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1. General Information

All chemicals were purchased from Energy Chemical Reagent, Ltd, Zane Chemical
Technology company, Aladdin Ltd, Crystal pure bio-tech company and so forth.
Unless otherwise stated, all experiments were conducted in a seal tube under argon
atmosphere. Reactions were monitored by TLC or GC-MS analysis. Flash column
chromatography was performed over silica gel (200-300 mesh).

'"H-NMR and '*C-NMR spectra were recorded in CDCI; on Nuclear Magnetic
Resonance spectrometer (400 MHz for 1H or 600 MHz for 'H, 151 MHz for 1*C) at
room temperature. Chemical shifts were reported in ppm on the scale relative to
CDCl; (6 = 7.26 for 'H-NMR, & = 77.00 for '*C-NMR) as an internal reference. High
resolution mass spectra were recorded using ZAB-HS Bifocal high resolution mass

spectrometer. Coupling constants (J) were reported in Hertz (Hz).

2. General Procedure for the Synthesis of Product 5

Ethanol (5 mL) was added into the beaker type electrolytic cell as the reaction
solvent, and then malononitrile (0.5 mmol), 2-aminothiophenol (0.5 mmol),
benzaldehyde (0.5 mmol) were successively added, TBABF4(32.2 mg, 20 mol%) as
the electrolyte, after adding Cul (9.5 mg, 10 mol%), the reaction mixture is stirred at
room temperature with a constant current of 12 mA and electrolyzed for 2-4 h.
Real-time monitoring is carried out with TCL thin layer analysis. After the reaction is
complete, then petroleum ether: ethyl acetate (15:1) was used to prepare the eluent

and column chromatography was used to obtain the crystalline target product.
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3. Characterization Data of Product 5

@ES CN
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(E)-2-(Benzothiazol-2-yl)-3-phenylacrylonitrile (5a)

Yellow solid, 110.1 mg (84%). M.p. 148-149 °C (154-155 °C).! 'H NMR (400 MHz,
CDCl) 6 8.16 (s, 1H), 8.06 (d, /= 8.0 Hz, 1H), 7.99-7.96 (m 2H), 7.87 (d, /= 7.8 Hz,
1H), 7.51-7.45 (m, 4H), 7.39 (t, J = 7.2 Hz, 1H). *C NMR (151 MHz, CDCl;) §
162.7, 153.6, 146.9, 134.9, 132.3, 132.2, 130.3, 129.7, 129.2, 128.6, 126.9, 126.0,

123.6, 121.7, 116.4, 105.6. HRMS (ESI) m/z caled for CiHioNoS*, (M+H) *
263.0637, Found 263.0644.

S CN
O\
(E)-2-(Benzothiazol-2-yl)-3-(2-methoxyphenyl)acrylonitrile (Sb)

Yellow solid. 130.0 mg (89%). M.p. 154-155 °C. '"H NMR (400 MHz, CDCl3) & 8.65
(s, 1H), 8.33 (d, J = 8.6 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H),
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7.55(dd, J = 8.4, 18.4 Hz, 2H), 7.43 (t, J = 8.0 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 7.00
(d, J=8.4Hz, 1H). 3C NMR (151 MHz, CDCl3) § 163.5, 158.7, 153.7, 142.1, 134.8,
133.8, 128.9, 126.8, 125.9, 123.7, 121.6, 121.5, 121.0, 116.6, 111.0, 105.6, 55.8.
HRMS (ESI) m/z caled for C17H12N>OS™, (M+H) *293.0743, Found 293.0742.

CES CN

(E)-2-(Benzothiazol-2-yl)-3-(2-methylphenyl)acrylonitrile (5c¢)

Yellow solid. 118.7 mg (86%). M.p. 101-103 °C. '"H NMR (400 MHz, CDCI;) §
8.06-8.03 (m, 3H), 7.47-7.41 (m, 2H), 7.26-7.18 (m, 3H), 7.11-7.08 (m, 1H), 2.34 (s,
3H). 3C NMR (151 MHz, CDCls) & 162.6, 153.6, 145.5, 138.9, 134.9, 131.8, 130.9,
130.3, 128.3, 126.9, 126.7, 126.0, 123.7, 121.7, 116.3, 107.3, 20.0. HRMS (ESI) m/z
calcd for C17H12N2S™, (M+H) * 277.0794, Found 277.0795.

C[S CN
Cl

(E)-2-(Benzothiazol-2-yl)-3-(2-chlorophenyl)acrylonitrile (5d)

Yellow solid. 100.6 mg (68%). M.p. 177-178 °C. 'H NMR (400 MHz, CDCls) & 8.58
(s, 1H), 8.28-8.226 (m, 1H), 8.13 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 3.6 Hz, 1H),
7.56-7.40 (m, 5H). '*C NMR (151 MHz, CDCls) 8 162.1, 153.6, 143.2, 135.8, 135.0,
132.8, 130.8, 130.3, 129.6, 127.4, 127.0, 126.4, 124.0, 121.7, 115.7, 108.8. HRMS
(ESI) m/z calcd for C16HoCIN,S*, (M+H) *297.0248, Found 297.0248.

C[S CN oO—

(E)-2-(Benzothiazol-2-yl)-3-(3-methoxyphenyl)acrylonitrile (5e)

Yellow solid. 121.2 mg (83%). M.p. 135-136 °C. 'H NMR (400 MHz, CDCls) & 8.16
(s, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.4Hz, 1H), 7.59 (s, 1H), 7.54-7.49(m,
2H), 7.43 (dd, J = 8.0 Hz, 12.8 Hz, 2H), 7.06-7.04 (m, 1H), 3.87 (s, 3H). 1*C NMR
(151 MHz, CDCls) 6 162.7, 159.9, 153.5, 146.8, 134.9, 133.5, 130.2, 126.9, 126.0,
123.6, 1234, 121.6, 118.9, 116.5, 114.1, 105.7, 55.4. HRMS (ESI) m/z calcd for
C17H12N,0S*, (M+H) * 293.0743, Found 293.0742.



C[S CN

(E)-2-(Benzothiazol-2-yl)-3-(3-methylphenyl)acrylonitrile (5f)

Yellow solid. 113.2 mg (82%). M.p. 143-144 °C.'H NMR (400 MHz, CDCl;) § 8.10
(s, 1H), 8.06 (d, /= 8.4 Hz, 1H), 7.85 (dd, /= 8.0, 14.0 Hz, 2H), 7.75 (s, 1H), 7.49 (d,
J=8.0 Hz, 1H), 7.40 (dd, J = 8.0 Hz, 16.8 Hz, 2H), 7.30 (d, J = 7.2Hz, 1H), 2.40 (s,
3H). *C NMR (151 MHz, CDCI3) § 162.8, 153.6, 147.1, 139.0, 134.9, 133.2, 132.3,
131.0, 129.1, 127.5, 126.9, 126.0, 123.6, 121.6, 116.4, 105.2, 21.4. HRMS (ESI) m/z
calcd for C17H12N2S™, (M+H) * 277.0794, Found 277.0794.

BN Ve

(E)-2-(Benzothiazol-2-yl)-3-(3-fluorophenyl)acrylonitrile (5g)

Yellow solid. 93.8 mg (67%). M.p. 171-172 °C. 'H NMR (400 MHz, CDCl3) § 8.22 (s,
1H), 8.11 (d, /= 8.0 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.76
(d, J = 7.2 Hz, 1H), 7.57-7.44 (m, 3H), 7.26-7.21 (m, 1H). 3C NMR (151 MHz,
CDCl) 6 163.6, 162.0 (d, Jc.r = 13.59 Hz), 153.5, 145.1 (d, Jc.r = 3.02 Hz), 135.1,
134.3 (d, Je.r = 9.06 Hz), 130.8 (d, Jc.r = 9.06 Hz), 127.1, 126.2 (d, Jc-r = 3.02 Hz),
123.7,121.7,119.2 (d, Jc.r = 21.14 Hz), 116.6 (d, Jc-r = 22.65 Hz), 116.0, 107.0. '°F
NMR (376 MHz, CDCl3) 8 -110.8. HRMS (ESI) m/z caled for C16HoNoFS*, (M+H) *
281.0543, Found 281.0543.

@E*&@

(E)-2-(Benzothiazol-2-yl)-3-(4-methoxyphenyl)acrylonitrile (5h)

Yellow solid. 121.2 mg (91%). M.p. 186-188 °C (194-196 °C).! 'H NMR (400 MHz,
CDCl) 6 8.17 (s, 1H), 8.07-8.02 (m, 3H), 7.90 (d, J= 8.0 Hz, 1H), 7.52 (t, /= 8.0 Hz,
1H), 7.41 (t, J = 8.0 Hz, 1H), 7.02 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H). *C NMR (151
MHz, CDCls) 6 163.4, 162.9, 153.6, 146.5, 134.8, 132.7, 126.8, 125.7, 125.2, 123.3,
121.6, 117.1, 114.7, 114.2, 102.3, 85.2, 55.6. HRMS (ESI) m/z calcd for C17H12N,0S",
(M+H) " 293.0743, Found 293.0746.
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(E)-2-(Benzothiazol-2-yl)-3-(4-methylphenyl)acrylonitrile (5i)

Yellow solid. 117.3 mg (85%). M.p. 152-154 °C (159-161 °C).! 'H NMR (400 MHz,
CDCl) 6 8.16 (s, 1H), 8.07 (d, /= 8.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 2H), 7.89 (d, J =
8.4 Hz, 1H), 7.51 (t, J= 7.2 Hz, 1H), 7.41 (t, J= 8.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H),
2.42 (s, 3H). >*C NMR (151 MHz, CDCl3) & 163.0, 153.6, 146.9, 143.4, 134.9, 130.5,
130.0, 129.7, 129.3, 126.8, 125.9, 124.0, 123.5, 121.6, 116.7, 104.3, 21.8. HRMS
(ESI) m/z calcd for C7H2N,S™, (M+H) * 277.0794, Found 277.0794.

S CN

(E)-2-(Benzothiazol-2-yl)-3-(4-fluorophenyl)acrylonitrile (5j)

Yellow solid. 96.6 mg (69%). M.p. 120-121 °C.'H NMR (600 MHz, CDCl3) § 8.19 (s,
1H), 8.06 (m, 2H), 7.92-7.87 (m, 1H), 7.58-7.34 (m, 3H), 7.25-7.16 (m, 2H). *C
NMR (151 MHz, CDCl3) & 162.5, 153.5, 145.3, 134.9, 132.7(d, Jc.r = 9.06 Hz),
132.2(d, Jc-r = 9.06 Hz), 128.7(d, Jc.r = 3.02 Hz), 127.0, 126.4(d, Jc.r = 7.55 Hz),
126.0, 124.0, 123.6, 121.7, 116.6(d, Jc.r = 22.65 Hz), 116.4, 115.7(d, Jc.r = 21.14 Hz).
YF NMR (376 MHz, CDCl3) § -104.8. HRMS (ESI) m/z calcd for Ci6HoN,FS™,
(M+H) " 281.0543, Found 281.0544.

27— C

N \ Cl
(E)-2-(Benzo|d]thiazol-2-yl)-3-(4-chlorophenyl)acrylonitrile (5k)
Yellow solid. 105.1 mg (71%). M.p. 224-225 °C (235-237 °C).! 'H NMR (600 MHz,
CDCls) 6 8.18 (s, 1H), 8.07 (d, J= 7.8 Hz, 1H), 7.95 (d, J = 8.4 Hz, 2H), 7.90 (d, J =
8.4 Hz, 1H), 7.52 (t, J = 7.2 Hz, 2H), 7.48 (t, J = 8.4 Hz, 2H). '*C NMR (151 MHz,
CDCl3) 0 162.3, 153.5, 145.1, 138.4, 135.0, 131.5, 130.8, 129.6, 128.8, 127.0, 126.1,

123.6, 121.7, 116.2, 111.8, 106.0. HRMS (ESI) m/z calcd for C16HsN,CIS*, (M+H) *
297.0248, Found 297.0247.

C[S CN

Y

(E)-2-(Benzothiazol-2-yl)-3-(4-bromophenyl)acrylonitrile (51)

Yellow solid. 113.9 mg (67%). M.p. 207-209 °C (210-211 °C).! '"H NMR (400 MHz,
CDCl) 6 8.16 (s, 1H), 8.08 (d, /= 8.0 Hz, 1H), 7.91-7.86 (m, 2H), 7.64 (d, J = 8.4 Hz,

2H), 7.53 (t, J = 7.2 Hz, 1H), 7.48 (t, J = 8.0 Hz, 1H). '3C NMR (151 MHz, CDCl3) §
6



162.3, 153.5, 145.2, 137.0, 135.0, 132.6, 131.6, 131.5, 131.2, 127.0, 126.9, 126.1,
123.7, 121.7, 116.2, 106.1. HRMS (ESI) m/z calcd for Ci;sHoN>BrS", (M+H) *
340.9743, Found 340.9742.

C[S CN
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(E)-2-(Benzo|d]thiazol-2-yl)-3-(3,4-dimethylphenyl)acrylonitrile (S5m)

Yellow solid. 127.6 mg (88%). M.p. 145-146 °C. 'H NMR (600 MHz, CDCIl3) & 8.11
(s, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 7.8 Hz,
1H),7.75(s, 1H), 7.49 (t, J=7.2 Hz, 1H), 7.48 (t, J = 8.4 Hz, 1H), 7.26-7.24 (m, 1H),
2.30 (s, 6H). *C NMR (151 MHz, CDCls) § 163.2, 153.6, 147.1, 144.3, 142.2, 137.6,
134.8, 131.7, 130.5, 128.0, 126.8, 123.5, 121.6, 116.7, 104.0, 20.1, 19.8. HRMS (ESI)
m/z caled for Ci1sH14N2S™, (M+H) *291.0950, Found 291.0950.

S CN
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(E)-2-(Benzothiazol-2-yl)-3-(2,6-dimethylphenyl)acrylonitrile (S5n)

Yellow solid. 114.6 mg (79%). M.p. 125-126 °C.'H NMR (400 MHz, CDCI3) § 8. 40
(s, 1H), 8.14 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 80 Hz, 1H), 7.56 (d, J = 7.2 Hz, 1H),
7.47 (t, J = 8.4 Hz, 1H), 7.26 (t, J= 7.2 Hz, 1H), 7.16-7.14 (m, 2H), 2.40 (s, 6H). 1°C
NMR (151 MHz, CDCIs) 6 161.2, 153.5, 148.9, 136.3, 134.9, 132.2, 130.0, 129.6,
128.6, 128.1, 127.0, 126.3, 123.9, 121.7, 115.1, 113.5, 20.4, 20.0. HRMS (ESI) m/z
calcd for C1sH14N,S*, (M+H) * 291.0950, Found 291.0949.

S CN F

(E)-2-(Benzothiazol-2-yl)-3-(3,4-difluorophenyl)acrylonitrile (50).

Yellow solid. 98.4 mg (66%). M.p. 102-103 °C. '"H NMR (400 MHz, CDCls) & 8.16 (s,
1H), 8.08 (d, J= 8.2 Hz, 1H), 7.92 (d, J= 7.6 Hz, 2H), 7.77 (d, J= 5.0 Hz, 1H), 7.55
(t, J=7.7 Hz, 1H), 7.45 (t, J= 7.6 Hz, 1H), 7.31 (q, J = 8.7 Hz, 1H). *C NMR (151
MHz, CDCl3) 6161.9, 153.5, 151.5, 149.7(d, Jc.r = 13.59 Hz), 143.9, 135.0, 127.5(d,
Jcr =3.02 Hz), 127.5(d, Jc.r = 4.53 Hz), 127.1, 126.2, 123.7, 121.7, 118.8(d, Jc-r =
18.12 Hz), 118.3(d, Jc.r = 18.12 Hz), 116.0, 106.5(d, Jc.r = 3.02 Hz). '°F NMR (376
MHz, CDCl3) & -134.5, -139.8. HRMS (ESI) m/z calcd for Ci¢HsFaN,S*, (M+H) *
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299.0449, Found 299.0449.

S CN F

Y
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(E)-2-(Benzothiazol-2-yl)-3-(2,5-difluorophenyl)acrylonitrile (5p).
Yellow solid. 80.5 mg (54%). M.p. 131-132 °C. '"H NMR (400 MHz, CDCl5) & 8.24 (s,
1H), 8.06 (d, J = 8.2 Hz, 1H), 7.89 (dd, J = 23.7, 7.7 Hz, 2H), 7.59 - 7.55 (m, 1H),
7.52 - 7.46 (m, 2H), 7.42 - 7.37 (m, 1H). *C NMR (151 MHz, CDCl;s) § 166.3, 162.7,
153.2 (d, Jc.r = 55.87 Hz), 135.5(d, Jc.r = 61.96 Hz), 131.0, 129.7, 126.5(d, Jc.r =
6.04 Hz), 126.2, 125.7, 124.1, 123.6, 121.6(d, Jc.r = 43.79 Hz), 117.8(d, Jc.r = 7.55

Hz), 117.6(d, Je.r = 9.06 Hz), 116.8. '°F NMR (376 MHz, CDCls) § -123.1, -123.3.
HRMS (ESI) m/z caled for C1HsFaN,S*, (M+Na) * 321.0268, Found 321.0269.

CES CN
/
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(E)-2-(Benzothiazol-2-yl)-3-(furan-2-yl)acrylonitrile (5q).
Yellow solid. 73.1 mg (58%). M.p. 141-142 °C. 'H NMR (400 MHz, CDCls) &
8.02-8.03 (m, 2H), 7.89 (d, J = 8.0 Hz, 1H), 7.72 (s, 1H), 7.50 (t, J = 8.4 Hz, 1H),
7.41 (t, J = 8.0 Hz, 1H), 7.30 (d, J = 7.4 Hz, 1H), 6.65-6.64 (m, 1H). 3C NMR (151
MHz, CDCl) 6 162.2, 153.6, 149.2, 147.1, 135.0, 131.7, 126.9, 125.8, 123.3, 121.6,

119.6, 116.3, 113.6, 101.4. HRMS (ESI) m/z caled for CisHsN,SOY, (M+H) *
253.0430, Found 253.0431.

(E)-2-(Benzothiazol-2-yl)-3-(thiophen-2-yl)acrylonitrile (5r)

Yellow solid. 89.8 mg (67%). M.p. 170-173 °C. 'H NMR (400 MHz, CDCl3) § 8.40 (s,
1H), 8.06 (d, J= 8.0 Hz, 1H), 7.91 (d, J=4.4 Hz, 1H), 7.83 (d, J=3.6 Hz, 1H), 7.73 (d,
J=5.2 Hz, 1H), 7.52 (t, J= 7.8 Hz, 1H), 7.42 (t, J = 8.0 Hz, 1H), 7.24-7.21 (m, 1H).
BC NMR (151 MHz, CDCls) 8 162.3, 153.6, 138.8, 136.9, 135.4, 135.0, 133.3, 128.5,
126.9, 125.8, 123.3, 121.7, 116.6, 102.1. HRMS (ESI) m/z calcd for Ci4HgN,S,",
(M+Na) " 291.0021, Found 291.0021.
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5. NMR Spectra Copies of Product 5

(E)-2-(Benzothiazol-2-yl)-3-phenylacrylonitrile (5a)
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(E)-2-(Benzothiazol-2-yl)-3-(2-methoxyphenyl)acrylonitrile (Sb)
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(E)-2-(Benzothiazol-2-yl)-3-(o-tolyl)acrylonitrile (5¢)
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(E)-2-(Benzothiazol-2-yl)-3-(2-chlorophenyl)acrylonitrile (5d)
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(E)-2-(Benzothiazol-2-yl)-3-(3-methoxyphenyl)acrylonitrile (Se)

Li98E—

LOp0'L
on
7690'
#690'L 1
969€'L 1
988€'L
260b'L
292 L7
£621'L
VETTR
S06F'L
8015'L
1952
L525°L]
6825
9466'L]
SZ65'L
2298’ ]
6188'L]
mmwai
epL0e

Lshe

—

e oy

OMe

CN
\

S
4
N

Lovo'L
LOv0'L
2E90'L
690°L

969€'.
988€ ﬁ/
Z60v L}

zozbL
wmwvhw‘
V8L
S0BY'L
80IS'L
[2:13=2
15252
6825 L
9IESL
5765'L
2z98'L
6188'L
S6r0'8—
epL08”
Lse—

68'0

T T T
0 6.9 6.8 6.7 6.¢

T T T T

8.4 8.3 8.2 81 &0

fl (opm)

16°0
7 oz
Nnm. 3

£6°0
68°0
680
u/nn.n

Fo

o

b

6
f1 (ppm)

o

L9EV GG —

8099601 —
8160'FLL

mev.m_—y
wwvwm_._../

VB9 1ZIN"
2BEETL

£865'ET)
Nm_o.ww—\
EGZE'9TI
S8LL'0EL
IZISEEL
SIvE'PEL

0SZ8'9v| s
08GS'ES 1~
LEGB'BG) A\
Pe99Z9I"

OMe

CN
\

S
N

8160 —

LESPOLL—

9Tre'8lL—

peroizL—

THBEET L~
€865 €L

Z910'9ZL—

£626'9T) —

SeLloEL—

IZIGEEL—

SIPEPEL—

124
£1 (ppm)

T
126

T
128

T
138

=]

T T
220 210

T
230

1 (ppm)

14



(E)-2-(Benzothiazol-2-yl)-3-(m-tolyl)acrylonitrile (5f)
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(E)-2-(Benzothiazol-2-yl)-3-(3-fluorophenyl)acrylonitrile (5g)
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(E)-2-(Benzothiazol-2-yl)-3-(4-methoxyphenyl)acrylonitrile (Sh)
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(E)-2-(Benzothiazol-2-yl)-3-(p-tolyl)acrylonitrile (5i)
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(E)-2-(Benzothiazol-2-yl)-3-(4-fluorophenyl)acrylonitrile (5j)
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(E)-2-(Benzo|d]thiazol-2-yl)-3-(4-chlorophenyl)acrylonitrile (5k)
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(E)-2-(Benzothiazol-2-yl)-3-(4-bromophenyl)acrylonitrile (51)
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(E)-2-(Benzo|d]thiazol-2-yl)-3-(3,4-dimethylphenyl)acrylonitrile (Sm)
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(E) -2-(Benzothiazol-2-yl)-3-(2,6-dimethylphenyl)acrylonitrile (5n)

T
pd e rd
Oz 1S1E02— O~
= ~
) N (7] =
-
Les
-
(@
= = .
Fa £959'121 —
>
[&
[ Lo
_1;. LI06°EZ}— _
LIEVLN e
gosh L~ B 9ezoEll
LIEVL mmmmn/ w ez MWMMWM"W
£951°L - @
POETL evizs” Fe LI0B'EZ) 8zzz 9zl — —_—
£56Z°L . - 822292} P
zhze 90stLy F oy b ZLve9zi ELveazt
905t'L B8aTL: - - Gl 1650821~
ety ceari— o _ 86°0 EHG6ZL Leg0RE—
£88y'L E6ES L~ - 960 PROEZEL
£6EGL eesgLr He R0 0€00 mm%
£655'2 Lus't -8 - #H.“ +0zZ'98} EHGBZL— -
Vel ~a T Meso za188pL—
0ZPE'L F LIEGEGI—
arl1g Lo
leele . - EH 91—
) PEZ6'L~ - ogg =
6s0v'e 0zZve L~ - PHOETEL — —
[a
lo
gLl 8~ - o=
Leel '8~ - bl 3
[
o - 0£00'GE}— -—
Cod
- iy
8508 — - 80 1022961 — L —
o Lo
Le &
=3
[
L+ Lo

T
13

138




(E)-2-(Benzothiazol-2-yl)-3-(3,4-difluorophenyl)acrylonitrile (50).
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(E)-2-(Benzothiazol-2-yl)-3-(2,5-difluorophenyl)acrylonitrile (Sp).
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(E)-2-(Benzothiazol-2-yl)-3-(furan-2-yl)acrylonitrile (5q)
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(E)-2-(Benzothiazol-2-yl)-3-(thiophen-2-yl)acrylonitrile (5r)
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6. HRMS Spectra Copies of Products

Product Sa

HRMS (ESI) m/z calcd for C;6H;oN2S*, (M+H) *263.0637, Found 263.0644.

263.0278 NL-
- B6.79E4
% HUCHENGXIAN-
263.0644 H504#139 RT: 062
80 r AV:1T:FTMS +p
ESI Fullms
3 70 [100.0000-750.0000]
e
3 60
2
5
£ 50
g
E 40,
T
r 30
20,
10
0
263.0637 NL:
b 7.92E5
* C1eH1oN2 S +H
C1gH11 N2 S
80 pa Chrg 1
70
60:
50
401
30
20
10
0

o R e A L LA e L e L T B s B
2620 2621 262.2 262.3 2624 2625 2626 2627 2628 2629 263.0 2631 2632 263.3 2634 2635 2636
miz

Product Sb

HRMS (ESI) m/z calcd for C17H12N,0OS™, (M+H) *293.0743, Found 293.0742.

299 0613 NL
100 1.63E8
% DZHY-W-5c#1 RT
000 AV-1 T FTMS
30 2930742 +p ESI Full lock ms
[50.0000-750.0000]
o 70
3
2
3 60
5
g 0
2
g 40
3
r 3
20 T 3000648
295.0897 0970247
10 | 3042610
2851387 280641 2000558 2 ?526 2919333 296093 [ 296.0260 301-?573 302145 ;
0 30743 NL
100 7825
90 C47H12N20S +H:
C17H13N20184
80 pa Chrg 1
70
60
50
40
30
20 2940777
10 2950701
2960735 207.0768  299.0760 300.0794
L B o o L e o e B e L L B B B R N

285 286 287 288 289 290 el 292 293 294 295 296 297 298 299 300 301 302 303 304 305

32



Product 5c¢

HRMS (ESI) m/z calcd for C7H12N,S", (M+H) *277.0794, Found 277.0795.

elauve Apunaance
o
>

263.0577

2655364

268.0171 269.1146

2742141
|

2730361

2770795

278.0830

2790752
276.0994 |

280.1696

283.0359

285.1387 288.0642
!

2770794

278.0828

279.0752

T
264

T
266

Product 5d

T
268 270

T T
272 274

| 2810819
T T
276 280

T
218

T
282

283.0811
T

T
284

T
286 288

@
NL:

2.76E8
DZGY-W-5a#1 RT:
0.00 AV 1T:

FTMS +p ESI Full
lock ms
[50.0000-750.0000]

NL:

7.84E5
Ca7H12N2 S+H:
Cy7H13N284
pa Chrg 1

T
290

HRMS (ESI) m/z calcd for C1cHoCIN,S*, (M+H) *297.0248, Found 297.0248.

Relative Abundance
[ R ST T R T e
5 o 8 h 8 & & &K 28

290.0555

291.0525

292.0560 2930930
"t i

295.0482 296.2587
L L

297.0248

297.2617

300.0648

298.0283

. J

3010572 3021446

304.0390
|

304.2611
304.5402

305.2644
“ 306.2769

297

248

2099.0218

298.0281

300.0252

3010176 0 010 3030043 3040002

306.0269

292

290

291

293 294

295 296 297

298 299
miz

300 302

33

304 305 306 307

NL:

1.80E8
DZHY-W-5b#60
RT:027 AV: 1 T:
FTMS +p ESIFul
lock ms
[50.0000-750.0000]

NL:

6.00E5
C1gHgCIN2 S +H:
C1aH1CliN2S4
pa Chrg1




Product Se

HRMS (ESI) m/z calcd for C17H12N,08", (M+H) *293.0743, Found 293.0742.

NL:
%7 2930742 6.28E7
— DZHY-W-5e#1 RT:
§ 0.00 AV: 1T FTMS
20 +p ESI Fulllock ms
1 3042611 [50.0000-750.0000]
g ]
5,1 300.0649
215
S
E
< ]
s ]
Z 104
[T
r o]
5 2940779 INEE
] 2051029 3010571 3022453
1 2880639 59 1415 2000320 i 296.0620 \ | I 304.0393
o T - i . i \
” 2030743 NL:
] 7.82E5
] C17H12N2 08 +H:
] C17H13N20184
" 2940777 pa Chrg 1
15
104
5] 205.0701
] 2980735 97 0768 2080802 200.0760 300,079
L T L B o o e I L B B o e I L B B S o e o o B e
289 200 201 292 293 294 205 300 02 303 304
miz
+ +
HRMS (ESI) m/z calcd for C17H12NoS*, (M+H) * 277.0794, Found 277.0794.
9
277.0794 NL:
1004 193E8
00 DZHY-W.5d41 RT:
1 000 AV-1T:
809 FTMS +p ESIFul
E lockms
o 703 [50.0000-750.0000]
g 79
© |
g 60 299.0613
2 504
2
5 301.0571
L E
E 4380804 3121957
20 2422843 2501027 2780828
o] 2801695  og8 0638 297.0513 315.0352
{ ooy | oom mome | g g oz Ll L %4500 somoers |
STTOT94 NL:
1004 784E5
909 CirHiN2 S +H:
] C17H13N254
80 pa Chrg 1
704
609
509
409
309
204 278.0828
104 279.0752
L L A o o I B L B L o o o L B I L s e B A o S B
20 245 250 255 260 265 270 275 280 285 200 285 300 305 30 315

miz
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Product 5g

HRMS (ESI) m/z calcd for C16HoN,FS*, (M+H) *281.0543, Found 281.0543.

Relative Abundance
]
]

10 2742740

276.2455

271?262 2752176
I

2720301

278.0828

2802634
2790750 ‘

bl

2810543

2820576
283.0358

{ 283.9674
: L

) 285.0316

288.0636 289.‘1618 290.2689
i 1

281.0543

2820577

283.0501

T T T T
270 272 214 276

Product Sh

2840535 2g50568 2870560 288.0594
T B A L e M i A R A M M
284 286 288 290

NL:

1.14E8
DZHY-W-5f+5i#16
RT:0.07 AV 1T.
FTMS +p ESI Full
lock ms
[50.0000-750.0000]

NL:

792E5
C1gHgFN2 S +H:
CisH1uF1N28y
pa Chrg 1

HRMS (ESI) m/z calcd for C17H12N20S", (M+H) *293.0743, Found 293.0746.

60: 2920824

Relative Abundance
o
3

291.0952

ol

2925832

293.0746

294.1857
294 9566

2940774
l 295 0863

2955387

293.0743

2940777

2950701

T
292.0

T
2925

L
T

T
295.0

35

T
2955

NL:

3.60E6
DZGY-W-5H#1 RT:
0.00 AV:1T:FTMS
+p ESI Fulllock ms
[50.0000-750.0000]

NL:

7.82E5

C17H12 N2 08 +H:
C17H13N2 0184
pa Chrg 1




Product 5i

HRMS (ESI) m/z calcd for C7H12N,S", (M+H) *277.0794, Found 277.0794.

277.079% NL
100 6.56E7
%0 DZHY-W-5i#1 RT:
0.00 AV:1T:
20 FTMS +p ESI Ful
lock ms
° 70 [50.0000-750.0000]
2
S 60
2
S
2 50
2
z 4
o)
x 30
20 278.0828
10 2742740
273.0266 | 2752773  276.0176 218.2453 279’?751 2801695 281.1728 2820584
mg 2770794 NL
7.84E5
90 C47H12N2S+H
C47H13N2$q
80: pa Chrg 1
70
60
50
40
30
20 278.0828
0 279.0752
L 280.0785 281.0819 282.0853
0= P T O e B e A e A A e e
273 274 275 276 217 278 279 280 281 282
miz

Product 5j

HRMS (ESI) m/z calcd for C1cHoN2FS*, (M+H) *281.0543, Found 281.0544.

@
2810544 NL
100 301E7
90 DZHY-W 56+51476
RT:034 AV 1T:
80 FTMS +p ESI Ful
lock ms
2 70 [50.0000-750.0000]
c
3 60
S 32780830
25
2
B 40
¢ 30 2822791
2 279.0754 2820578 283.0359 2839673
103 | 2782456 280.2635
i —— 2812676 2625328 i 2640744
0 PRI NL:
100 7925
90 CigHgFNg S +H:
CegH1oF1N2Sq
80 pa Chrg 1
70
60
50
a0
30
2 282.0577
10 283.0501
2840535
L B e e L S o o e e e e L B B o e L L B o e e L e o o LA A B o o
2780 2785 2790 2795 2800 2805 2810 2815 2820 2825 2830 2835 2840 2845
miz
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Product Sk

HRMS (ESI) m/z calcd for C16HoN>CIS*, (M+H) *297.0248, Found 297.0247.

297.0247 NL
100 1.53E7
%0 DZHY-W-5k#1 RT:
0.00 AV:1T:
80 FTMS +p ESIFul
lock ms
® 70 [50.0000-750.0000]
c
S 60
5
£ 50
2
£ 4
)
o 30
296.0936
20 298.0280
10 296.2583
2260 ’l 2965622 297.0695 2975710 2982744
0 Al i il A i i
297.0248 NL
100 6.00E5
90 C15Hg CIN2 S +H:
C15H1p Cl4 N2 84
80 pa Chrg 1
70
60
50
40
30
20 298.0281
10
o T T T T T T T T T T T T T T T T ™1
2954 2956 2958 2960 2962 2964 2966 2968 2970 2972 2974 2076 2078 2980 2982 2984
miz
+ +
HRMS (ESI) m/z calcd for C16HoN,BrS*, (M+H) *340.9743, Found 340.9742.
s
3429722 NL:
100 3409742 761E6
% HUCHENGXIAN-
H270#1 RT: 0.00
20 AV: 1 T: FTMS +p
ESI Full lock ms
@ 70 [50.0000-750.0000]
c
S 60
3 340.2821
2 50 : 3411051
2
5 40
3
&30 3439758
3419777
20
103 340.0917 3412867
0
3409743 NL
100 342.9722 4.02E5
90 C1HgBrN2 S +H:
C1H10BriN2S+
30 pa Chrg 1
70
60
50
40
30
20 3419776 343.9756
10
O e e T e e e e e e e e e e e e e
3400 3405 3410 3415 3420 3425 3430 3435 3440
miz
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Product Sm

HRMS (ESI) m/z calcd for C1sH14N,S", (M+H) *291.0950, Found 291.0950.

Relative Abundance

Relative Abundance

2990614 NL:
100 63267
DZHY-W-51+5m#29
%0 291.0950 B T,
80 FTMS +p ESIFul
lock ms
70 [50.0000-750.0000]
60
50
4
2930743
30
203 2820579 2920985 300.0651
2891199
10 283.0362 240775 5059977 20 3010573
. 2851011 2860873 2881289 2900611 L T 298 0534 i
108 T 0550 NL
7.75E5
90 C1gH1aN2 S+H:
CigH1sN2 S
80 pa Chrg 1
70
60
50
40 1
30
2 2920984
10 293.0908
2040942 2050976 297.0968 2981001
O e e e e T T e
282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301
miz
+ +
HRMS (ESI) m/z calcd for CigH14N2S™, (M+H) *291.0950, Found 291.0949.
2970949 NL
100 101E8
%0 DZHY-W-5H+5m#128
RT 057 AV 1T
80 FTMS + p ESI Ful
Jock ms
70 [50.0000-750.0000]
60
50
4
30 2930742
20 2020984
10 2911859
= 202.9813 | | 204.0776 295.0851
0 207.0950 NL:
7.75E5
90 CigH1aN2S+H
C1gH15N2Sq
80 T pa Chrg 1
70
60
50
4
30
2 2920984
10 293.0908
LS A L At AR Al Ay At RARSS A M At AR T e e e e M T T T
2910 2015 2920 2025 2930 2035 2040 2045 2950
miz
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Product S0

HRMS (ESI) m/z calcd for C16HsFaN»S*, (M+H) *299.0449, Found 299.0449.

@
NL:
6] 299.1491 1.34E7
] DZHY-W-5+5n+
b 50#87 RT:0.39 AV:
5] 1T:FTMS +p ESI
] Fulllock ms
2 ] AR [50.0000-750.0000]
4]
&4
2 ]
5 ]
2 1
<3
2]
]
- ] 299.0019 299.1616
<]
1
0 pisE NL
5] 793E5
] CisHgFaN2 S +H:
] CisHgF2N2 81
o] pa Chrg 1
4]
3]
2]
1]
e e et A e e A
299.00 299.02 299.04 299.06 299.08 299.10 299.12 299.14 299.16

miz

Product Sp

HRMS (ESI) m/z calcd for C1cHsF2N,S™, (M+Na) *321.0268, Found 321.0269.

@
19777 NL:
1004 8.00E6
e DZHY-W-5+5n+50487
E RT-030 AVAT:
809 | FTMS +p ESI Full lock
E 317.1151 ms
9 70 [50.0000-750.0000]
g 704
[u] |
2 8
=]
2 509 3210268
e
3 0]
¢ 307 320.0304
1 | 3086057 310.0206 3123810 3150563 518,186 3260208
201 60 ‘ 3139784 | 3150004 3169973 3299884
] ’ 3210833 3280316
10 SHRE “ ’ l REED 3270329 ‘ 5290724 | 5300824 333 1878
ol Py [ I [ I | T ‘ ] | L | ] m
TIT 0708 NL
1004 7.93E5
907 CisHs F2N2 § +Na:
] CisHgFaN2 81 Nay
BOE pa Chrg 1
709
607
507
403
303
209 3220302
103 323.0226
E | 3250204 3270286
O rgrrergrerereey e e premepreey e R e Prere ey e
308 310 2 314 316 318 320 322 324 326 328 330 332

miz
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Product 5q

HRMS (ESI) m/z calcd for C14HsN,SO, (M+H) *253.0430, Found 253.0431.

10 2490421 nga
%0 DZHY-W-5p#1 RT
000 AV-1T
80 FTMS +p ESI Ful
253.0431 2591028 lock ms
2 70 [50.0000-750.0000]
2
S 60
5
2 50
2
g 40 2450873
T
@ 30
2 260.1044
2540554
10 2441028 2460694 47 040 250.0458 2520089 56,0428 ‘ 261.1002
2430877 o J 2510428 ‘ \2565443 ‘ 2630575 2840214 o6 b7y
RE I T i T s P S B
2530430 NL:
100 8.08E5
90 C14HgN20S +H
C14HgN20154
80 pa Chrg 1
70
60
50
40
30
2 254 0464
10 255.0388
2560422 2580414 259.0447
0%y i P s b e e e 2 s g e
244 246 248 250 252 254 256 258 260 262 264 266
mz
+ +
HRMS (ESI) m/z calcd for Ci4HsN,S,", (M+Na) "291.0021, Found 291.0021.
@
NL
0 4.92E6
45 DZHY-W-5q#37 RT
016 AV 1T FTMS
40 +p ESI Fulllock ms
[50.0000-750.0000]
235
= 2910647
830 2900630
5
225
< 2910021
2
z
[
15
10
5
0
2970021 NL
0 7.69E5
45 C1aHgN2 So+Na:
C14HaN2S2Nay
40 paChrg1
35
30
2%
20
15
10
5
L et e et e e e e s e e e Bt e e e
2898 2899 2900 2901 2902 2903 2904 2905 2006 2007 2008 2009 2010 2011 2912 2913
miz
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Product 7

@
NL:
24 230E6
WANGLU-b5#67 RT:
22 S020038 303.1495 0.30 AV-1T: FTMS +
20 p ESI Full lock ms
[60.0000-900.0000]
» 18
8
€16
kel
514
3
<12
]
fm10
¢ 8
6
4
2
0 302 1502 NL
» 7.98E5
22 C15Hz4 N2 OS +Na
C15H24N201S1Naq
20 pa Chrg 1
18
16
14
12
10
8
6
4
2
L Aot ooy aans aanas aeans heoay Mot Mmoo o NS A o o ot e AN DM ASAAS ases aace haaes Aanes nuass aacad paots noas aesen Anony Mane nanas Aeca nesny one Annas seons
3020 302.2 3024 3026 302.8 303.0 3032 3034 3036
miz
@
4352043 NL:
100 435.2553 1.01E6
90 WANGLU-b5#111
RT:049 AV 1T
80 FTMS +p ESI Ful
ms
o 70 [60.0000-900.0000]
e
3 60
5
2 50
2
£
o}
¥ 30
20
10
0
NL:
100 71E5
90 Ca25H3g N4 OS +H:
Ca5H31N4 018
80- pa Chrg 1
70
60
50
40
30
20
10
L T B e o e e B o I LS A A e e e e e e B e e B e e B B e L UL B e B i ey s ) B B O
434.95 435.00 435.05 43510 43515 43520 43525 43530 435.35 43540 43545 43550 43555 43560
miz
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Product 9

@
NL
50 4.64E6
5 HUCHENGXIAN-
b6#110 RT: 0.49
40 AV-1T:FTMS +p
3442030 ESIFul ms
235 [100.0000-
2 750.0000]
S 30
2
5
%25
2
£20
3
X 15
10
0 3342043 NL
50 75065
45 C21Hzg NOS +H:
C21H30N101S4
40 pa Chrg 1
35
30
25
20
15
10
5
Orererremr e ——— - T ——— - e ——r
34385 34390 34395 344.00 34405 344.10 344.15 34420 34425 34430 34435 344.40
miz
3041154 NL
100 271E8
%0 HUCHENGXIAN-
BT#44 RT:0.20 AV:
80 1 T-FIMS +p ESI
Full lock ms
@ 70 [100.0000-750.0000]
e
8 60
2
5
£ 50
2
5 40
o
© 3p
305.1189
20
10 301.1409 306.1112
| 302.0177 | 307.1140
0 3041757 NL
100 761E5
%0 CaoH17 NS +H
CaoH1sN181
80 pa Chrg 1
70
60
50
40
30
305.1188
20
10
3061112 307.1146
O A A e s T A B s e LA e B B L B e RS A S A a a
3005 301.0 3015 3020 3025 303.0 3035 304.0 3045 3050 3055 306.0 306.5 307.0
miz
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