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1. General Information

'H NMR (TMS as the internal standard) were recorded on a Bruker AM 400 or 600
spectrometer, 3C NMR and '"F NMR (CFCl; as outside standard and low field is
positive) spectra were recorded on a Bruker AM 400 or 600 spectrometer. For the
determination of '"F NMR vyield, PhCF; was used as an internal standard and the
relaxation delay (d1) was set to 5 s. Chemical shifts (6) were reported in per million
(ppm), and coupling constants (J) were in Hertz (Hz). The following abbreviations
were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet. High resolution mass spectra (HRMS) were obtained on a GC-TOF
mass spectrometer.

Materials: Unless otherwise noted, all reagents were obtained commercially and used
without further purification. Substrates were purchased from commercial sources or
prepared according to literature procedures. Reactions were performed using

glassware that was flame-dried under vacuum.
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2. Preparation of ArOCF,CO,H and ArSCF,COH

Preparation of BrCF,COONa.

BrCF,CO,Et + NaOH > BrCF,CO5Na
MeOH

To a 500 mL oven-dried round-bottom flask equipped with a stir bar were added
sodium hydroxide (8.0 g, 200 mmol) and MeOH (180 mL). Then, BrCF,CO,Et (41.0
g, 202 mmol) was added to the resulting solution at 0 °C. Upon addition, the mixture
was warmed to room temperature and stirred for 24 h. The solvent was evaporated
under vacuum and the residue was further dried under reduced pressure to give
BrCF,CO,Na as a white solid (39.1 g, 99%).

General Procedures for the Synthesis of Aryloxydifluoroacetic acid
(ArOCF,CO;H) and Arylthiodifluoroacetic acid (ArSCF,CO,H).

R©/XH 1. NaH, 1,4-dioxane R©/ XCF,COOH
+ BrCFoCONa o

X=0orS 20r4

ArOCF,CO,H and ArSCF,CO,H were prepared following the reported procedures
(Zhou, M.; Ni, C.; He, Z.; Hu, J. Org. Lett. 2016, 18, 3754). To a 50 mL oven-dried
Schlenk tube equipped with a stir bar was added phenol (3.0 mmol, 1.0 equiv) or
thiophenol (3.0 mmol, 1.0 equiv) under N, atmosphere. 1,4-Dioxane (10.0 mL) was
added to dissolve the phenol or thiophenol. Then, NaH (60% purity) (132.0 mg, 3.3
mmol, 1.1 equiv) and 1,4-dioxane (2.0 mL) were added under N, atmosphere. The
solution was stirred at room temperature for 30 min. Then BrCF,COONa (647.1 mg,
3.3 mmol, 1.1 equiv) and 1,4-dioxane (3.0 mL) were added. After the mixture was
heated at 60-100 °C in an oil bath for hours (monitor by TLC), then the mixture was
cooled down to room temperature and acidified with 3M HCI (aq) to pH = 1. The
mixture was extracted with ethyl acetate for three times. The combined organic phase
was washed by saturated brines and dried over MgSQ,. After the solution was filtered
and the solvent was evaporated under vacuum, the crude product was purified by flash
column chromatography using petroleum ether and ethyl acetate as eluent to give the

product 2 or 4.
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3. Screening of the Solvents?®

CO,Et CO,Et
| N, F><F sAegI:(ngIu(cf? (ggl ;oq)uiv) R A
NT PhO”™ "CO,H  solvent, 90 °C, Ny, 20 h N
1a 2a 3a F F

entry solvent yield (%)?
1 DCE 0
2 H,O 50
3 MeCN 0
4 DMSO 0
5 DCE/H,O (1:1) 78
6 toluene/H,O (1:1) 60
7 MeCN/H,O (1:1) 6
8 MeOH/H,O (1:1) 0
9 DMSO/H,O0 (1:1) 0
10 DCE/H,0 (2:1) 73
1 DCE/H,O0 (1:2) 59

@Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), AgNO; (0.04 mmol), selectfluor (0.4
mmol), solvent (2.0 mL), N,, 90 °C, 20 h. *Yields were determined by '°F NMR spectroscopy
using trifluoromethoxybenzene as an internal standard.
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4. General Procedures for Aryloxydifluoromethylation of

Heteroarenes
=
AgNO3 (20 mol %) R F 1R
H o X OCF2CO0H  gejectfluor (2.0 equiv.) - o X
+ —_— -
= DCE/H,0 (1:1)
1 2 90 °C, N,, Sealed tube 3

To a sealed tube equipped with a stir bar were added 1 (0.6 mmol, 1.0 equiv), AgNO;
(20.4 mg, 0.12 mmol, 20 mol%), and selectfluor (425.1 mg, 1.2 mmol, 2.0 equiv).
The tube was evacuated and backfilled with pure N, for three times. Then
aryloxydifluoroacetic acid 2 (1.8 mmol, 3.0 equiv) in DCE/H,O (3.0/3.0 mL) were
added. The tube was sealed and the mixture was heated at 90 °C in an oil bath for 20
h. After the reaction was complete, saturated NaHCO; solution was added. The
resulting mixture was extracted with ethyl acetate for three times. The combined
organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The resulting residue was purified by silica gel flash column

chromatography to give the product 3.

Ethyl 2-(difluoro(phenoxy)methyl)isonicotinate (3a)
CO,Et

Sy o\©

FF

3a
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3a (105.5 mg, 60%) as a yellowish liquid. '"H NMR
(400 MHz, CDCls) 6 ppm 8.78 (d, /= 4.9 Hz, 1H), 8.24 (s, 1H), 7.90 (dd, J=4.9, 1.3
Hz, 1H), 7.28-7.20 (m, 4H), 7.14-7.06 (m, 1H), 4.33 (q, J = 7.1 Hz, 2H), 1.30 (t, J =
7.1 Hz, 3H); 1°F NMR (377 MHz, CDCl;) 8 ppm -70.26 (s, 2F); 3C NMR (101 MHz,
CDCls) 6 ppm 163.1, 151.1 (t, J = 34.3 Hz), 149.5, 149.1, 138.2, 128.4, 124.9, 123.9,
121.1, 119.2 (t, J= 2.8 Hz), 118.6 (t,J =264.6 Hz), 114.4, 61.2, 13.1; IR (thin film) v
1728, 1592, 1491, 1326, 1249, 1150, 1055, 897, 762, 689 cm!; MS (ESI): m/z 294
[M+H]"; HRMS (ESI) m/z: [M+H]" Caled. for C;sH4F,NO; 294.0936; Found
294.0934.
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2-(Difluoro(phenoxy)methyl)isonicotinonitrile (3b),
3-(Difluoro(phenoxy)methyl)isonicotinonitrile (3b’)

CNFF

ﬁj*

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 8:1) to afford 3b (69.3 mg, 47%) and 3b' (35.4 mg, 24%) as
yellowish liquids.

3b: 'H NMR (400 MHz, CDCl5) 6 ppm 8.96 (d, J = 4.9 Hz, 1H), 8.05 (s, 1H), 7.71 (d,
J=4.8 Hz, 1H), 7.42-7.38 (m, 2H), 7.32-7.27 (m, 3H); ’F NMR (377 MHz, CDCl;)
d ppm -70.49 (s, 2F); 3C NMR (101 MHz, CDCls) & ppm 152.7 (t, J = 35.1 Hz),
150.8, 149.8, 129.6, 127.3, 126.3, 122.8 (t, J = 2.9 Hz), 122.0, 118.9 (t,J=265.1 Hz),
115.7; IR (thin film) v 1592, 1491, 1415, 1321, 1199, 1153, 1056, 854, 739, 688 cm’!;
MS (ESI): m/z 247 [M+H]"; HRMS (ESI) m/z: [M+H]* Calcd. for C;3HoF,N,O
247.0677; Found 247.0673.

3b’: TH NMR (400 MHz, CDCl;) 6 ppm 9.22 (s, 1H), 8.99 (d, J = 4.8 Hz, 1H), 7.75
(d, J = 4.8 Hz, 1H), 7.45-7.39 (m, 3H), 7.35-7.23 (m, 2H); 'F NMR (377 MHz,
CDCl;) & ppm -65.94 (s, 2F); 13C NMR (101 MHz, CDCl;) 8 ppm 152.8, 149.6,
147.9 (t, J= 5.3 Hz), 129.7, 127.0, 126.6, 122.2, 119.8 (t, /= 265.0 Hz), 119.1, 114.1;
IR (thin film) v 1589, 1490, 1278, 1190, 1138, 1060, 837, 739, 687 cm!; MS (ESI):
m/z 247 [M+H]"; HRMS (ESI) m/z: [M+H]* Calcd. for C;3HoF,N,0 247.0677; Found
247.0672.

1-(2-(Difluoro(phenoxy)methyl)pyridin-4-yl)ethan-1-one 3c),
1-(3-(Difluoro(phenoxy)methyl)pyridin-4-yl)ethan-1-one (3¢’)

ACFF

fj*

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 5:1) to afford 3¢ (88.4 mg, 56%) as a yellowish solid and 3¢’ (28.4
mg, 18%) as a yellowish liquid.

3c
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3c¢: m.p. 57-59 °C; TH NMR (400 MHz, CDCl;) 6 ppm 8.84 (d, /= 4.9 Hz, 1H), 8.13
(s, 1H), 7.80 (d, J = 4.9 Hz, 1H), 7.31-7.27 (m, 2H), 7.23 (d, J = 8.0 Hz, 2H),
7.18-7.15 (m, 1H), 2.59 (s, 3H); YF NMR (377 MHz, CDCl;) 6 ppm -70.26 (s, 2F);
BC NMR (101 MHz, CDCl3) 6 ppm 195.2, 151.6 (t,J = 34.3 Hz), 149.9, 149.1, 143.1,
128.5, 125.0, 122.3, 121.1, 118.6 (t, J = 264.7 Hz), 117.5 (t, J = 2.8 Hz), 25.7; IR
(thin film) v 1696, 1588, 1489, 1323, 1239, 1165, 1053, 855, 748, 688 cm!; MS (ESI):
m/z 264 [M+H]*; HRMS (ESI) m/z: [M+H]" Calcd. for C4H,F,NO, 264.0831;
Found 264.0825.

3c¢’: 'TH NMR (400 MHz, CDCl3) 6 ppm 9.00 (s, 1H), 8.78 (s, 1H), 7.34-7.30 (m, 2H),
7.22-7.18 (m, 4H), 2.53 (s, 3H). 'F NMR (377 MHz, CDCl;) 6 ppm -61.73 (s, 2F).
I3C NMR (101 MHz, CDCl;) 8 ppm 199.9, 151.6, 148.6, 1 47.1 (t, J= 5.0 Hz), 146.9,
128.6, 125.3, 120.9, 119.9 (t, J = 264.7 Hz), 118.7, 29.9. IR (thin film) v 1712, 1591,
1491, 1325, 1283, 1190, 1049, 1026, 732, 688 cm!'; MS (ESI): m/z 264 [M+H]*;
HRMS (ESI) m/z: [M+H]" Calcd. for C4H,F,NO, 264.0831; Found 264.0825.

4-(Tert-butyl)-2-(difluoro(phenoxy)methyl)pyridine (3d)
-Bu

\N O
FF

3d

=

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3d (69.9 mg, 42%) as a yellowish solid. m.p. 54-56
°C; 'TH NMR (400 MHz, CDCl;) 6 ppm 8.65 (d, J = 5.2 Hz, 1H), 7.77 (s, 1H), 7.41
(dd, J = 5.2, 1.8 Hz, 1H), 7.38-7.32 (m, 4H), 7.24-7.20 (m, 1H), 1.33 (s, 9H); °F
NMR (377 MHz, CDCls) 8 ppm -70.30 (s, 2F); 3C NMR (101 MHz, CDCl3) 6 ppm
161.8, 151.1 (t, J = 33.1 Hz), 150.4, 149.6, 129.4, 125.8, 122.6, 122.3, 120.2 (t, J =
264.5 Hz), 117.8 (t, J = 2.9 Hz), 35.0, 30.4; IR (thin film) v 1777, 1592, 1491, 1324,
1259, 1161, 1051, 869, 733, 688 cm™!'; MS (ESI): m/z 278 [M+H]"; HRMS (ESI) m/z:
[M+H]* Calcd. for C;sH;gF,NO 278.1351; Found 278.1345.

2-(Difluoro(phenoxy)methyl)-4-phenylpyridine (3e)
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=

S o@

FF

3e
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3e (67.7 mg, 38%) as a yellowish liquid. "H NMR
(400 MHz, CDCl3) & ppm 8.79 (d, J = 5.1 Hz, 1H), 8.01 (s, 1H), 7.69-7.64 (m, 3H),
7.54-7.46 (m, 3H), 7.40-7.34 (m, 4H), 7.27-7.22 (m, 1H); "F NMR (377 MHz,
CDCl3) 6 ppm -70.31 (s, 2F); 3C NMR (101 MHz, CDCl3) 6 ppm 151.9 (t, J=33.5
Hz), 150.3, 150.2, 150.0, 137.3, 129.7, 129.5, 129.3, 127.2, 125.9, 123.5, 122.2, 120.1
(t,J=264.6 Hz), 118.9 (t, J = 2.8 Hz); IR (thin film) v 1602, 1490, 1413, 1330, 1256,
1147, 1048, 849, 760, 688 cm!; MS (ESI): m/z 298 [M+H]"; HRMS (ESI) m/z:
[M+H]" Caled. for CisH4F,NO 298.1038; Found 298.1035.

2-(Difluoro(phenoxy)methyl)-6,7-dihydro-SH-cyclopenta|b]pyridine (3f)

Chec
FF

3f
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 8:1) to afford 3f (84.6 mg, 54%) as a yellowish liquid. "H NMR
(400 MHz, CDCl3) 6 ppm 8.39 (d, J = 5.1 Hz, 1H), 7.30-7.26 (m, 3H), 7.17-7.13 (m,
3H), 3.12 (t, J = 7.5 Hz, 2H), 2.99 (t, J = 7.8 Hz, 2H), 2.11-2.04 (m, 2H); 'F NMR
(377 MHz, CDCl;) & ppm -67.86 (s, 2F); 3C NMR (101 MHz, CDCl;) & ppm 167.8,
150.1, 148.2, 137.4 (t, J = 33.2 Hz), 134.2, 129.5, 125.9, 121.8, 121.3 (t, J = 264.3
Hz), 117.0 (t, J = 4.4 Hz), 34.1, 30.0, 22.7; IR (thin film) v 1593, 1491, 1393, 1305,
1203, 1139, 1204, 1140, 1044, 831, 732, 689 cm; MS (ESI): m/z 262 [M+H]";
HRMS (ESI) m/z: [M+H]" Calcd. for C,5H4F,NO 262.1038; Found 262.1036.

3-(Difluoro(phenoxy)methyl)-2,6-dimethylpyridine (3g)

g
Me/ o

N |
Me 39
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The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3g (76.2 mg, 51%) as a yellowish liquid. "H NMR
(400 MHz, CDCls) 6 ppm 7.30-7.26 (m, 2H), 7.21 (s, 2H), 7.18-7.13 (m, 3H), 2.51 (s,
6H); ’F NMR (377 MHz, CDCls) 6 ppm -67.32 (s, 2F); 13C NMR (101 MHz, CDCl;)
o ppm 157.8, 149.0, 141.3 (t, J = 32.9 Hz), 128.5, 124.9, 120.9, 120.0 (t, J = 263.6
Hz), 118.6, 115.5 (t, J=3.5 Hz), 114.6, 23.4; IR (thin film) v 1588, 1491, 1387, 1346,
1234, 1142, 1049, 865, 728, 689 cm™!'; MS (ESI): m/z 250 [M+H]"; HRMS (ESI) m/z:
[M+H]* Caled. for C4H4F,NO 250.1038; Found 250.1036.

2-(Difluoro(phenoxy)methyl)pyrazine (3h)
N
(]
\NJYO
FF
3h

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3h (60.0 mg, 45%) as a yellowish liquid. "H NMR
(400 MHz, CDCl;) 6 ppm 9.02 (s, 1H), 8.71 (s, 1H), 8.66 (s, 1H), 7.34-7.31 (m, 2H),
7.26-7.18 (m, 3H); F NMR (377 MHz, CDCl3) 8 ppm -69.91 (s, 2F); 3C NMR
(101 MHz, CDCl;) 6 ppm 148.8, 145.8, 145.8 (t, J=34.2 Hz), 143.1, 141.4 (t, J=3.2
Hz), 128.5, 125.2, 121.0, 118.3 (t, J = 264.6 Hz); IR (thin film) v 1591, 1491, 1326,
1190, 1058, 1017, 859, 754, 723, 689 cm!; MS (ESI): m/z 223 [M+H]*; HRMS (ESI)
m/z: [M+H]" Calcd. for C;{HoF,;N,O 223.0677; Found 223.0676.

3-(Difluoro(phenoxy)methyl)pyridazine (3i)

“(\Nj\gofj
FF

3i
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 5:1) to afford 3i (53.3 mg, 40%) as a yellowish liquid. '"H NMR
(400 MHz, CDCl3) 6 ppm 9.46 (s, 1H), 9.33 (d, /= 5.2 Hz, 1H), 7.70 (d, J = 3.9 Hz,
1H), 7.33-7.29 (m, 2H), 7.21-7.17 (m, 3H); F NMR (377 MHz, CDCl3) & ppm
-66.98 (s, 2F); 3C NMR (101 MHz, CDCls) 6 ppm 150.6, 148.4, 146.6 (t, J= 2.9 Hz),
131.3 (t, J=35.1 Hz), 128.7, 125.5, 121.5 (t, J = 3.5 Hz), 120.8, 119.0 (t, J = 263.8
Hz); IR (thin film) v 1592, 1491, 1363, 1322, 1152, 1046, 865, 748, 706, 688 cm’!;
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MS (ESI): m/z 223 [M+H]; HRMS (ESI) m/z: [M+H]" Caled. for CyHoF,N,0
223.0677; Found 223.0676.

2-(Difluoro(phenoxy)methyl)-1,5-naphthyridine (3j)

/N/

&):N)YO\O
FF

3j
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 5:1) to afford 3j (106.1 mg, 65%) as a yellowish liquid. "H NMR
(400 MHz, CDCl3) & ppm 9.15 (dd, J = 4.0, 1.3 Hz, 1H), 9.06 (d, J = 4.3 Hz, 1H),
8.45 (dd, J=8.5, 1.3 Hz, 1H), 8.01 (d, /=4.4 Hz, 1H), 7.68 (dd, J = 8.5, 4.1 Hz, 1H),
7.39-7.32 (m, 4H), 7.21-7.18 (m, 1H); Y’F NMR (377 MHz, CDCl;) & ppm -64.46 (s,
2F); 3C NMR (101 MHz, CDCl;) 6 ppm 151.7, 150.7, 150.4, 144.6, 139.9, 138.4 (t,
J =31.5 Hz), 137.6, 129.5, 125.9, 124.8, 122.1, 121.7 (t, J = 5.1 Hz), 121.0 (t, J =
265.0 Hz); IR (thin film) v 1593, 1492, 1319, 1270, 1200, 1135, 974, 869, 736, 648
cml; MS (ESI): m/z 273 [M+H]*; HRMS (ESI) m/z: [M+H]" Calcd. for CsH;;F,N,O
273.0834; Found 273.0832.

6-(Difluoro(phenoxy)methyl)phenanthridine (3k)

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 15:1) to afford 3k (61.8 mg, 32%) as a white solid. m.p. 78-80 °C;
'TH NMR (400 MHz, CDCl3) 8 ppm 8.55 (d, J= 8.3 Hz, 1H), 8.50 (d, J = 8.3 Hz, 1H),
8.42 (d, J = 8.0 Hz, 1H), 8.20 (d, J = 8.1 Hz, 1H), 7.73-7.71 (m, 1H), 7.67-7.58 (m,
3H), 7.33-7.24 (m, 4H), 7.13-7.09 (m, 1H); "F NMR (377 MHz, CDCl;) 6 ppm
-67.21 (s, 2F); 13C NMR (101 MHz, CDCl;) & ppm 149.4, 148.2 (t, J = 31.5 Hz),
140.8, 132.9, 129.9, 128.5, 128.0, 127.6, 126.6, 125.8 (t, J = 2.9 Hz), 124.7, 123.9,
121.3,121.2, 120.9, 120.6, 119.3 (t, J = 265.1 Hz); IR (thin film) v 1589, 1490, 1374,
1255, 1063, 865, 789, 724, 687 cm™'; MS (ESI): m/z 322 [M+H]"; HRMS (ESI) m/z:
[M+H]" Caled. for C,0Hi4F,NO 322.1038; Found 322.1034. These assignments
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matched with those previously reported (Xiao, P.; Ni, C.; Miao, W.; Zhou, M.; Hu, J.;
Chen, D.; Hu, J. J. Org. Chem. 2019, 84, 8345).

3-(Difluoro(phenoxy)methyl)-2 H-chromen-2-one (31)
0.0

CCs

0

3l
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 8:1) to afford 31 (60.5 mg, 35%) as a white solid. m.p. 100-102 °C;
'TH NMR (600 MHz, CDCl3) & ppm 8.25 (s, 1H), 7.67-7.62 (m, 2H), 7.41-7.34 (m,
6H), 7.28-7.26 (m, 1H); F NMR (565 MHz, CDCl;) 8 ppm -69.13 (s, 2F); 13C
NMR (101 MHz, CDCls) & ppm 156.5, 154.6, 150.0, 142.7 (t, J = 5.0 Hz), 133.7,
129.5, 129.3, 126.1, 125.0, 122.2, 120.5 (t, J = 33.2 Hz), 119.5 (t, J = 264.6 Hz),
117.3, 116.9; IR (thin film) v 1728, 1636, 1568, 1489, 1249, 1042, 962, 745, 689 cm™!;
MS (ESI): m/z 289 [M+H]"; HRMS (ESI) m/z: [M+H]* Calcd. for C;¢H;,F,0;
289.0671; Found 289.0669.

2-(Difluoro(phenoxy)methyl)naphthalene-1,4-dione (3m)

(0]

°

0
3m

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3m (135 mg, 75%) as a bright yellow solid. m.p.
88-90 °C; 'TH NMR (400 MHz, DMSO-d6) & ppm 8.09 (d, J = 6.5 Hz, 1H), 8.04 (d, J
= 8.2 Hz, 1H), 7.99-7.89 (m, 2H), 7.50-7.46 (m, 3H), 7.35-7.32 (m, 3H); '°’F NMR
(377 MHz, CDCl;) & ppm -68.47 (s, 2F); 3C NMR (101 MHz, CDCl;) 6 ppm 184.3,
180.3, 149.7, 139.2 (t, J = 30.3 Hz), 136.5 (t, /= 4.9 Hz), 134.7, 134.3, 132.1, 131.6,
129.6, 127.0, 126.4, 126.2, 122.2, 119.0 (t, J = 265.9 Hz); IR (thin film) v 1664, 1590,
1366, 1149, 1062, 929, 781, 683 cm’!; MS (ESI): m/z 323 [M+Na]"; HRMS (ESI)
m/z: [M+Na]* Calcd. for C;;H;oF,NaO3 323.0490; Found 323.0483.

2-((4-(Tert-butyl)phenoxy)difluoromethyl)naphthalene-1,4-dione (3ma)
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0

o
0L
© t-Bu

3ma

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3ma (119.6 mg, 56%) as a yellow solid. m.p. 84-86
°C; 'TH NMR (400 MHz, CDCl;)  ppm 8.18 (d, J = 6.9 Hz, 1H), 8.10 (d, /= 6.8 Hz,
1H), 7.83-7.80 (m, 2H), 7.40-7.38 (m, 3H), 7.22 (d, J = 8.5 Hz, 2H), 1.32 (s, 9H); °F
NMR (377 MHz, CDCls) 8 ppm -68.47 (s, 2F); 3C NMR (101 MHz, CDCl3) 6 ppm
184.4, 180.3, 149.1, 147.3, 139.4 (t, J = 30.9 Hz), 136.5 (t, J = 4.9 Hz), 134.6, 134.2,
132.1, 131.6, 127.0, 126.4, 126.3, 121.6, 119.0 (t, J = 265.7 Hz), 34.5, 31.4; IR (thin
film) v 1671, 1594, 1508, 1364, 1245, 1152, 1065, 923, 779, 717 cm’!; MS (ESI): m/z
379 [M+Na]*; HRMS (ESI) m/z: [M+Na]" Calcd. for C,1H;sF,NaO3 379.1116; Found
379.1109.

2-(Difluoro(4-fluorophenoxy)methyl)naphthalene-1,4-dione (3mb)
0]

L,
XL
° F

3mb

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3mb (152.6 mg, 80%) as a bright yellow solid. m.p.
109-111 °C; TH NMR (400 MHz, CD3;CN) 8 ppm 8.15 (d, /= 6.9 Hz, 1H), 8.08 (d, J
= 7.8 Hz, 1H), 7.95-7.85 (m, 2H), 7.43 (s, 1H), 7.36 (dd, J = 8.6, 4.5 Hz, 2H),
7.22-7.18 (m, 2H); 'F NMR (377 MHz, CDsCN) & ppm -69.10 (s, 2F), -117.54—
-117.75 (m, 1F); 3C NMR (101 MHz, CDCl;) & ppm 184.2, 180.2, 160.6 (d, J =
246.4 Hz), 145.4, 139.1 (t, J = 31.3 Hz), 136.6 (t, J = 5.0 Hz), 134.6, 134.3, 132.1,
131.6, 127.0, 126.4, 123.9 (d, J = 8.0 Hz), 118.9 (t, J = 266.7 Hz), 116.2 (d, J = 23.5
Hz); IR (thin film) v 1666, 1591, 1501, 1369, 1142, 1048, 922, 777, 716 cm’'; MS
(ESI): m/z 341 [M+Na]*; HRMS (ESI) m/z: [M+Na]® Calcd. for C;7H¢F;NaO;
341.0396; Found 341.0391.

2-((4-Chlorophenoxy)difluoromethyl)naphthalene-1,4-dione (3mc)
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The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3mc (156.3 mg, 78%) as a bright yellow solid. m.p.
98-100 °C; '"H NMR (400 MHz, CD;CN) & ppm 8.14 (d, J= 6.6 Hz, 1H), 8.08 (d, /=
6.8 Hz, 1H), 7.93-7.87 (m, 2H), 7.3-7.40 (m, 3H), 7.33 (d, /= 8.4 Hz, 2H); 'F NMR
(377 MHz, CD3CN) 8 ppm -68.95 (s, 2F); 3C NMR (101 MHz, CDCl;) 6 ppm 184.2,
180.2, 148.1, 139.0 (t, J = 30.3 Hz), 136.6 (t,J = 5.1 Hz), 134.7, 134.3, 132.0, 131.8,
131.6, 129.6, 127.0, 126.4, 123.6, 119.0 (t, J = 266.6 Hz); IR (thin film) v 1670, 1597,
1489, 1370, 1248, 1072, 918, 778, 714 cm™!'; MS (EI): m/z 334 M*; HRMS (EI) m/z:
M* Calcd. for C,7HyCIF,05 334.0203; Found 334.0204.

2-((4-Bromophenoxy)difluoromethyl)naphthalene-1,4-dione (3md)
O

U,
XL
© Br

3md

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3md (161 mg, 71%) as a yellow solid. m.p. 102-104
°C; TH NMR (400 MHz, CDCl3) 6 ppm 8.18 (d, /= 7.0 Hz, 1H), 8.11 (d, J= 7.1 Hz,
1H), 7.85-7.81 (m, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.37 (s, 1H), 7.20 (d, J = 8.4 Hz,
2H); F NMR (377 MHz, CDCl;) 6 ppm -68.92 (s, 2F); 3C NMR (101 MHz, CDCl;)
o ppm 184.2, 180.2, 148.7, 138.9 (t, J = 30.3 Hz), 136.6 (t, J = 5.0 Hz), 134.7, 134.4,
132.7, 132.0, 131.5, 127.0, 126.4, 124.0, 119.5, 118.9 (t, J = 266.8 Hz); IR (thin film)
v 1671, 1587, 1488, 1371, 1143, 1050, 919, 775, 669 cm’!; MS (EI): m/z 378 M*;
HRMS (EI) m/z: M* Caled. for C{;HyBrF,05 377.9698; Found 377.9694.

2-(Difluoro(m-tolyloxy)methyl)naphthalene-1,4-dione (3me)
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O

O‘ 0] Me
0y

3me

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 3me (135.6 mg, 72%) as a yellow solid. m.p. 87-89
°C; TH NMR (600 MHz, CDCl;)  ppm 8.15 (d, J = 6.1 Hz, 1H), 8.07 (d, J = 6.0 Hz,
1H), 7.81-7.76 (m, 2H), 7.36 (s, 1H), 7.27-7.24 (m, 1H), 7.13-7.11 (m, 1H), 7.06 (d, J
= 7.6 Hz, 2H), 2.37 (s, 3H); ’F NMR (565 MHz, CDCl;) 6 ppm -68.36 (s, 2F); 13C
NMR (101 MHz, CDCl;) 6 ppm 184.1, 180.2, 149.6, 139.8, 139.2 (t, J = 30.8 Hz),
136.5 (t, J = 4.9 Hz), 134.6, 134.3, 132.0, 131.5, 129.3, 127.0, 126.9, 126.3, 122.8,
119.1, 118.9 (t, J = 265.6 Hz), 21.3; IR (thin film) v 1671, 1593, 1488, 1364, 1246,
1146, 1055, 919, 779, 686 cm™'; MS (ESI): m/z 337 [M+Na]"; HRMS (ESI) m/z:
[M+Na]* Calcd. for CisH;,F,NaO; 337.0647; Found 337.0641.
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5. General Procedures for Arylthiodifluoromethylation of

Heteroarenes
rRF

AgNO3 (20 mol %) TR
R
= DCE/H50 (1:1)

50 °C, N,, Sealed tube
1 4 5

To a sealed tube equipped with a stir bar were added 1 (0.6 mmol, 1.0 equiv), AgNO;
(20.4 mg, 0.12 mmol, 20 mol %), and K;,S,0g (324.4 mg, 1.2 mmol, 2.0 equiv). The
tube was evacuated and backfilled with pure N, for three times. Then
arylthiodifluoroacetic acid 4 (1.8 mmol, 3.0 equiv) in DCE/H,0O (3.0/3.0 mL) were
added. The tube was sealed and the mixture was heated at 50 °C in an oil bath for 20
h. After the reaction was complete, saturated NaHCO; solution was added. The
resulting mixture was extracted with ethyl acetate for three times. The combined
organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The resulting residue was purified by silica gel flash column

chromatography to give the product S.

Ethyl 2-(difluoro(phenylthio)methyl)isonicotinate (5a)
CO,Et

=
S s@

FF

5a
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 5a (142.8 mg, 77%) as a yellowish liquid. '"H NMR
(400 MHz, CDCls) 6 ppm 8.85 (d, J=4.9 Hz, 1H), 8.13 (s, 1H), 7.96 (dd, J=4.9, 1.0
Hz, 1H), 7.68-7.65 (m, 2H), 7.46-7.42 (m, 1H), 7.40-7.36 (m, 2H), 4.43 (q, /= 7.1 Hz,
2H), 1.42 (t,J= 7.1 Hz, 3H); ’F NMR (377 MHz, CDCl3) 6 ppm -74.79 (s, 2F); 13C
NMR (151 MHz, CDCl;) 6 ppm 164.1, 154.4 (t, J = 28.2 Hz), 150.3, 139.1, 136.8,
130.2, 129.1, 126.3, 126.2 (t, J = 278.8 Hz), 124.7, 119.6 (t, J = 3.2 Hz), 62.2, 14.2;
IR (thin film) v 1727, 1566, 1368, 1307, 1224, 1016, 961, 867, 749 cm!; MS (ESI):
m/z 310 [M+H]"; HRMS (ESI) m/z: [M+H]" Calcd. for C,sH4F,NO,S 310.0708;
Found 310.0706.
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2-(Difluoro(phenylthio)methyl)isonicotinonitrile (5b)
CN

N s
N
FF

5b

=

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 8:1) to afford Sb (102.2 mg, 65%) as a white solid. m.p. 80-82 °C;
TH NMR (400 MHz, CDCl3) 6 ppm 8.89 (d, J = 4.9 Hz, 1H), 7.75 (s, 1H), 7.64-7.61
(m, 3H), 7.49-7.45 (m, 1H), 7.41-7.37 (m, 2H); °’F NMR (377 MHz, CDCl3) é ppm
-75.64 (s); 3C NMR (151 MHz, CDCl3) 6 ppm 154.9 (t, J = 28.9 Hz), 150.6, 136.8,
130.5, 129.3, 127.0, 125.7, 125.6 (t, J = 279.3 Hz), 122.0, 121.7, 115.6; IR (thin film)
v 1599, 1473, 1289, 1048, 969, 860, 804, 710, 640 cm™!; MS (ESI): m/z 263 [M+H]*;
HRMS (ESI) m/z: [M+H]" Caled. for C;3HoF,;N,S 263.0449; Found 263.0448.

1-(2-(Difluoro(phenylthio)methyl)pyridin-4-yl)ethan-1-one (5c)
Ac
=

S S©

FF

5c
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 5:1) to afford 5¢ (95.4 mg, 57%) as a yellow liquid. "TH NMR (400
MHz, CDCl;) 6 ppm 8.89 (d, J = 5.0 Hz, 1H), 7.97 (s, 1H), 7.83 (d, J = 4.9 Hz, 1H),
7.65 (d, J = 7.2 Hz, 2H), 7.47-7.43 (m, 1H), 7.40-7.37 (m, 2H), 2.62 (s, 3H); °F
NMR (377 MHz, CDCl3) 6 ppm -74.95 (s, 2F); 3C NMR (151 MHz, CDCl3) 6 ppm
196.1, 154.8 (t, J = 28.2 Hz), 150.8, 144.0, 136.8, 130.2, 129.1, 126.3, 126.2 (t, J =
278.8 Hz), 122.9, 118.0 (t, J = 3.2 Hz), 26.7; IR (thin film) v 1698, 1560, 1360, 1295,
1213, 1054, 947, 847, 690 cm’!; MS (ESI): m/z 280 [M+H]*; HRMS (ESI) m/z:
[M+H]* Caled. for C4H;,F,NOS 280.0602; Found 280.0600.

1-(6-(Difluoro(phenylthio)methyl)pyridin-2-yl)ethan-1-one (5n)

AC/EN\/§S
FF

5n
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The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 5:1) to afford 5n (100.4 mg, 60%) as a yellow liquid. '"H NMR
(400 MHz, CDCl;) & ppm 8.63 (d, J = 5.0 Hz, 1H), 8.05 (s, 1H), 7.47-7.43 (m, 3H),
7.36-7.32 (m, 1H), 7.28-7.24 (m, 2H), 2.63 (s, 3H); 'F NMR (377 MHz, CDCl;)
ppm -75.05 (s, 2F); 13C NMR (101 MHz, CDCl;) 8 ppm 198.9, 154.1, 149.5, 145.1 (4,
J=27.2Hz), 136.6, 130.5, 129.3, 126.1 (t, J = 280.1 Hz), 126.0, 122.7 (t, /= 4.2 Hz),
117.8 (t, J = 4.4 Hz), 25.8; IR (thin film) v 1700, 1353, 1213, 1052, 906, 845, 749,
659, 589 cm!; MS (ESI): m/z 280 [M+H]"; HRMS (ESI) m/z: [M+H]" Calcd. for
C14H1,F,NOS 280.0602; Found 280.0600.

2-(Difluoro(phenylthio)methyl)-4-methylquinoline (50)
Me

=
S S@

FF

50
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford So (81.3 mg, 45%) as a white solid. m.p. 79-81 °C;
'TH NMR (400 MHz, CDCl3) 8 ppm 8.37 (d, J= 8.3 Hz, 1H), 7.99 (d, J = 8.4 Hz, 1H),
7.66-7.62 (m, 1H), 7.52-7.47 (m, 3H), 7.34-7.23 (m, 4H), 2.60 (s, 3H); '°’F NMR (377
MHz, CDCl3) 6 ppm -71.27 (s, 2F); 13C NMR (101 MHz, CDCl3) 6 ppm 157.1, 147.7,
138.4 (t, J = 24.1 Hz), 135.5, 129.3, 128.7, 128.4, 128.1, 128.0, 125.5 (t, J = 280.1
Hz), 125.4, 124.1 (t, J = 3.0 Hz), 120.7, 117.8 (t, J = 6.7 Hz) 24.3; IR (thin film) v
1603, 1510, 1440, 1329, 1236, 1134, 1024, 964, 750, 642 cm™'; MS (ESI): m/z 302
[M+H]"; HRMS (ESI) m/z: [M+H]* Caled. for C;H;4F,NS 302.0810; Found
302.0807.

2-(Difluoro(phenylthio)methyl)pyrazine (5h)
N
C
\N%(S
FF
5h

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 8:1) to afford Sh (42.8 mg, 30%) as a yellow solid. m.p. 62-64 °C;
'TH NMR (400 MHz, CDCl;) & ppm 8.74 (s, 1H), 8.62-8.59 (m, 2H), 7.55 (d, J=17.3

Hz, 2H), 7.39-7.36 (m, 1H), 7.32-7.29 (m, 2H); ’F NMR (377 MHz, CDCI;) 8 ppm
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-75.90 (s, 2F); 13C NMR (101 MHz, CDCl;) 6 ppm 147.9 (t, J = 28.5 Hz), 1454,
142.8, 140.8 (t, J = 3.8 Hz), 135.8, 129.4, 128.2, 124.8 (t, J = 279.5 Hz), 124.7; IR
(thin film) v 1475, 1407, 1283, 1078, 1018, 927, 849, 747, 688 cm™'; MS (ESI): m/z
239 [M+H]"; HRMS (ESI) m/z: [M+H]" Calcd. for C;;HoF,;N,S 239.0449; Found
239.0447.

3-(((4-Chlorophenyl)thio)difluoromethyl)pyridazine (Sic)

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 4:1) to afford Sic (138.7 mg, 85%) as a white solid. m.p. 102-104
°C; 'TH NMR (400 MHz, CDCl3) 6 ppm 9.33 (d, J = 5.4 Hz, 2H), 7.52-7.48 (m, 3H),
7.39-7.36 (m, 2H); 'F NMR (377 MHz, CDCl;) 8 ppm -76.25 (s, 2F); 3C NMR
(101 MHz, CDCl;) 6 ppm 151.2, 147.1 (t,J = 3.8 Hz), 137.9, 137.7, 134.4 (t, J=27.9
Hz), 129.8, 125.0 (t, J = 280.6 Hz), 123.6, 121.9 (t, J = 4.4 Hz); IR (thin film) v 1568,
1472, 1386, 1265, 1046, 926, 824, 718 cm!; MS (ESI): m/z 273 [M+H]"; HRMS
(ESI) m/z: [M+H]" Calcd. for C;;HgCIF,;N,S 273.0059; Found 273.0057.

6-(((4-Chlorophenyl)thio)difluoromethyl)phenanthridine (5kc)

5kc Cl

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 15:1) to afford Ske (140.2 mg, 63%) as a white solid. m.p. 124-126
°C; '"H NMR (400 MHz, CDCl3) 6 ppm 8.61 (d, J = 8.3 Hz, 1H), 8.53-8.50 (m, 2H),
8.25 (d, J=7.5 Hz, 1H), 7.85-7.81 (m, 1H), 7.77-7.65 (m, 5H), 7.40 (d, J = 8.3 Hz,
2H); F NMR (377 MHz, CDC]ls) 6 ppm -65.59 (s, 2F); 3C NMR (101 MHz, CDCl;)
o ppm 150.8 (t, J = 28.3 Hz), 141.6, 138.4, 136.6, 134.0, 131.2, 130.8, 129.7 (t, J =
280.1 Hz), 129.3, 129.2, 128.9, 127.7, 126.8 (t, J = 5.4 Hz), 126.0, 125.0, 122.5,
122.1, 121.8; IR (thin film) v 1571, 1474, 1363, 1133, 1048, 874, 824, 778, 724 cm’};
MS (ESI): m/z 372 [M+H]*; HRMS (ESI) m/z: [M+H]" Calcd. for CyoH;3CIF,NS

372.0420; Found 372.0416.
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9-(Difluoro(phenylthio)methyl)acridine (5p)

N/

X | S
R
Sp

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 6:1) to afford 5p (117.3 mg, 58%) as a yellow solid. m.p. 169-171
°C; "TH NMR (400 MHz, CDCl;) é ppm 8.53 (d, J = 8.2 Hz, 2H), 8.16 (d, /= 8.3 Hz,
2H), 7.70-7.64 (m, 4H), 7.51-7.48 (m, 2H), 7.37-7.31 (m, 3H); ’F NMR (377 MHz,
CDCl;) & ppm -59.30 (s, 2F); 13C NMR (101 MHz, CDCl;) & ppm 149.0, 136.8,
135.7 (t, J = 23.4 Hz), 130.5, 130.4, 129.7, 129.3, 129.1 (t, J = 283.2 Hz), 127.0,
126.4, 125.6 (t, J = 8.4 Hz), 122.8; IR (thin film) v 1521, 1439, 1344, 1128, 1037, 981,
864, 749, 687 cm!; MS (ESI): m/z 338 [M+H]"; HRMS (ESI) m/z: [M+H]" Calcd.
for CyoH4F,NS 338.0810; Found 338.0808.

Ethyl 2-(difluoro((4-fluorophenyl)thio)methyl)isonicotinate (Sab)
CO,Et
Z

s

FF [ :L

5ab F
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 5ab (153 mg, 78%) as a yellowish liquid. "H NMR
(400 MHz, CDCl;) 6 ppm 8.86 (d, J = 4.9 Hz, 1H), 8.13 (s, 1H), 7.98 (d, J = 4.9 Hz,
1H), 7.67-7.63 (m, 2H), 7.11-7.07 (m, 2H), 4.45 (q, J = 7.1 Hz, 2H), 1.43 (t, J= 7.1
Hz, 3H); ’F NMR (377 MHz, CDCls) 6 ppm -75.06 (s, 2F), -109.92—110.00 (m, 1F);
I3C NMR (101 MHz, CDCl3) & ppm 164.2 (d, J=251.5 Hz), 164.1, 154.2 (t, J=28.2
Hz), 150.4, 139.2, 139.0 (d, J = 8.8 Hz), 126.0 (t, J = 279.8 Hz), 124.8, 121.5, 119.6 (t,
J =33 Hz), 1164 (d, J = 22.1 Hz), 62.3, 14.2; IR (thin film) v 1727, 1589, 1490,
1307, 1223, 1060, 960, 833, 718 cm’!; MS (ESI): m/z 328 [M+H]*; HRMS (ESI) m/z:
[M+H]* Caled. for C;sH;3F3NO,S 328.0614; Found 328.0611.

Ethyl 2-(((4-chlorophenyl)thio)difluoromethyl)isonicotinate (5ac)
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CO,Et
=

FF

5ac cl
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 5ac (154.4 mg, 75%) as a white solid. m.p. 44-46 °C;
'TH NMR (600 MHz, CDCI;) 6 ppm 8.86 (d, /= 4.9 Hz, 1H), 8.14 (s, 1H), 7.98 (d, J =
4.9 Hz, 1H), 7.60 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 4.45 (q, J = 7.1 Hz,
2H), 1.43 (t,J= 7.1 Hz, 3H); ’F NMR (377 MHz, CDCl3) 6 ppm -74.48 (s, 2F); 13C
NMR (101 MHz, CDCl;) 6 ppm 164.1, 154.1 (t, J = 28.1 Hz), 150.4, 139.2, 138.0,
136.9, 129.4, 126.0 (t, J = 280.1 Hz), 124.9, 124.8, 119.6 (t, J = 3.3 Hz), 62.3, 14.2;
IR (thin film) v 1724, 1567, 1477, 1368, 1302, 1225, 1093, 996, 824, 760 cm'!; MS
(ESI): m/z 344 [M+H]"; HRMS (ESI) m/z: [M+H]" Calcd. for C,5H;3CIF,NO,S
344.0318; Found 324.0317.

Ethyl 2-(((4-bromophenyl)thio)difluoromethyl)isonicotinate (S5ad)
CO,Et
]
FF
5ad Br

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford Sad (150.9 mg, 65%) as a white solid. m.p. 58-60 °C;
'TH NMR (400 MHz, CDCl;) 6 ppm 8.85 (d, /= 4.9 Hz, 1H), 8.14 (s, 1H), 7.98 (d, J =
4.9 Hz, 1H), 7.59-7.52 (m, 4H), 4.45 (q, J= 7.1 Hz, 2H), 1.43 (t, /= 7.1 Hz, 3H); YF
NMR (377 MHz, CDCls3) 6 ppm -74.37 (s, 2F); 3C NMR (101 MHz, CDCl3) 6 ppm
164.1, 154.1 (t, J = 28.0 Hz), 150.4, 139.3, 138.2, 132.4, 126.0 (t, J = 280.2 Hz),
125.4, 125.2, 124.9, 119.6 (t, J = 3.3 Hz), 62.3, 14.2; IR (thin film) v 1724, 1561,
1474, 1369, 1303, 1262, 1065, 819, 760, 718 cm'; MS (ESI): m/z 388 [M+H]";
HRMS (ESI) m/z: [M+H]" Calcd. for C,5H,3BrF,NO,S 387.9813; Found 387.9809.

Ethyl 2-(difluoro(m-tolylthio)methyl)isonicotinate (5ae)

S20



CO,Et
=

\N | S Me

FF [ j

5ae
The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 5ae (139.5 mg, 72%) as a yellowish liquid. '"H NMR
(400 MHz, CDCl;) 6 ppm 8.76 (d, J = 4.9 Hz, 1H), 8.04 (s, 1H), 7.87 (d, J = 4.9 Hz,
1H), 7.39-7.36 (m, 2H), 7.20-7.14 (m, 2H), 4.34 (q, J = 7.1 Hz, 2H), 2.27 (s, 3H),
1.32 (t, J = 7.1 Hz, 3H); YF NMR (377 MHz, CDCl;) 8 ppm -74.87 (s, 2F); 13C
NMR (101 MHz, CDCl;) 6 ppm 164.2, 154.5 (t, J = 28.2 Hz), 150.3, 139.1, 139.0,
137.3, 133.7, 131.0, 128.9, 126.2 (t, J = 279.7 Hz), 126.0, 124.6, 119.6 (t,J = 3.3 Hz),
62.2,21.2, 14.2; IR (thin film) v 1728, 1565, 1475, 1368, 1289, 1224, 1060, 960, 866,
762 cm'; MS (ESI): m/z 324 [M+H]*; HRMS (ESI) m/z: [M+H]* Calcd. for
Ci6H16F2NO,S 324.0864; Found 324.0863.

Ethyl 2-(((2-chlorophenyl)thio)difluoromethyl)isonicotinate (5af)
CO,Et
= Cl
N S

FF
5af

The product mixture was purified by silica gel column chromatography
(hexane/EtOAc = 10:1) to afford 5af (127.6 mg, 62%) as a yellow liquid. "H NMR
(400 MHz, CDCl;) 6 ppm 8.85 (d, J =4.9 Hz, 1H), 8.15 (s, 1H), 7.98 (d, J = 4.9 Hz,
1H), 7.84 (dd, J=7.7, 1.5 Hz, 1H), 7.49 (dd, J = 8.0, 1.4 Hz, 1H), 7.40-7.36 (m, 1H),
7.33-7.28 (m, 1H), 4.44 (q, J= 7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H); ’F NMR (377
MHz, CDCls) 6 ppm -74.14 (s, 2F); 13C NMR (101 MHz, CDCls) 6 ppm 164.1, 154.1
(t, J =279 Hz), 150.3, 140.2, 139.2, 139.1, 131.6, 130.3, 127.3, 126.2 (t, J = 281.4
Hz), 126.0, 124.8, 119.5 (t, J = 3.4 Hz), 62.3, 14.2; IR (thin film) v 1727, 1565, 1452,
1289, 1224, 1063, 959, 815, 754 cm™'; MS (ESI): m/z 344 [M+H]"; HRMS (ESI) m/z:
[M+H]* Calcd. for CsH;5;CIF,NO,S 344.0318; Found 324.0315.
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6. Scale-up Experiments

COE CO,Et
AgNO3; (20 mol %)
| o + F><F Selectfluor (2.0 equiv.) | N
N7 PhO™ “COH DCE/M,0 (1:1) N
1a 2a 90 °C, N,, Sealed tube 32 F F

To a sealed tube equipped with a stir bar were added 1a (181.2 mg, 1.2 mmol, 1.0
equiv), AgNOj3 (40.8 mg, 0.24 mmol, 20 mol %), and selectfluor (850.2 mg, 2.4 mmol,
2.0 equiv). The tube was evacuated and backfilled with pure N, for three times. Then
phenoxydifluoroacetic acid 2a (677.2 mg, 3.6 mmol, 3.0 equiv) in DCE/H,0 (6.0/6.0
mL) were added. The tube was sealed and the mixture was heated at 90 °C in an oil
bath for 20 h. After the reaction was complete, saturated NaHCO; solution was added.
The resulting mixture was extracted with ethyl acetate for three times. The combined
organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The resulting residue was purified by silica gel flash column

chromatography (hexane/EtOAc = 10:1) to give 3a (204.8 mg, 58%) as a yellowish

liquid.
CO,Et CO,Et
AgNO3 (20 mol %)
| ~ + F><F K28208 (20 GQUiV.) q | N
N PhS™ "COH DCE/H,0 (1:1) NT S SPh
1a 4a 50 °C, N,, Sealed tube 5a F F

To a sealed tube equipped with a stir bar were added 1a (181.2 mg, 1.2 mmol, 1.0
equiv), AgNO; (40.8 mg, 0.24 mmol, 20 mol %), and K,S,05 (648.7 mg, 2.4 mmol,
2.0 equiv). The tube was evacuated and backfilled with pure N, for three times. Then
phenylthiodifluoroacetic acid 4a (735.1 mg, 3.6 mmol, 3.0 equiv) in DCE/H,0
(6.0/6.0 mL) were added. The tube was sealed and the mixture was heated at 50 °C in
an oil bath for 20 h. After the reaction was complete, saturated NaHCOj5 solution was
added. The resulting mixture was extracted with ethyl acetate for three times. The
combined organic layer was washed with brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure. The resulting residue was purified by silica gel
flash column chromatography (hexane/EtOAc = 10:1) to give Sa (273.9 mg, 74%) as
a yellowish liquid.
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7. Competition Experiments

Under AgNOs/selectfluor reaction system

COE AgNO3(20 mol%)
R F selectfluor (2.0 equiv)
| > + + F><F —— F><F + unknown
N/ PhO COQH PhS COQH DCE/H50, 90 °C, N, PhS F byproduct
1a(1.0equiv) 2a(2.0equiv)  4a(2.0 equiv) 13%

To a sealed tube equipped with a stir bar were added 1a (90.7 mg, 0.6 mmol, 1.0
equiv), AgNOj3 (20.4 mg, 0.12 mmol, 20 mol%), and selectfluor (425.1 mg, 1.2 mmol,
2.0 equiv). The tube was evacuated and backfilled with pure N, for three times. Then
phenoxydifluoroacetic acid 2a (2257 mg, 1.2 mmol, 2.0 equiv) and
phenylthiodifluoroacetic acid 4a (245.0 mg, 1.2 mmol, 2.0 equiv) in DCE/H,0O
(3.0/3.0 mL) were added. The tube was sealed and the mixture was heated at 90 °C in
an oil bath for 20 h. The internal standard PhCF; (73.7 pL, 0.6 mmol, 1.0 equiv) was
added, and the solution was then analyzed by '°’F NMR spectroscopy. The '°F NMR
spectroscopy indicated the formation of PhSCF; (13%) and an unknown byproduct.

<
=

-109.88
-110.48

112.44
-113.04

43.46
-63.26

/
\

| i

— 4346
6326
12

10988
~-11048
1244

-113.04

PhCF; PhOCF,COOH

byproduct
PhSCF; \ | / ypf

T

S

3
1.00-

4
20
3 07l= f——

3
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Under AgNO3/K,S,0g reaction system

COEt
COEt AgNO3 (20 mol%) 2
A R F FF K2S,05 (2.0 equiv) X
N/ PhO COH  pps CO,H DCE/H,0, 50 °C, N, N
1a (1.0 equiv) 2a(2.0 equiv) 4a (2.0 equiv) 5a, 72%6 F

To a sealed tube equipped with a stir bar were added 1a (90.7 mg, 0.6 mmol, 1.0
equiv), AgNOs (20.4 mg, 0.12 mmol, 20 mol %), and K,S,05 (324.4 mg, 1.2 mmol,
2.0 equiv). The tube was evacuated and backfilled with pure N, for three times. Then
phenoxydifluoroacetic acid 2a (225.7 mg, 1.2 mmol, 2.0 equiv) and
phenylthiodifluoroacetic acid 4a (245.0 mg, 1.2 mmol, 2.0 equiv) in DCE/H,O
(3.0/3.0 mL) were added. The tube was sealed and the mixture was heated at 50 °C in
an oil bath for 20 h. The internal standard PhCF; (73.7 pL, 0.6 mmol, 1.0 equiv) was
added, and the solution was then analyzed by '"F NMR spectroscopy. The '’F NMR
spectroscopy indicated the formation of 5a (72%).

;

4 b
5 e
CO,Et
N
PhCF; | sph
~
N
/ FF PhOCF,COOH
5a \ /
B c e el
E 5 4
63 64 -6 66 6 -68 69 0 4 -76 =17 -78 -19 -8(

71 72
1l (ppm)
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8. Radical Inhibition Experiments

Aryloxydifluoromethylation in the presence of TEMPO

CO4Et AgNO; (20 mol%) COE
AN PhO.__COOH selectfluor (2.0 equiv.)‘ A
@ S "N o, L opn
N/ F F 6 DCE/H50, 90°C, N, N
F F
1a, 1.0 equiv. 2a, 3.0 equiv. 2.0 equiv. 3a,0%

To a sealed tube equipped with a stir bar were added 1a (30.2 mg, 0.2 mmol, 1.0
equiv), TEMPO (62.5 mg, 0.4 mmol, 2.0 equiv), AgNO; (6.8 mg, 0.04 mmol, 20
mol%), and selectfluor (141.7 mg, 0.4 mmol, 2.0 equiv). The tube was evacuated and
backfilled with pure N, for three times. Then phenoxydifluoroacetic acid 2a (112.8
mg, 0.6 mmol, 3.0 equiv) in DCE/H,0 (1.0/1.0 mL) were added. The tube was sealed
and the mixture was heated at 90 °C in an oil bath for 20 h. The internal standard
PhCF; (24.6 puL, 0.2 mmol, 1.0 equiv) was added, and the solution was then analyzed
by "F NMR spectroscopy. The '"F NMR spectroscopy indicated that the desired
product 3a was completely inhibited in the presence of 2.0 equiv. of TEMPO.

—63.14
7707

PhCF,COOH

PhCF;

0 10 0 -10 20 30 -40 -50 60 70 80 -0 -100 110 -120 -130 -140 -150 -160 -170 -130 -190 200 210 -2
11 (ppm)
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Arylthiodifluoromethylation in the presence of TEMPO

CO,Et AgNO; (20 mol%) COEt
X PhS.__COOH K2S20s (2.0 equiv.) A
| * x ¥ N L spn
N/ F F (') DCE/Hzo, 5OOC, Nz N
' F F
1a, 1.0 equiv. 4a, 3.0 equiv. 2.0 equiv. 5a, 0%

To a sealed tube equipped with a stir bar were added 1a (30.2 mg, 0.2 mmol, 1.0
equiv), TEMPO (62.5 mg, 0.4 mmol, 2.0 equiv), AgNO; (6.8 mg, 0.04 mmol, 20
mol%), and K,S,05 (108.1 mg, 0.4 mmol, 2.0 equiv). The tube was evacuated and
backfilled with pure N, for three times. Then phenoxydifluoroacetic acid 4a (122.4
mg, 0.6 mmol, 3.0 equiv) in DCE/H,0 (1.0/1.0 mL) were added. The tube was sealed
and the mixture was heated at 50 °C in an oil bath for 20 h. The internal standard
PhCF; (24.6 puL, 0.2 mmol, 1.0 equiv) was added, and the solution was then analyzed
by F NMR spectroscopy. The '"F NMR spectroscopy indicated that the desired
product 5a was completely inhibited in the presence of 2.0 equiv. of TEMPO.

—-63.07
-82.54

PhCF;

\ PhSCF,COOH

w 10 0 10 20 30 -4 50 60 -70 -80 -90{1-100 )-lii} -120 -130 -1:40 -150 -160 -170 -180 -1§’G =200 210 -2
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9. ORTEP Drawing of the X-Ray Crystallographic Structure of
Product Skc
The crystals were obtained from a solution of dichloromethane and hexane upon

slow volatilization. The X-ray intensity data were measured at 293(2) K, on a Rigaku
AFC7R diffractometer.

7/
0p)

F F
5kc

The crystal structure has been deposited at the Cambridge Crystallographic Date
Center and allocated the deposition number CCDC 2001370. The thermal ellipsoids
are shown at the 30% probability level. This data can be obtained free of charge from
the Cambridge Crystallographic Date Center via

www.ccde.cam.ac.uk/data_request/cif
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Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

Crystal data and structure refinement for Skc

Ske
C20HI2CIF2N S
371.82

293(2) K

0.71073 A
Triclinic

P-1

a=28.2778(12) A
b=9.4259(13) A
c=11.5784(17) A

o= 71.910(4)°.
B=80.287(4)°.
v = 85.508(4)°.

846.1(2) A3
2
1.459 Mg/m3

0.371 mm-!
380
0.200 x 0.160 x 0.130 mm3

2.884 to 25.998°.

-10<=h<=10, -11<=k<=11, -14<=I<=14
20622

3286 [R(int) = 0.0320]

98.7 %

Semi-empirical from equivalents
0.7456 and 0.6652

Full-matrix least-squares on F2
3286/0/227
1.048

R1=0.0350, wR2 = 0.0870
R1=0.0402, wR2 = 0.0907
0.025(8)

0.233 and -0.253 e.A-3
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10.Copies of 'H, °F, and 3C NMR Spectra for the Products

TH NMR (400 MHz, CDCl;)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)

£l
'L

SEL
S¢L

9g'L
Latt
PE'L
9g'f,
9g'f
LE'L
8E'L
6E'L
b L
b L1
Aorh
8 L1
ab' L1
ab' L1
05 L1
154
75t
£5'4
£5'L
PS'L
$9'L
$9'L1
5§91
9941
99'( 1
L9t
89'(1
89'(1
6L
1087
18-

848
?_u.m.v

bk

43 -l

20

=

10

i

e 1ed  1oe

113

13C NMR (101 MHz, CDCl;)

s8°811

90'021

Tt

9HET T

BR'ST1A

9141

26621

ezt

§9'6e1,

e LeTd

10081+,

RI'0STF

gensT 107081

prisi| 81'0sI—

LL1STY L0581

OTESTY pprigi~
LETSI—
01gs1-

Ph
00 o0
S38

flipm;

e

147

13

148
140

15

151 130
(o)
26

e

152
18

13

154




19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, DMSO-d6)

tELy
EE'L
SE'L
9L
8L
N8 LA
£0'Ly

b1

o
o
oo
L.
—

——

s

O

O FF

3m

£6'T

$06'T, .

co'l
%vo.o

L0

11¢ 1e5 188e &3 20

115

13C NMR (101 MHz, CDCl;)

O
(L
0 FF@

£
]

££'911
L6811
091211
817211
229211
££'921
86921
85621
95'1€1
90'ZE ]
LEPENT
99'pE 11 -—
8K95 17
5951 |
859517 Ch ——
£6'8E 1AL 95 1EL~ LL ) —————
WN.mm_u_v aNgEl~— = L =—
pseel” H
L — —

99'pE [~ La

8FOELy [ 58

£ST9ELF e 2

8¢9€ ] A
9T 0B1~ £6'8E [ 4 i
CEPRIT prieel— = it

peeEl” rE

&

0

00
1 ippm;

1

S50



19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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!H NMR (400 MHz, CD;CN)
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19F NMR (377 MHz, CD;CN)
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I3C NMR
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)

4N

DE91TY
L6811
R0all
95121
8LTEN
€921
£0'9E1
66921
STTI
S 1E
COTE
92 PE
FopEl
0F9el
SPoEl
059811
ChRED
i

£56E1
Zaosl”
19'6h1—

FTORT—
(B33 b

1981,
£6°9Z 1~
6921

883z,
25'IE
20TEl

9z pEnE
Pl
0p 9 11|
SHOET

0 9E T\
Z6'SET
Nm_ﬁ.:ﬁ
2865 1~

l

3me

O‘ @) Me
Y

134

I

T
128

T T
B 1

18

. LLL

- e

0

00
1 ippm;

1

e

18

19F NMR (565 MHz, CDCl3)

9E' 89—

Me

A0 00 -112 -1 -13% 140 -13 =150 -17e -180
11 {ppmj

B0

=50

-B

=14

S58



'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (151 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)

-180

-17¢

=180

=150

Cl
140
Cl

-130

-1

Sic
=190 =11
N

F F
5kc

<0
11 {ppmj

STIL— 1L

0
W
Y
Ll

5,861
9Lt B
L't ==
ﬂ —yL60
4 =

-1

9%

'H NMR (400 MHz, CDCl3)

oo

13 Lo

e

S69

1 {pgm)

30

iy 23 20

1035

1o



13C NMR (101 MHz, CDCl;)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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13C NMR (101 MHz, CDCl;)
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'H NMR (400 MHz, CDCl3)
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19F NMR (377 MHz, CDCl3)
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11.Copies of HRMS Analysis Reports for the Products

National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra
Card Serial Number : D191543
Sample Serial Number: ZXIL-12 |

\N O
Operator : DONG Date: 2019/05/27 FF \O

Operation Mode: DART POSITIVE 3a

Elemental composition search on mass 294.09

mfz= 289,09=299,09

m/fz Theo. Delta RDBE Composition
Mass (ppm} equiv.

294.0934| 294.0934 0.00 12.0|C1eH14 Ng §
294.0934 -0.19 5.0{C10H1303N4F3
294 .0935 -0.31 -5.0|C4H21 OgN4CLF28
294.0932 0.867 3.0{C12H12905F 3
294.0936 -0.87 8.5/C15H14 03N F2
294,0937 -0.89 -1.5i{CgH22 Oy NC1FS

Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Scierices
High Resolution MS ESI REPORT

Instrument: Thermo Scientific Q) Exactive HF Orbitrap-FTMS

CN
Card Serial Number: E190789 _
Sample Serial Number: ZXL-7 SN o
FF
Operator: Songw Date: 2019/05/29
3b
Operation Mode: ESI Positive lon Mode
Elerm=ntal composiction search on mass 247.07
miz= 242 . 0F-252.07 o
m/S = Theo . Delta RDB Composition
Mass {ppm) eguaiv.
247.0673%| 247.0677 -1.76 8.5/ CiaHo DMNaFa
247.0666 2.86 13.5|CasHamz T
247.0684 3,67 10.0{C31Hy HsFa
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Mational Center for Organic Mass Spectrometry in Shanghai

Shanghai [nstitute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS ESI REPORT

Instrument: Thermo Scientific Q Exactive HF Orbitrap-FTMS
Card Serial Number: E190788

Sample Serial Number: ZXL-8

Operator: Songw Date: 2019/05/29

Operation Mode: ESI Positive Ton Mode

Elemantal composition search on mass 247 .07
mSz= 242.07=252.07
m/ = Theo. Dalta RDB Compositiaon
Hass (B egulv .,
2477 .06872| 247 .0&677 —2.28 8. 8iCi13 Hs OMz F2
247 .0666 2.3 13.5 CiaHaHz F
247 . 0864 2.14 10.0' CTia HTHaFz

3b’

National Center for Organic Mass Spectrometry in Shanghai

Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS ES] REPORT

Instrument: Thermo Scientific ) Exactive HF Orbitrap-FTMS
Card Serial Number: E190787

Sample Serial Number: ZXL-9

Operator: Songw Date: 2019/05/29

Operation Mode: ES] Positive Ton Mode

Elemental composition search on mass 264,08

mS== 258.08-269.08

mS = Theo. Daelta BDR Composition
Mass {ppml egqulw.
264 .082%5| 264 .0831 —-2.2B8 B.5 Ci1a Haz Oz N F2z
264 .0B17 2Bl 9.0 CazHis O Mg Fz
ZH4 .0B13 4,45 4.0 CasH170n e
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resalution MS ESI REPORT

Instrument: Thermo Scientific Q@ Exactive HF Orbitrap-FTMS
Ac E F
Card Serial Number: E190786
= O
Sample Serial Number: ZXL-10 ~ |
Operator: Songw Date: 20190529 3c'

Operation Mode: ESI Positive Ton Mode

Eleamental composition search on mass Z64 .08

mfz= 2585.08=269.08B

ms = Thao. Delta BOB Composlition
Mas=s [§ =1=Tiil] aguiw.,
264 .0825| 264 .0831 =2.186 B.5 CiaHi120z2H Faz
264 . 0B17 2 .92 9.0 CazHAeOMNa F2
264 .0813 4.57 4.0 CeH12 06N

Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS ESI REPORT

Instrument: Thermo Scientific () Exactive HF Orbitrap-FTMS

t-Bu
Card Serial Number: E190785 _—
|
Sample Serial Number: ZXL-11 SN 0\©
Operator: Songw Date: 2019/05/29 l;dF

Operation Mode: ESI Positive lon Mode

Elemental composition search on mass 276.13

mfz= Z73.L1L3=-283.13

ms = Theo. Ce=lta RDB Composicion
Masas { pEm) eguiv.
27T8.1348 278.135%1 —-1.897 7.5 C16 H18 O M F3z
27B.1340 2.514 11 . % CisH1TNF
27e.1338 2.86] B.0 CiaHigN4 F3
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra
Card Serial Mumber : D191542 Ph

Sample Serial Number: ZXL-13 |

N o
N
Operator : DONG Date: 2019/05/27 FF \©

, . 3e
Operation Mode: DART POSITIVE
Elamental compositidn search on mass 298.10
miz= 293.10-303.10
miz Thed. Delta RDB Compozition
Mass (ppm) egulv.
298.1035| 298.1036 =0.36| B.O[C13H130My F3

295.1036 -0.48) -2,0/CTH2102N4C1E2S

e98.1033 0.4%| 6. 0|C1s {1003 F S

298.1038 -1.03]} 11.5/C1z H14ONFz

298.1038 -1.15] 1.5/C12Hzz2 02 HCLFS

298.1031 1.16] 2.5|C1oM1e0aNaFa s

28E,1038 -1.20]| 2.0/CaHs0OsHaC1

National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution ESI- MS REPORT
Instrument: Thermo Scientific Q Exactive HF Orbitrap-FTMS
Card Serial Number: E201006 %
Sample Serial Number: ZXC-32 AN 0o
F F

Operator: Songw Date: 2020/06/19 3f

Operation Mode: ESI Positive Ton Mode

Elemental compeosition search on mass 262,10

mfz= 257.10-267.10

miz Theo. Delta | RDB Composition
Mass {ppm) | egquiwv.
262.1036| 262.1038| -0,B3| 3.5:'315}'31-!0]’1 Fz
262,1027| 3. 53 12.5|CieH1aNF
262.1025| g, 29| 9.0|CizH1z N4 F2
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Mational Center for Organic Mass Spectrometry in Shanghai

Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution M5 DATA REPORT

Imstrument:  Thermo Fisher Scientific LTQ FT Ultra

Card Serial Wumber ;: D191541

Sample Serial Mumber: ZXL-14

Operator : DONG

Date: 201%/05/27

Operation Mode: DART POSITIVE

Elemental composition search on mass 250.10

miz= 245.13-25

5.10

mSz Thea.
Mazs

220.1036; 2530.
250,

250.

250.

250.

| 250

103e
103

1038
1038

1038
1033

Delta

(ppm)

-0

Q.
=0,

=1l
=i
1

.05
09|
71|
.85/
.92
+10

RDB
equiv.,

-6.0ICaHz1 02 N4 C1F2 5

Compositicn

4. 0/CsH130MqF3
7.5C1aHi4 OKH Fz
-2.5{CaH2202 NCLFS
-2.0/Cs 1905 M4 CL
2.0|C1: H1503F S

Mational Center for Organic Mass Spectrometry in Shanghai

Shanghai Institute of Organic Chemistry

High Resolution MS DATA REFORT

Chinese Academic of Sciences

Instrument: Thermo Fisher Scientific LTQ FT Ultra

Card Serial Number : 2191540

Sample Serial Number: ZXI1.-15

Operator : DONG

Date: 2019/05/27

Operation Mode: DART POSITIVE

Elemental compesition search on mass 223.07

miz= Z18.07-228.07
m/z Theo.
Mass

223.0676| 223
223
223,
223.
223

0876
0e1h

0er7
0a78

LUe7TE

Delta
{ppm)

0.04

0.20
-0.70|
-0.5E|
=93

ROE
equiv
-6 .
4

Composition

OHisQ2NsaCl Fz 8

.0ICeHs ONs F3

. 3|{C11He ONz Fz
.LC5H11ﬂ2MzC1FE
LO0{CzH14 05 N5C1
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra
Card Serial Number : D191539

Sample Serial Number; ZX1-16

Operator : DONG Date: 2019/05/27

Operation Mode: DART POSITIVE

Elemental composition search on mass 223.07

mfz= Z21B.0T7=-228.47

m/z Theo. Delta ROB Composition
Mass {ppm] equiv,
223.067T6 223. 04676 -G .05| =6.0H1e 02 85 CL Fz2 5
223. 0675 0.11| 4. 0iCsHsOMHsF3
223, 0677 0. 79 T.3C1HeONz Fg
223.0678 =0.95 =2.5/CyH1702N2C1F8
223.0678B =-1.02 =2.0|C2H14 O Ne C]

Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution M5 DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra

Card Serial Number : D191536 N

=z Z
Sample Serial Number: ZXL-19 N \N | )
Operator : DONG Date: 2019/05/27 FF \©

Operation Mode: DART POSITIVE

Elemental composition search on mass 273,08

miz= 288.08-278.08

mSz Theo. elta EDE Compoaition
HMass ippm) eoulw,
2T3.0B32| 273.0832; .01 T.0|C1oH100Hs 3
2731.0832]  -0.11 -3.0|CeR18 02 W CLF25
273.0834| -0.,72 10.5|Ci1sH11 OH2 Fg
273.0834; —0. 8% .3/CaH1307NzCLFS

273.0834| -0, 91 1.0/CeH16 O8N CL
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra
Card Serial Number : D191538
Sample Serial Number: ZXL-17

Operator : DONG Date: 2019/05/27

Operation Mode: DART POSITIVE

Elemental composition search on mass 322.10

mfz= 317.10-327.10

mie Theo. pelta RDB Composition
Mass {ppm) aguiv.

122.1034| 322.1033 0.30| B.0iC17H1503F 38
322.1036  -0.49 10.0/C15H130Ha Fa
322.1036 -0.60 0.0CeHz1 0 M4 CLFz B
122,103 0.92] 4.5/CrzH1p0aNaF2 8
322.1038] =1.11| 13.5/CacH14OH P2
322.1034| -1.22 3.5|Ci1¢H2202HCLFS
322.1038| =1.27 4.0(C11H1905HaC1

National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution M S DATA REPORT

Imstrument: Thermo Fisher Scientific LTQ FT Ulira

Card Serial Number : D191537 O O

Sample Serial Number; ZXL-18 = O\©
F F

Operator : DONG Date: 2019/05/27 3|

Operation Mode: DART POSITIVE

Elemental composition search on mass 28%.07

miz= ZH4_0T=284 07

miz Thaa. Delta ED& Composition
Mass ({ppm} equiv.
Z85.066% 2B9.066% =. 01 =3.0iC5sHy3OqN3ClF; 8
2B9.068% .11 T.0C11H1pCalaFy
2B9.0668 .31 I4.0|Cya Haa M 8
2ES.0671 -, 58 10.5|C1gH11 03 F2
209, 0671 —0.70 0.5|C1pH1s0aClFS
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Mational Center for@rganic Mass Spectrometry in Shanghai

Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS ESI REPORT

Instrument:  Thermo Scientific Q Exactive HF Orbitrap-FTMS
Card Serial Number: E190792
Sample Serial Number: ZXL-1

Operator: Songw Date: 2019/05/29

o)

Operation Mode: ESI Positive lon Mode

El=amantal

composition searceh on mass 3I23.05

m/=z= 31B.05-328.05

mi =

3Z232.0483

Thao. Be=lta ROEB Compositioan
Mass {EPm ) moguiw,

AZZF . 0477 1.86 12.0|Ci1n He Oz N3 Fz Ha

323.04890 -2 .30 11.% C17H10 @3 Fz Na

3Z23.0474 2:07 10.5|C14 HeDsHaz Fa

National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS ESI REPORT

Instrument: Thermo Scientific Q) Exactive HF Orbitrap-FTMS

0]

Card Serial Number: E190790

Sample Serial Number; ZXL-5

Operation Mode: ESI Positive Ion Mode

Elesmnental composition ssarch on mass ITO9.I1

m/z= 374.11-384.11

msS =

373.1109

Theo. Celta ADB Composition
Maass [ o b aguiv.

379.1103 1.72 12.0{Ca2s Ha O3 Ma Fz Ha

379.1116 -1.83 11 .5/ Czi HigO3 FzHMNa

379.1100 & .44 1.5 CraHisOaNzFz

272.1127 =4 . B3 15.0C2a Hi=QaNa Fz2

272.1001 4:73 160 Czz Hin O MNa Fia
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS ESI REPORT

Instrument: Thermo Scientific Q Exactive HF Orbitrap-FTMS

Card Serial Number: E190792

Sample Serial Number; ZXL-2 O‘ 0
Operator: Songw Date: 2019/05/29 O FF \©\

3mb
Operation Mode: ES] Positive Ion Mode
Elemental composition sSesarch on mass 341 .04
miz= 336.04-3465.04
s = Theo. Delta OB Composition
Maaa [} eguiv.
341.0391| 241.0396 -1.E8 11.5|C17 He O3 Fala
341 .0383 2.35 12 .0 C1eHT Oz N3 FaMa
341.0380 3.04 10.5 C14 H1c 07 Nz Ma
341.0380 b s B 10.5|Cig HeOn Nz Fa
341.0404 —-4.01 1% .5 €16 HaO7N2
341.0407 =4. 70 15.0|C17HeOzNaFa
341 .0407 -4 .81 15 0 Ci17HeDa NaxHNa
Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution E[-MS REPORT
Iestrument: Witers Premier GC-TOF M5
Cperation Mode: El Paositive lon Mode {Electran En:rg:.- Tilel) )
Card Serial Number: GUT-P-T20-06-1274
Sample Serial Mumber:  2003067-2X1-33
o FF
Ciperator: Li Date: 2O200061%
pe mc Cl
m/ z Thes. Dalta RDB Compagition
Mass [ppm) agquiv.
334.0204 334.0203 0.386 12.0pC17He Q3aCl F2
334.0207 -0.83 16.0C1gH7 02 N2 FS
334.0208 =1.11 =1.0CeH1406N2C1F35
334.0196 231 3.0/ CoH12O0sH:CLlFz2 38
334.0196 2.42 13,.0iC1sHs 04Nz F2
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Mational Center for Organic Mass Spectrom etry in Shanghai
Shanghai Institute of Organie Chemistry

Chinese Academic of Sciences

High Resolution EI-MS REPORT
Imstrument; Wnters Premier GC-TOF M5
Operation Maode: El Posilive lon Mode {Electon Energy: T0evy O

Card Serial Number:  GCT-P-T20-06-1275 O‘
Sample Serial Number:  2013067-ZXL-34 O

L,

Cperator: Li Drate: a0z0mes O FF
3md
m/ =z Theo. Delta ROBE Composition
Mass [ppm} equiv,
377.96094. 377.9694 0.02 £3. 00 QN2 F28
377. 9691 0.76 3.0/CaH1305NzBrFz 5
377.9691 G717 11.5/C17H11ONBIrC1lF
377.9698 -0.986 12.0(C17He O3 BEF 2
377.9698 =1.06 2.0/C11H17TD4BECLFS

National Center for Organic Mass Spectrometry in Shanghai

Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS ESI REPORT

Instrument: Thermo Scientific Q Exactive HF Orbitrap-FTMS

Card Serial Number: E190791

Sample Serial Number: ZXL-6

0O

L o

) FF
Operator: Songw Date: 2019/05/29 ©
3me
Operation Mode: ES] Pesitive Ion Mode
Elemental composition ssarch on mass 3I37.06
mSE= 3IFIZ2.06=342.06
mf = Theaco. Daelta BDE Composition
Mass [ ==L ] - [EE R TN
3237 .0641 337 .0647 —-1.%73 11.5 Cap H1z O3 Fz Ma
AAT. 0633 2.Z286 12.0 CreH1o0O2 Ma Fa Ma
A37.0631 J.O7 10-5 Ci1sHiaDs N2 Fa
337 .0657 —4 .88 1% .0 CraHs FaNaFz
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra

CO,Et
Card Serial Mumber : D191533
g
Sample Serial Number: £X1.-20 \N S
Operator : DONG Date: 2019/05/27 FF \©
5a

Operation Mode: DART POSITIVE

Elemental composition search on mass 319.07

mfz= 3I05.07-315.07

miz Theo. Delta RDB Composition
Mass [ppm) egulv.
310.0706 310.0706 0.1z 5.0(C10H130z2Ke F1 8
3190.0708 =0.52 B.5[CisHia Oz N EzS
310.0708 =(,58 2.0IC2H11 D54 F
310.9710 -1.22 12.5Ci7H1z05H
310,0711 -1.4% 0.5|CTHigDONSCL 15

Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument:  Thenmo Fisher Scientific LTQ FT Ulira

CN
Card Serial Number : D191529
4
Sample Serial Number: ZXL-26 SN S
Operator : DONG Date: 2019/05/27 FF \©

Operation Mode: DART POSITIVE

Elemental composition search on mass 263.04

miz= 258.04-268.04

mSz Theo . Delta ROB Composition
Mass {ppm} equiv,
263.0448 263.0449 -0.35| 9.5|C13He N2 F2 5
263.044%9 =04} 10.0[C1oHgOaMs F
263.0450 =055 0.0/CsH14OaNsCL S
263.0451 =1.17 13.5C1s H3Oa N2
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument; Thermo Fisher Scientific LTQ FT Ultra

Ac
Card Serial Mumber : D191528
=
Sample Serial Number: ZXL-27 < U s
N
"

Operator : DONG Date: 2019/05/27
5c
Operation Mode: DART POSITIVE

Elemental composition search on mass 280.06

miz= 275.06=285.06

miz Theo. Delta RDB Composition
Mass {pm} i,
280.0600| 280.0602 -0.74 B.5C1sH12 ONF:5
280. 0602 -0, B0 G.0CuHsDaN4 F
280.0603 -0.93 -L.0|CsH17 05N C1l S
280.0604 =1.52 12.5[C16Hi0 Q4 N

Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution ESI- M8 REPORT

Instrument: Thermo Scientific () Exactive HF Orbitrap-FTMS

Card Serial Number: E201007 = |
N S
Sample Serial Number: ZXC-35 Ac” N \©
FF
Operator: Songw Date: 2020/06/19 5n

Operation Mode: ESI Positive lon Mode
Elemental composition search on mass 280.06

mfz= 27E5.06-285.06

m/fz Theo. Delta | RDR Compasition
Mass {ppm) agquiv.,
Z80.0600| 2B0.0602 -0.88 B.5]{C14 HizONFz8
280.0604 -1.686 12.3[CieHipGu
280.0531 3.20 12.5[C17H1INF S
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ulira

Card Serial Number : D191527

Sample Serial Number: ZX1.-28 @
Operator : DONG Date: 2019/05/27 \©

Operation Mode: DART POSITIVE

Elsmental composition search ¢n mass 302.08

miz= 297.0B=307.08

miz Theo. Delta RDB Compoaition
Mass (ppm) | equiw,
302.0807, 302.0805 0.&0 5.5/Car HieOs M3 S
302.0810| =0.84 10.5C19H14 8 F25
302.0810 ~0r. 89 11.0|CtaB1103Ma F
302,0810 —1.01 1.0{CaH1a 04 N4 C1 S
302,0803 1.28 10.5{Cra B130OHsCl

Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Reszolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra

Card Serial Number : D191526 [/N |
X, S
Sample Serial Number: ZXL-29 N \©
FF
Operator : DONG Date: 2019/05/27 5h

Operation Mode: DART POSITIVE

Elemental composition search on mass 239,04

mfz= 234.04-244,04

miz Theo. Delta RDB Composition
Mass {ppm]  eguiv.
239,.0447] 239,0449 -0.889 T.5|Cii HeHzFz 5
£39.0445 083 2.5/CsH1105Na 5
£39.04459 ~0.96( B.0|CaHeOzNs F
239.0450 =1.10 =2.0/CrH1a 04 NaCL B
239.0451 -1.79% 11.5{Cy13Hr O3 N2

S92



Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution M8 DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ulra
Card Serial Number : D191524

Sample Serial Number: ZXI.-31

Operator : DONG Date: 2019/05/27

Operation Mode: DART POSITIVE

Elamgntal composition search on mass 273.01

miz= 26B.01-2T78.01

miz Thea. Celta ROE Compoaition
Mass {ppm) eogulwv,
273.0057| 273.0057 .15 16.0/C1sHaCq N

=73.0085 G.75 2. 5ICsH1o Qs Ny CL 5
=73.005% =0.84 T.50C11HgHzCl1 Fy 3
273.0055 0.86| 12.51C11 Hz D4 Ny F
273.0059 —0.90 B.OCeHsDaNsCLF
2730054 0.94| 12.0{C1aH50NFz8

Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution M5 DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra

Card Serial Mumber : D191525 ‘
9

Sample Serial Number: ZX1.-30 ~ | S
N
Owperator ;: DONG Date: 2019/05/27 FF
5kc

Operation Mode: DART POSITIVE

Elemental cmﬂpcsiti{;n search on mass 372.04

m/z= 367.04=377.04

msz Theo. Delta EDBE Composition
Maszs (ppm) | eguiv,

372.0416| 372.0415 0.15 §.5/CraH1305N3C1 8
372.0415 0.24 18.5/C2o0H+04Ha F
3272.0415 .29 18.0{CasHn O F2 8
372.0417 =0.340 22.0/C2s Ha Oy
372.0420 =-1.02 13.5{CanHisHCL P2 8
372.0420 -1,07 14.0/C17Hi002NaCL F
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution ESI- MS REPORT

Instrument: Thermo Scientific Q Exactive HF Orbitrap-FTMS

Card Serial Number: E201008 ‘
N~ |
Sample Serial Number: ZXC-36 X S\©
Operator: Songw Date: 2020/06/19 ‘ FF
5p

Operation Mode: ESI Positive lon Mode

Tlemental composition search on mass 338.08

m/z= 333.0B-343.08

m/z Theo. Delta | ERDB Composition
Mass {ppm) aguiwv.
338.0808 33B8.0810| =0.42| 13.5|CagHiaNFz &
338.0812) ~-1.06] 17.5|C22H1203N
338.0823| -4.44/( 13.51C1aH1a 04N F

Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument; Thermo Fisher Scienific LTQ FT Ultra

CO,Et
Card Serial Number ;: D191534 %
Sample Serial Number; ZXI.-21 SN | S\O\
Operator : DONG Date: 2019/05/27 F5 Fb F
a

Operation Mode: DART POSITIVE

Elemental composition search on mass 328.08

mfz= 323.00-333.06

miz Thea, Delta ROB Composition
Mass {pom) equiv.
328.0811| 328.0609 0.67 12.0|C1y Hi3 03 Wa €l
328.0614 -0.67 B.5|CisH1302 N Fa38
328,.0614] —0.72 . 0C1z H100sRa Fz
328.0607 1.28 8.5/C1zH12 0aRsCL F
Z28.0607 1.33 8.0|C15H15H2C1 F2 5
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Mational Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTOQ FT Ultra

CO,Et
Card Serial Number : D191533
Z
Sample Serial Number: ZX1-22 ~ | S
N
Operator : DONG Date: 2019/05/27 FF \©\ o

Sac
Operation Mode: DART POSITIVE

Elemental composition search on mass 344.03

mfz= 339.02-348.03

miz Theao. Delta RDE Compositicon
Mass [ppm) egquiv.
344.0317 344.0318 =0.32 B.5C1sH1302 NC1Fz 8
344.0318 =-0.37 9.0|C12H10O0sM4C1 T
344.0320 - 95 12.5|C17H110s NCL
44,0313 1.10] 13,0|C1sH10 03 F2 5

National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument:  Thermo Fisher Scientific LTQ FT Ultra
iCard Serial Number : DI191532 CO,Et
sSample Serial Number: ZX1.-23 |

N S
Operator : DONG Date: 2019/05/27 N s \©\
Br

Operation Mode: DART POSITIVE 5ad

Elemental composition search an mass 3I87.98

m/z= 382.99-352.%3

m/z Theo. Delta ROE Composition
Mass |ppm) eguiv.
387 .980% 367.3407 0.39 1. 5C1 HaO4MCL F
367 .9807| 0.a0 8.5/Ci1zH2 03N Br €l
387.9811 =0. a4 23.5|CpaHa0INa 5
3BT, 9006 0.65 8.0/C1sH1sHzBr C1ES
387 .8805| 0.a90 16.0|C16H30sH4 C1 F2
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National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra
Card Serial Number : 191531 CO.Et
Sample Serial Number: ZXL-24 |

\N S Me
Operator : DONG Date: 2019/05/27 FF \©/

Operation Mode: DART POSITIVE

Elemental Cmpﬁﬁiti;&n search on mass 324.0%

m/z= 3159.09-329.09

m/ 2 Theo. Delta ROB Compositicn
Maza [ ppm} agquiv.
324 .0863| 2324 _.0864 -0.35 B.5(Ci1eH1s 0z N F3 5
3240864 -0.40 9.0{C1xH130s Hg F
| 224.0868 -1,02] 1Z.5|C1gH1405 8
324.0858| 1.62] B.5C1zHIs 0385 C1
324.0858| 1.68] B.0/C1sH1aN2CLF S

National Center for Organic Mass Spectrometry in Shanghai
Shanghai Institute of Organic Chemistry
Chinese Academic of Sciences
High Resolution MS DATA REPORT

Instrument: Thermo Fisher Scientific LTQ FT Ultra

CO,Et
Card Serial Number : D191530
= | Cl
Sample Serial Number: ZXL-25 \N S
Ciperator : DONG Date: 2019/05/27 Fst
a

Operation Mode: DART POSITIVE

Elemental i’.‘D.ITI.pGSiIil::!'L search on mass 344.03

mig= 339.03-34%.03

m/E Theo . Delta RDBE Composition
Mass \ppm} moudiv.
344.0315| 344.0313 0.46 13.0:C1e H100a3 Fz 8
344.0318 ~0.98 8.5 CisHnnOaHE1Fz 5
344.03218 =1.01 2.0|CizHunOsHaCL ¥
3440320 -1.59 12.5{C1nH OsNEL
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