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General experimental: All reactions were carried out in air. Solvents were dried and degassed by
the standard methods. Benzene suflonamide, N,N-dimethyl aniline and the additives used in this
reaction were obtained from commercial sources and used without further purification.
N,N-disubstituted aniline derivatives were prepared according to the reference.' Flash column
chromatography was performed using silica gel (300400 mesh). Analytical thin-layer
chromatography was performed using glass plates pre-coated with 200-300 mesh silica gel
impregnated with a fluorescent indicator (254 nm). NMR spectra were recorded in CDCl; on a
Varian Inova-400 NMR spectrometer (300 or 400 MHz) with TMS as an internal reference.
Products were characterized by comparison of 'H NMR, “C NMR and TOF-MS data in the

literatures.

General procedure for the preparation of benzene-substituted suflonamide.? To a Schlenk
tube equipped with a magnetic stir bar was added benzene-substituted sulfuryl chloride (1.46
mmol) and ammonium hydroxide (4.0 mL) in air. The reaction mixture was kept stirring at 0 °C
for 3-4 hours. At the end of the reaction, the aqueous layer was extracted with ether and washed
with water and brine, the organic layer was dried with anhydrous Na,SO,, and the solvent was
removed under reduced pressure. The residue was purified by silica gel column chromatography
gel (eluent: Hexanes/EtOAc = 90:10 to 80:20) to afford the pure product sulfonamide 1 in

80%~90% yield.

General procedure for the Nal-catalyzed oxidative de-tetra-hydrogenative cross-coupling
reactions. To a Schlenk tube equipped with a magnetic stir bar was added sulfonamide 1 (0.5
mmol), 2 aniline (2.1 mmol), Nal (sodiumiodide, 0.01 mmol, 15.0 mg), TBHP (tert-butyl
hydroperoxide, 5-6 M in decane, 1.5 mmol, 0.27 mL), 1,10-phenanthroline monohydrate (0.05
mmol, 9.0 mg) and ethyl acetate (2.0 mL). The reaction mixture was kept stirring at 80 °C for 12
hours. At the end of the reaction, the reaction mixture was cooled to room temperature. After
removal of the solvent, the residue was purified to column chromatography on silica gel (eluent:

Hexanes/EtOAc = 90:10 to 80:20) to give the pure product 3.
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(E)-N-Methyl-N-phenyl-N*-(phenylsulfonyl)formimidamide
Cle 0
NN
o N N
3a

Yellow solid; mp: 102-103 °C; 'H NMR (400 MHz, CDCL3) (3, ppm) 8.57 (s, 1H),
7.96-7.93 (m, 2H), 7.54-7.52 (m, 1H), 7.51-7.47 (m, 2H), 7.45-7.41 (m, 2H),
7.34-7.30 (m, 1H), 7.21-7.19 (m, 2H), 3.44 (s, 3H); °C NMR (100 MHz, CDCl;) (3,
ppm) 158.6, 143.2, 141.8, 132.2, 129.9, 128.9, 127.5, 126.7, 122.1, 36.1; HRMS
(TOF MS CI") [M+H]" calculated for C;4H;5sN,0,S 275.0854, found 275.0859.

(E)-N-Methyl-N'-(phenylsulfonyl)-N-p-tolylformimidamide

(@]
S// PN
PN
o N ITI

3b

Yellow solid; mp: 105-106 °C; 'H NMR (400 MHz, CDCL3) (5, ppm) 8.55 (s, 1H),
7.97-7.95 (m, 2H), 7.56-7.54 (m, 1H), 7.53-7.49 (m, 2H), 7.24 (d, J = 4.0 Hz, 2H),
7.10 (d, J = 8.8 Hz, 2H), 3.44 (s, 3H), 2.39 (s, 3H); °C NMR (100 MHz, CDCl5) (3,
ppm) 158.5, 141.9, 140.8, 137.5, 132.1, 130.4, 128.8, 126.7, 122.1, 36.3, 20.9; HRMS
(TOF MS CI") [M+H]" calculated for CsH;7N,0,S 289.1011, found 289.1018.

(E)-N-(4-Fluorophenyl)-N-methyl-N'-(phenylsulfonyl)formimidamide
L F
//O Q/
S. AN
7N N
O | I
3c

Yellow solid; mp: 120-121 °C; 'H NMR (400 MHz, CDCl5) (3, ppm) 8.51(s, 1H),
7.95 (d, J = 6.8 Hz, 2H), 7.59-7.55 (m, 1H), 7.53-7.49(m, 2H), 7.22-7.19 (m, 2H),
7.16-7.12 (m, 2H), 3.44(s, 3H); *C NMR (100 MHz, CDCl;) (8, ppm) 161.5 (d, J =
250.0 Hz), 158.5, 141.6, 139.4, 132.3, 128.9, 126.7, 124.4 (d, J = 8.6 Hz), 116.8 (d, J
= 22.9 Hz), 36.6; HRMS (TOF MS CI") [M+H]" calculated for C;4H4sFN,0,S
293.0760, found 293.0771.
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(E)-N-(3-Bromophenyl)-N-methyl-N*-(phenylsulfonyl)formimidamide
Cle 11
O//S \NAIII Br
3d

Yellow solid; mp: 128-130°C; 'H NMR (400 MHz, CDCl;) (3, ppm) 8.58 (s, 1H),
7.96-7.94 (m, 2H), 7.57-7.55 (m, 1H), 7.53-7.49 (m, 2H), 7.47-7.45 (m, 1H), 7.38 (t, J
=6.0 Hz, 1H), 7.32-7.28 (m, 1H), 7.18-7.15 (m, 1H), 3.44(s, 3H); °C NMR (100
MHz, CDCls) (8, ppm) 158.3, 144.3, 141.4, 132.4, 131.2, 130.4, 128.9, 126.8, 125.1,
123.4, 120.6, 36.0; HRMS (TOF MS CI") [M+H] calculated for C;4H;4BrN,0,S
352.9959, found 352.9968.

(E)-N-(4-Bromophenyl)-N-methyl-N*-(phenylsulfonyl)formimidamide
L "
e LT
O//S\Né\w ]
3e

Yellow solid; mp: 128-129 °C; 'H NMR (400 MHz, CDClI3) (8, ppm) 8.55 (s, 1H),
7.93 (d, J = 7.2 Hz, 2H), 7.55-7.47 (m, 5H), 7.09 (d, J = 8.4 Hz, 2H), 3.42 (s, 3H); °C
NMR (100 MHz, CDCl3) (6, ppm) 158.2, 142.2, 141.5, 133.0, 132.4, 128.9, 126.7,
123.6, 120.8, 36.0; HRMS (TOF MS CI") [M+H] calculated for C 4H;4BrN,0,S
352.9959, found 352.9962.

(E)-N-(3-Chlorophenyl)-N-methyl-N’-(phenylsulfonyl)formimidamide
Cle g
O//S \NAIII Cl
3f

Yellow solid; mp: 124-125 °C; 'H NMR (400 MHz, CDCL3) (3, ppm) 8.58 (s, 1H),
7.94 (d, J = 7.2 Hz, 2H), 7.56-7.48 (m, 3H), 7.39-7.35 (m, 1H), 7.31-7.28 (m, 1H),
7.22(t, J = 2.0 Hz, 1H), 7.13-7.10 (m, 1H), 3.43(s, 3H); °C NMR (100 MHz, CDCls)
(0, ppm) 158.3, 144.2, 141.4, 135.5, 132.4, 131.0, 128.9, 127.5, 126.7, 122.2, 120.1,
36.0; HRMS (TOF MS CI") [M+H]" calculated for C14H4CIN,0,S 309.0465, found
309.0466.
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(E)-N-(2-Chlorophenyl)-N-methyl-N’-(phenylsulfonyl)formimidamide
Gy CJ@

Yellow oil; '"H NMR (400 MHz, CDCl3) (8, ppm) 8.32 (s, 1H), 7.97-7.95 (m,2H),
7.58-7.50 (m, 4H), 7.40-7.38 (m, 2H), 7.31-7.28(m, 1H), 3.28 (s, 3H); *C NMR (100

Hz, *C NMR (100 MHz, CDCl3) (8, ppm) 160.1, 141.7, 140.5, 132.2, 131.4, 131.0,
130.2, 128.8, 128.3, 126.8, 37.1; HRMS (TOF MS CI") [M+H]" calculated for
C14H14CIN;0,S 309.0465, found 309.0466.

(E)-N-(4-Chlorophenyl)-N-methyl-N*-(phenylsulfonyl)formimidamide

Ol

Yellow solid; mp: 110-111 °C; "H NMR (400 MHz, CDCl3) (6, ppm) 8.56 (s, 1H),
7.96-7.94 (m, 2H), 7.57-7.49 (m, 3H), 7.43-7.40 (m, 2H), 7.18-7.15 (m, 2H); *C
NMR (100 MHz, CDCls) (8, ppm) 158.3, 141.7, 141.5, 133.1, 132.3, 130.0, 128.9,
126.7, 123.3, 36.1; HRMS (TOF MS CI") [M+H]" calculated for C;4sH;4CIN,O,S
309.0465, found 309.0467.

(E)-N-Methyl-N-(4-nitrophenyl)-N*-(phenylsulfonyl)formimidamide

Yellow solid; mp: 128-130°C; 'H NMR (400 MHz, CDCl3) (3, ppm) 8.70 (s, 1H),
8.20-8.17 (m, 1H), 8.10 (t, J = 2.0 Hz, 1H), 7.96-7.94 (m, 2H), 7.69-7.65 (m, 1H),
7.62-7.57 (m, 2H), 7.54-7.51 (m, 2H), 3.53 (s, 3H); *C NMR (100 MHz, CDCl;) (3,
ppm) 158.2, 149.0, 144.1, 141.0, 132.6, 131.0, 129.0, 127.3, 126.8, 121.8, 116.6, 35.9;
HRMS (TOF MS CI") [M+H]" calculated for C;4HsN3;04S 320.0705, found
320.0709.
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(E)-N-Methyl-N-phenyl-N*-tosylformimidamide

Vg 0

Yellow solid; mp: 108-110 °C; 'H NMR (400 MHz, CDCl) (3, ppm) 8.58 (s, 1H),
7.84 (d, J = 8.0 Hz, 2H), 7.46-7.42 (m, 2H), 7.35-7.28 (m, 3H), 7.22-7.20 (m, 2H),
3.45(s, 3H), 2.43(s, 3H); °C NMR (100 MHz, CDCl3) (8, ppm) 158.4, 143.2, 142.9,
138.9, 129.9, 129.5, 127.3, 126.8, 122.1, 36.1, 21.5; HRMS (TOF MS CI") [M+H]"
calculated for C5sH7N,0,S 289.1011, found 289.1013.

(E)-N'-(4-MethoxyphenylsuIfonyl)-N-methyI-N-phenyIformimidamide

Oy, 0

3k

Yellow solid; mp: 101-104 °C; 'H NMR (400 MHz, CDCL3) (3, ppm) 8.56 (s, 1H),
7.87 (d, J = 8.8 Hz, 2H), 7.45-7.44 (m, 2H), 7.33-7.28 (m, 1H), 7.20 (d, J = 7.6 Hz,
2H), 6.97 (d, J = 8.8 Hz, 2H), 3.85 (s, 3H), 3.44 (s, 3H); >C NMR (100 MHz, CDCl;)
(6, ppm) 162.6, 158.2, 143.3, 133.6, 129.9, 128.8, 127.3, 122.0, 114.0, 55.6, 36.0;
HRMS (TOF MS CI") [M+H]" calculated for C;sH;7N,O3S 305.0960, found
305.0971.

(E)-N'-(4-Fluorophenylsulfonyl)-N-methyl-N-phenylformimidamide

F :
g
S// A/i:
N N

//\
I

3l

Yellow solid; mp: 125-128 °C; 'H NMR (400 MHz, CDCI3) (8, ppm) 8.57 (s, 1H),
7.98-7.95 (m, 2H), 7.47-7.43 (m, 2H), 7.37-7.33 (m, 1H), 7.23-7.21 (m, 2H),
7.20-7.15 (m, 2H), 3.47 (s, 3H); BC NMR (100 MHz, CDCls) (3, ppm) 164.9 (d, J =
252 Hz), 158.5, 143.1, 137.9, 129.9, 129.5 (d, J=9.2 Hz), 127.5, 122.2, 116.0 (d, J =
22.4 Hz), 36.2; HRMS (TOF MS CI") [M+H]" calculated for C14H4FN,05S 293.0760,
found 293.0769.
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(E)-N'-(3-Bromophenylsulfonyl)-N-methyl-N-phenylformimidamide

g, 0

3m

Yellow solid; mp: 99-100 °C; 'H NMR (400 MHz, CDCl;) (3, ppm) 8.54(s, 1H), 8.07
(t, J = 2.0 Hz, 1H), 7.89-7.86 (m, 1H), 7.67-7.64 (m, 1H), 7.46-7.41(m, 2H),
7.37-7.32 (m, 2H), 7.23-7.20 (m, 2H), 3.46 (s, 3H); °C NMR (100 MHz, CDCl;) (3,
ppm) 158.7, 143.7, 143.0, 135.2, 130.5, 130.0, 129.7, 127.7, 125.3, 122.7, 122.2, 36.3;
HRMS (TOF MS CI) [M+H]" calculated for C;4H;4BrN,0,S 352.9959, found
352.9963.

(E)-N'-(4-Chlorophenylsulfonyl)-N-methyl-N-phenylformimidamide

g, 0

3n

Yellow solid; mp: 96-99 °C; '"H NMR (400 MHz, CDCl;) (5, ppm) 8.56 (s, 1H), 7.99
(d, J=8.4 Hz, 2H), 7.48-7.43 (m, 4H), 7.36-7.33 (m, 1H), 7.23-7.21 (m, 2H), 3.46 (s,
3H); BC NMR (100 MHz, CDCl;) (5, ppm) 158.6, 143.1, 140.4, 138.6, 129.9, 129.1,
1282, 127.6, 1222, 36.2; HRMS (TOF MS CI") [M+H] calculated for
C14H14CIN,O5S 309.0465, found 309.0466.

(E)-N'-(4-Bromophenylsulfonyl)-N-methyl-N-phenylformimidamide

30

Yellow solid; mp: 105-106 °C; 'H NMR (400 MHz, CDCI3) (8, ppm) 8.57 (s, 1H),
7.82 (d, J = 8.8 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 7.48 -7.44 (m, 2H), 7.38-7.34 (m,
1H), 7.24-7.21 (m, 2H), 3.47 (s, 3H); BC NMR (100 MHz, CDCl3) (6, ppm) 158.6,
143.1, 140.9, 132.1, 129.9, 128.4, 127.6, 127.1, 122.2, 36.2; HRMS (TOF MS CI")
[M+H]" calculated for C14H4BrN,0,S 352.9959, found 352.9970.
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(E)-N-(4-(N-((Methyl(phenyl)amino)methylene)sulfamoyl)phenyl)acetamide

H
\H/N
O
0 \Q,, O
SN
g NN
3p

\ J

Yellow solid; mp: 200-203 °C; 'H NMR (400 MHz, DMSO) (3, ppm) 10.32 (s, 1H),
8.48(s, 1H), 7.82-7.74 (m, 4H), 7.50-7.43 (m, 4H), 7.37-7.34 (m, 1H), 3.38 (s, 3H),
2.09 (s, 3H); *C NMR (100 MHz, DMSO) (5, ppm) 169.4, 158.8, 143.5, 143.1, 136.0,
130.1, 128.0, 127.4, 122.5, 119.0, 36.0, 24.6; HRMS (TOF MS CI") [M+H]"
calculated for C1HsN503S 332.1069, found 332.1078.

(E)-N-Methyl-N-phenyl-N*-(4-(trifluoromethyl)phenylsulfonyl)formimidamide

FsC
0
S/ AN
o~
O/ N 'TI
3

q

Yellow solid; mp: 102-104 °C; 'H NMR (400 MHz, CDCL3) (3, ppm) 8.57 (s, 1H),
8.07 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.47-7.43 (m, 2H), 7.37-7.33 (m,
1H), 7.23-7.21 (m, 2H), 3.46 (s, 3H); °C NMR (100 MHz, CDCl3) (5, ppm) 158.9,
145.4, 143.0, 133.8 (d, J =32.7 Hz), 130.0, 127.8, 127.3, 126.0 (q, J = 3.7 Hz), 122.3,
36.3; HRMS (TOF MS CI") [M+H]" calculated for C;sH4F3N,0,S 343.0728, found
343.0730.

(E)-N-Methyl-N'-(4-nitrophenylsulfonyl)-N-phenylformimidamide
O,N
Tl 0
//S\ PN
o N N
3r

Yellow solid; mp: 148-149 °C; 'H NMR (400 MHz, CDCI3) (8, ppm) 8.58 (s, 1H),
8.35 (d. J = 8.8 Hz, 2H), 8.14 (d, J = 9.2 Hz, 2H), 7.49-7.45 (m, 2H), 7.40-7.36 (m,
1H), 7.25-7.23 (m, 2H), 3.49 (s, 3H); BC NMR (100 MHz, CDCl3) (6, ppm) 159.0,
149.8, 147.6, 142.9, 130.0, 128.1, 127.9, 124.1, 122.3, 36.5; HRMS (TOF MS CI")
[M+H]" calculated for C14H4N304S 320.0705, found 320.0708.
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(E)-N-Methyl-N'-(naphthalen-2-ylsulfonyl)-N-phenylformimidamide

(. e

3s

Yellow solid; mp: 132-134 °C; 'H NMR (400 MHz, CDCI3) (8, ppm) 8.63 (s, 1H),
8.52 (s, 1H), 7.96-7.88 (m, 4H), 7.63-7.56 (m, 2H), 7.45-7.41 (m, 2H), 7.34-7.30 (m,
1H), 7.21-7.19 (m, 2H), 3.45 (s, 1H); *C NMR (100 MHz, CDCl3) (5, ppm) 158.6,
143.2, 138.7, 134.7, 132.2, 129.9, 129.3, 129.1, 128.5, 127.9, 127.5, 127.4, 127.3,
122.6, 122.1, 36.2; HRMS (TOF MS CI") [M+H] calculated for C;gH;7N,O,S
325.1011, found 325.1017.

(E)-N'-(Mesitylsulfonyl)-N-methyl-N-phenylformimidamide

S// 2N
PN
O/ N IT‘
3t

Yellow solid; mp: 151-152 °C; 'H NMR (400 MHz, CDCI3) (8, ppm) 8.58 (s, 1H),
7.44-7.40 (m, 2H), 7.33-7.29 (m, 1H), 7.19-7.17 (m, 2H), 6.94 (s, 2H), 3.43 (s, 3H),
2.71 (s, 6H), 2.29 (s, 3H); BC NMR (100 MHz, CDCl3) (3, ppm) 157.7, 143.4, 141.7,
138.8, 135.8, 131.6, 129.9, 127.2, 122.0, 36.0, 23.0, 20.9; HRMS (TOF MS CI")
[M+H]" calculated for C17H,;N>0,S 317.1324, found 317.1329.

(E)-N-Methyl-N-phenyl-N'-(thiophen-2-ylsulfonyl)formimidamide
S
e &
220 2
o N N
3u

Yellow solid; mp: 105-106 °C; 'H NMR (400 MHz, CDCl3) (8, ppm) 8.54 (s, 1H),
7.65-7.64 (m, 1H), 7.56-7.55 (m, 1H), 7.46-7.42 (m, 2H), 7.35-7.31 (m, 1H),
7.21-7.19 (m, 2H), 7.07-7.04 (m, 1H), 3.47 (s, 3H); BC NMR (100 MHz, CDCl3) (9,
ppm) 158.6, 143.1, 143.0, 131.4, 131.2, 129.9, 127.6, 127.2, 122.2, 36.3; HRMS
(TOF MS CI") [M+H]" calculated for C,H3N,0,S, 281.0418, found 281.0426.
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N-((Methyl(phenyl)amino)methyl)benzamide

@iHANQ ]

White solid; '"H NMR (400 MHz, CDCls) (8, ppm) 7.73-7.71 (m, 2H), 7.50-7.46 (m,
1H), 7.41-7.37 (m, 2H), 7.30-7.25 (m, 2H), 6.87-6.80 (m, 3H), 6.64 (s, 1H), 5.11 (d, J
= 5.6 Hz, 2H), 3.06 (s, 3H); >C NMR (100 MHz, CDCl3) (8, ppm) 168.0, 147.9,
134.1, 131.7, 129.5, 128.6, 127.0, 118.3, 113.3, 58.2, 38.0.

2-(Methyl(phenyl)amino)acetonitrile

[:::F,N\V/CN

Yellow oil; "H NMR (400 MHz, CDCLs) (8, ppm) 7.38-7.34 (m, 2H), 6.97 (t, J = 7.2
Hz, 1H), 6.91 (d, J = 8.0 Hz, 2H), 4.19 (s, 1H), 3.03 (s, 1H); >*C NMR (100 MHz,
CDCl3) (8, ppm) 147.8, 129.5, 120.2, 115.6, 114.9, 42.3, 39.3.

Mechanism Study of the Ligand

We collected the reaction conversion data at 1.5 h, 3.5 h, 5.5 h and 7.5 h for both
reactions, and the results are summarized below. With these data, we found that, at
various reaction times, the ratio of 3a:C is almost idential either in the reaction with
or without ligand (see the red part in the Table below, and determined from the ratio
of integrated absorptions in 'H NMR spectra that corresponded to the methyl groups
with crude reaction mixture); however, the ratio of 3a: 2a or C:2a in the reaction with
the ligand is higher then the one without the ligand (see the blue part in the Table
below). Although we are still not sure how exactly the ligand works in our system,
according to these observation, we can confirm that the ligand assists the first part of
the transforamtion to form the intermedate C

~N [O] [0 NN
Eh +  PhSO,NH, h N “NHSO,Ph N” “NSO,Ph
with or without Ph Ph
2a 1a Phen c 3a

Time With ligand (3a:C:2a) Without ligand (3a:C:2a)

1.5h 1.0:1.4:13.7 1.0:1.4:18.2
35h 1.0:0.7:10.0 1.0:0.6:11.2
55h 1.0:0.4:8.1 1.0:0.4:10.9
7.5h 1.0:0.2:7.2 1.0:0.1:8.3
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~, [O] [O] ~

PN
N+ ehsomH, ———= N7 NHSOPh N"Nso,Ph

Ph with Phen Ph Ph

2a la C 3a

HaCo o OxM HCo o HsC. .CH;
TN Nso,Ph T N™ “NHSO,Ph N I
|
Ph P ~CH, Ph Ph
With ligand 3a 4 c 2a ' ‘

15h,3a:C:2a=1.0:1.4:13.7 ‘

May12-2015-h400-182-phen—1.5h

A AL ]

May12-2015-h400-zy-182-phen—3.5h

3.5h,3a:C:2a=1.0:0.7:10.0 ‘

3

5.5h,3a:€:2a=1.0:0.4:81 f Y A O I N | N

May12-2015-h400-zy-182phen-5.5h

7.5h,3a:C:2a=1.0:0.2:7.2 ‘ L

May12-2015-h400-zy-182-phen-7.5h

1

I [
B AN N __._,/) le I

T T T T T 1
3.15 3.10 3.05 3.00 295 290 285

T T T T T T T T T T T T T
BO 375 370 365 360 355 350 345 340 335 330 335 320
f1 (ppm)
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N [O]

[Q] NN
N+ phsoNH, — = \I}IANHSOZPh N"NSO,Ph
Ph without Phen  Ph Ph
2a la C 3a
O H,C. CH
May12-2015-h400-zy-183-1.5h H3C\N/§NSOZPh Y HSC\I}I/\NHSOZPh s ll\l/ s ||
)
N
Ph Ph ~CH, Ph Ph
Without ligand 3a 4 c 2a ‘ »
15h,3a:C:2a=1.0:1.4:18.2 |I
" |
I Y | N A A R ____Jl_ I\
May12-2015-h400-zy-183-25
3.5h,3a:C:2a=1.0:0.6:11.2 | s
il
B A —l A -
May12-2015-h400-zy-183-2 ‘
| ]
55h,3a:C:2a=1.0:0.4:10.9 ) |
R AL — o o - (. —
Mayi2-2015-h400~zy—-183-7.5h
75h,3a:C:2a=1.0:0.1:8.3 \ H ™
|
Il /|
. R A 1o R —/J AL
IED 3.1."5 3.‘7"0 3.‘55 3.‘50 3.‘55 3.‘50 3.:15 3.:10 3.‘35 3.‘30 3.:25 3.120 ].I1.5 3.I1|] 3.;]5 ZHIII 2.;5 Z.I9|] 2.‘85
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Intermediates C Identification

Proton NMR observation:

HyCo
P s N” “NHCOPh
3.09 ppm Ph
standard conditions
la + 2a
|
May12-2015-h400-182-phen—1.5h I
H;Co Hs;C CH |
ch\NQNSOZPh 3 I}IANHSOZPh 3 \l}l’ 3 [
|
Ph - Ph Ph | s
3.10 ppm
3a PP c 2a ’ |I
at B 15h A Y R _
My 12-2015-400-zy—182-phen-3.5h
3.5h f
4
N _ 5.5h A ._J1 .- _
May12-2015-h00-zy-182phen-5.50
7.5h
]
f\ II ||
Al A AN
-— —— — - — — T — —1?_h_ — S . I — S — s
My 12-2015-+400-zy—182-phen—T7.ph | |
(
{1 2
il !
S i ,".I .I\._ _ | - - -;H I'\_n i
May12-2015-hA00-zy-181-12h ‘ |
1
I
|
— .'ﬁ\ . _r—"' \_J&\__
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
3.45 3.40 335 3.30 3.25 3.20 3.15 3.10 3.05 3.00 2.95 290 2.85
f1 {ppm)

260 3.55
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HRMS report of the observation of the intermediate C:

Elemental Composition Report Page 1

Multiple Mass Analysis: 35 mass(es) processed - displaying only valid results
Tolerance =30 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons
503 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used: y *‘H‘
C:0-14 H:0-17 N:0-2 0:0-2 S:041 o M
W
2Y-184-2 330 (5.500) Cm (330~(278:261+285:288)) : s NN
TOF MS CI+ 3 . somelf NaT Wy Lu" 0 Z
Yeackion . -5 M, Lownly phew e —h 3 5.00e+
L g™ + N —F Ty @5 Claase oTHDas
i 267.7731 OSmne|  2imed AL ESAC T A 2771001 = 277 oyf
2603164 infermediate '
| 264.3091 T T
| 260,5643 2655341 267.3871 260.5220 271.4234 2724374 275.3357 2791319 2815421
o 218470 "
2580 2600 2620 2640 2660 2680 2700 2720 2740 2760 2780  280.0
Minimum: 5.00 -1.5
Maximum; 100.00 3.0 10.0 50.0
Mass RA Calc. Mass mba PEM DBE i=-FIT Formula
277.1001 77.28  277.1011 -1.0 ~3.6 7.5 2773013.3 Cl4 H17 N2 02 5
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HRMS Observation of the Product from N,N-Diethylaniline

Elemental Composition Report Page 1

Multiple Mass Analysis: 31 mass(es) processed - displaying only valid results
Tolerance = 3.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

458 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-15 H:0-17 N:0-2 0:0-2 S:0-1

ZY-188 271 (4.517) Cm (271-(225:226+230:233)) o (
TOF MS CI+ o IS A Nal \; 3N
[ 20 mdd Nal 1 ) 2.51a+001
275.0191 T i ey lomil¥ phen G:r‘e 57 a
100 LeINE = —W\r\" Tenpos decacy
s J 5 ¥ i » NE
O3, 2| mmd CeOlte L2ml) i:xﬂ.t W“{lgglm
o
281.1274 e R D = 28900
% ru| ) \@Jﬂ-‘ = =219.
280.2255 = L
301.1054 304.1154
273.3521 i 2881073 2021995 292 0463
285.4727 . 285.6267 299.0868 306.0779
ol 2763635 ) L il RGN N O 1
275.0 280.0 2850 290.0 2850 300.0 305.0
; I'_I ( 9
mba PPM DBE i-FIT Formula
-6.9 16.0 2773026.0 Cl5 H2 N2 02 S
-2.1 B.5 5546025.0 €15 H17 N2 02 S

Reference:

1 L. S. Kristen, C. O. Allie and B. F. Matthew, J. Am. Chem. Soc., 2011, 133, 16970.

2 (a) W. J. Kerr, M. Reid and T. Tuttle, ACS Catal., 2015, 5, 402; (b) E. Yuriev, D. C.
M. Kong and M. N. Iskander, Eur. J. Med. Chem., 2004, 39, 835.
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