91 '8z —

N

o
=
(=)

Sad

110

120

£1 (ppm)



58

© =
B3

[\ v

8.

3.75

o
HH

0=5=0
CH;

Sae f [

T
11.0 10.5 10.0 9.5 9.0 5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

£1 (ppm)

a7
21

64.21

— 155,
—150.
55.21

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60

f1 (ppm)



8.60

e S
HM

0=5=0

3.75

NN\y%

0=5=0

Il

0.

0

T T T T T T T T
220 210 200 190 180 170 160 150 140 130

T
120

T
110
£1 (ppm)

T
100

T
90

T
40



S0'T
BAW
T

sre—

£6'9\
569 —
we—
st/
PSL~
517"

658 —

OMe

10'€
6'8

Feer

Froe

Fsov
Forz

Fsoz

0.0

0.5

65 60 55 50 45 40 35 30 25 20
f1 (ppm)

11,5 11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0

12.0

es 11—

2882 —

10

081 —

OMe

110

140

T
180

190

£1 (ppm)



Med

Hr

0=g=0 O OMe

5ah

72.81

N AN NV

T
190

L —

T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
£1 (ppm)




5ai

880
060
16'0 j
&69
8T /
6T /J
8b'T
[

€5°T
SS'T

057 —

67

6

96

86 /
10°€

€0'€

s0'€

L0€

8Tv— /j

6S°S
ﬁw.mw
€9°S

w9
br'9

9
08'9
LTI~
ogL

—

/j

e
B

Wr 6'S
8'¢
0y

6l
6°L

Fzeo

0C
16°¢

0.0

0.5

11.5 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

12.0

Bai

sLet

8'€T > B
bL6T

€8'61 >

8°0€~_ _

0805~

S6'Th~_ —
ov'ey

8b'19 — _
95°0TT ~

e i

6C°STT — =

pTECT — —

6L°6CT ~

¢STET—

68'8YT — =
LL7TST— =

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190



X.-W. Feng, J. Wang, J. Zhang, J. Yang, N. Wang and X.-Q. Yu, Org. Lett., 2010, 12, 4408-
4411.

S. Hu, S. Du, Z. Yang, L. Ni and Z. Chen, Aav. Synth. Catal., 2019, 361, 3124-3136.
D. Choudhary, V. Khatri and A. K. Basak, Org Lett, 2018, 20, 1703-1706.



