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1. General Information

All manipulations were performed in dried glass reaction tube equipped with a
magnetic stir bar under air atmosphere. The solvents and reagents were purchased from
commercial sources without further purification unless otherwise mentioned. Products
were purified by flash chromatography on silica gel (100-200 mesh). All NMR spectra
were obtained on Bruker AVANCE III systems using CDCI3 or DMSO-ds as solvent,
TMS as internal standard substance, at 400 MHz for '"H NMR, 100 MHz for '*C NMR,
and 376 MHz for 'F NMR. The chemical shifts (§) are reported in ppm relative to
tetramethylsilane. The multiplicities of signals are designated by the following
abbreviations: s (singlet), d (doublet), t (triplet), q (quarter), m (multiplet), dd (doublet
and doublet), td (triplet and doublet). The mass spectra were indicated by GC-MS
(Thermo Fisher Scientific DSQ II). High-resolution mass spectrometry (HRMS) data
were obtained on an Agilent Technologies 1290-6540 UHPLC/Accurate-Mass
Quadrupole Time-of Flight (Q-TOF) LC/MS using ESI as ion source. Measured values
are reported to 4 decimal places of the calculated value. X-ray analysis was performed
with a single-crystal X-ray diffractometer (Gemini E). Melting points were measured
with a SGW X-4A microscopic melting point apparatus and were uncorrected.
Magnetic hot plate stirrer (MS-H-Pro") was purchased from DLAB Scientific Co., Ltd.
The material of the reaction vessel (Schlenk tubes) is borosilicate glass. ortho-
sulfonamide phenylacetylenes 1 and TT-CF3 'OTf 2 were prepared according to the
method in the literature.!*

2. Optimization of the reaction conditions

Table S1. Screening of Photocatalysts?*
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Entry Photocatalyst (5mol%) Yield® (%)

| . 28
2 Rose Bengal 32
3 Ru(bpy);Cl>'6H,0 32
4 Eosin' Y 40
5 Ir[dF(CF3):ppy]2(dtbbpy)PFs 44
6 [Ir(dtbbpy)(ppy)2]PFs 45
7 Jac-Ir(ppy)s 51
8 4CzIPN 60
9 Rhodaming 6G 23
10 [Mes-Acr']CIO4 26

#Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2 (0.3 mmol, 1.5 equiv.), Photocatalyst (5 mol%),
DMSO (2.0 mL), 30 °C, 6 h, air, 10 W blue LEDs. "Isolated yield.

Table S2. Screening of the Loading of Photocatalysts®

FsC
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1a 2 3a
Entry the volume of Catalyst Yield® (%)
1 10 mol% 60
2 5 mol% 60
3 4 mol% 63
4 3 mol% 70
5 2 mol% 71
6 1 mol% 58

aReaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2 (0.3 mmol, 1.5 equiv.), 4CzIPN, DMSO (2.0 mL), 30 °C, 6 h, air,
10 W blue LEDs. PIsolated yield.

Table S3. Screening of Solvent?
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Entry Solvent Yield® (%)

1 CH3;CN (2 mL) trace
2 DCE (2 mL) 26
3 Dioxane (2 mL) 32
4 THF (2 mL) 41
5 MeOH (2 mL) 44
6 DMAc (2 mL) 49
7 NMP (2 mL) 50
8 DMF (2 mL) 62
9 DMSO (2 mL) 71
10 DMSO (1 mL) 57
11 DMSO (3 mL) 65

aReaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2 (0.3 mmol, 1.5 equiv.), 4CzIPN (2 mol%), Solvent, 30 °C, 6 h,
air, 10 W blue LEDs. "Isolated yield.

Table S4. Screening of Temperature and Time?

o] 4CzIPN, DMSO
L : , .
N~ S Time, Temperature,
| O i _ 10 W blue LEDs N—S
CF;  OTf Nh%
o]

1a 2 3a
Entry Temperature (°C) Time(h) Yield® (%)
| 30 8 71
2 30 6 71
3 30 4 71
4 30 3 60
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5 20 4 40

6 30 4 71

7 40 4 65

#Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2 (0.3 mmol, 1.5 equiv.), 4CzIPN (2 mol%), DMSO (2.0 mL),
Temperature, Time, air, 10 W blue LEDs. PIsolated yield.

Table S5. Screening of Light Source®
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1a 2 3a
Entry Light source Yield® (%)
1 blue LEDs (10 W) 71
2 purple LEDs (10 W) 58
3 green LEDs (10 W) 55
4 white LEDs (10 W) 42
5 Dark NR
6 blue LEDs (3 W) 60
7 blue LEDs (6 W) 64

aReaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2 (0.3 mmol, 1.5 equiv.), 4CzIPN (2 mol%), DMSO (2.0 mL), 30
°C, 4 h, air, light source. PIsolated yield.

Table S6. Screening of atmosphere?
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3 N2 62

#Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2 (0.3 mmol, 1.5 equiv.), 4CzIPN (2 mol%), DMSO (2.0 mL), 30
°C, 4 h, 10 W blue LEDs, atmosphere. "Isolated yield.

3. General procedure for the synthesis of trifluoromethylated

dioxodibenzothiazepines

FaC
é S | S
T * N
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1 2 3

Experimental Procedure: A dried 25 mL Schlenk tube equipped with a magnetic stir
bar was charged with ortho-sulfonamide phenylacetylenes 1 (0.20 mmol, 1.0 equiv),
TT-CF3"OTf 2 (0.30 mmol, 1.5 equiv), 4CzIPN (2 mol%) and DMSO (2.0 mL). The
reaction mixture was then stirred at room temperature for 4 h under air atmosphere. The
reaction mixture was washed with water and extracted with ethyl acetate three times.
The combined organic layer was washed with saturated NaCl solution, dried with
anhydrous Na,SO4 and filtered. The filtrate was concentrated in vacuo. The crude
product was purified by flash column chromatography on silica gel (Petroleum
ether/EtOAc) to afford desired products 3.

4. Characterization data of products 3

F5;C

|

Cr

/0

(E)-2,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f][1,2]thiaz
epine 5,5-dioxide (3a)’

White solid, 71% yield (50.2 mg). M.p. = 127.6-128.9 °C. "H NMR (400 MHz, CICD3,
ppm) & 7.81 (d, J= 8.1 Hz, 1 H), 7.53 (dd, J=7.9 Hz, 1.3 Hz, 1 H), 7.45 (td, J="7.6
Hz, 1.6 Hz, 1 H), 7.39-7.29 (m, 3 H), 7.24 (s, 1 H), 6.22 (q, J= 7.8 Hz, 1 H), 3.39 (s,
3H), 2.43 (s, 3H); 3C NMR (100 MHz, CDCl;3, ppm): & 150.2 (q, J = 5.7 Hz), 143.3,
137.9, 137.5, 136.3, 135.3, 131.3, 131.0, 130.0, 129.1, 129.0, 129.0 (q, J = 2.3 Hz),
128.3,122.4 (q,J = 34.2 Hz), 122.1 (q, J=269.9 Hz), 38.5, 21.4; YF NMR (376 MHz,
CICDs3, ppm) 6 -56.19. MS (ESI) m/z: 353.1.
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(E)-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo[c,f][1,2] thiazepi
ne 5,5-dioxide (3b)
White solid, 67% yield (45.5 mg). M.p. = 145.8-147.1 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.96-7.93 (m, 1 H), 7.56-7.53 (m, 3 H), 7.47-7.43 (m, 2 H), 7.38 (td, J= 7.5 Hz,
1.4 Hz, 1 H), 7.33-7.30 (m, 1 H), 6.22 (q, J = 7.8 Hz, 1 H), 3.41 (s, 3 H); *C NMR
(100 MHz, CDCl3, ppm): 6 150.1 (q, J = 5.7 Hz), 140.9, 137.5, 136.2, 135.4, 132.5,
131.1, 130.7, 130.0, 129.2, 129.1 (q, J = 2.3 Hz), 128.7, 128.4, 122.8 (q, J = 34.2 Hz),
122.1 (q, J = 269.9 Hz), 38.6; 'F NMR (376 MHz, CICDs, ppm) & -56.24. HRMS
(ESI-TOF) m/z: [M + H] " Caled for Ci6Hi3F3NO2S™ 340.0614; Found 340.0614.

F3C

l

2

N-S3,
/0

(E)-2-(tert-butyl)-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo| c,
f111,2]thiazepine 5,5-dioxide (3c¢)

White solid, 78% yield (61.7 mg). M.p. = 159.0-161.5 °C. "TH NMR (400 MHz, CICD3,
ppm) 6 7.86 (d, /J=8.4 Hz, 1 H), 7.58-7.53 (m, 2 H), 7.46 (td, /J="7.5 Hz, 1.8 Hz, 1 H),
7.40-7.33 (m, 3 H), 6.20 (q, J = 7.8 Hz, 1 H), 3.40 (s, 3 H), 1.36 (s, 9 H); ¥C NMR
(100 MHz, CDCl3, ppm): 6 156.4, 150.8 (q, J = 5.5 Hz), 137.9, 137.7, 136.3, 135.2,
131.0, 130.1, 129.1, 129.1 (q, J = 2.4 Hz), 128.2, 128.1, 122.5 (q, J = 34.1 Hz), 122.2
(q, J=269.9 Hz), 38.5, 35.3, 31.2; YFNMR (376 MHz, CICD3, ppm) & -56.07. HRMS
(ESI-TOF) m/z: [M + H] * Caled for C20H21F3NO,2S™ 396.1240; Found 396.1240.

Fs;C
| OMe

2

N-S5,
/0

(E)-2-methoxy-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f][1,
2]thiazepine 5,5-dioxide (3d)
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White solid, 45% yield 33.4 mg). M.p. = 135.5-137.5 °C. "TH NMR (400 MHz, CICD3,
ppm) 6 7.87 (d, J=8.8 Hz, 1 H), 7.53 (dd, /= 7.8 Hz, 1.3 Hz, 1 H), 7.46 (td, J = 7.6,
1.6 Hz, 1 H), 7.37 (td, J= 7.5 Hz, 1.4 Hz, 1 H), 7.30 (d, /=7.8 Hz, 1 H), 7.02 (dd, J =
8.8Hz, 2.6 Hz, 1 H), 6.88 (d, J=2.6 Hz, 1 H), 6.22 (q, /= 7.7 Hz, 1 H), 3.89 (s, 3 H),
3.38 (s, 3 H); *C NMR (100 MHz, CDCl3, ppm): § 162.2, 150.1 (q, /= 5.7 Hz), 137.3,
137.2,136.4,132.6, 131.0, 130.4, 130.0, 129.1, 129.0 (q, J=2.2 Hz), 122.6 (q, /= 34.1
Hz), 122.1 (g, J = 270.0 Hz), 115.5, 114.0, 55.9, 38.5; ’F NMR (376 MHz, CICD3,
ppm) & -56.27. HRMS (ESI-TOF) m/z: [M + H] " Caled for C17HisF3NO,.S" 370.0719;
Found 370.0717.

FsC
| F
N-53,
/0

(E)-2-fluoro-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f][1,2]
thiazepine 5,5-dioxide (3e)

White solid, 62% yield (44.3 mg). M.p. = 134.6-136.2 °C. "TH NMR (400 MHz, CICD3,
ppm) & 7.95 (dd, J=8.8 Hz, 5.4 Hz, 1 H), 7.55-7.47 (m, 2 H), 7.40 (td, /= 7.6 Hz, 1.6
Hz, 1 H), 7.33-7.30 (m, 1 H), 7.24-7.21 (m, 1 H), 7.16 (dd, J =9.0 Hz, 2.6 Hz, 1 H),
6.24 (q,J= 7.7 Hz, 1 H), 3.40 (s, 3 H); 3C NMR (100 MHz, CDCls, ppm): & 164.1 (d,
J=254.3 Hz), 149.0 (q, J=6.2 Hz), 138.0 (d,J=7.9 Hz), 137.0 (d, /= 3.7 Hz), 136.7,
136.1, 131.4, 131.2, 131.1, 130.1, 129.4, 129.2 (q, J = 2.5 Hz), 123.6 (q, J = 34.3 Hz),
121.9 (q,J=270.0Hz), 117.9 (d,J=21.9 Hz), 115.6 (d, J=23.5 Hz),, 38.5, 35.3, 31.2;
YF NMR (376 MHz, CICDs, ppm) § -56.40, -105.36. HRMS (ESI-TOF) m/z: [M + H]
* Calcd for Ci16H12F4NO,S* 358.0519; Found 358.0519.

F4C
| cl
NS5,
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(E)-2-chloro-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo[c,f][1,2]
thiazepine 5,5-dioxide (3f)

White solid, 55% yield (41.1 mg). M.p. = 120.3-122.1 °C. "H NMR (400 MHz, CICD3,
ppm) & 7.88 (d, J=8.5 Hz, 1 H), 7.55-7.47 (m, 3 H), 7.45 (d,J=2.1 Hz, 1 H), 7.40 (td,
J=7.4Hz, 1.5Hz,1H),732(d,J=7.7Hz, 1H),6.25(q,/J=7.6 Hz, 1 H), 3.39 (s, 3
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H); 13C NMR (100 MHz, CDCls, ppm): 5 148.9 (q, J = 5.6 Hz), 139.3, 138.4, 136.9,
136.7, 136.0, 131.4, 130.7, 130.0, 129.9, 129.4, 129.2 (q, J = 2.2 Hz), 128.4, 123.6 (q,
J=34.4Hz),121.7 (q,J=270.1 Hz), 38.6; "’F NMR (376 MHz, CICDs, ppm) 3 -36.39.
HRMS (ESI-TOF) m/z: [M + H] * Caled for CisH2CIFsNO,S* 374.0224; Found
374.0222.

(E)-2-bromo-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f][1,2]
thiazepine 5,5-dioxide (3g)

White solid, 60% yield (50.1 mg). M.p. = 155.4-156.9 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.80 (d, J=8.4 Hz, 1 H), 7.67 (dd, J=8.5Hz, 2.0 Hz, 1 H), 7.61 (d, J=2.0 Hz,
1 H), 7.55-7.47 (m, 2 H), 7.40 (td, J=7.4 Hz, 1.5 Hz, 1 H), 7.31 (d, J=7.6 Hz, 1 H),
6.25 (q, J = 7.6 Hz, 1 H), 3.39 (s, 3 H); *C NMR (100 MHz, CDCls, ppm): 148.7 (q,
J=5.5Hz), 139.9, 136.9, 136.7, 136.0, 133.6, 131.4, 131.3,130.0, 129.9, 129.4, 1229.2
(q,J=2.3 Hz), 126.7, 123.6 (q, J = 34.4 Hz), 121.9 (q, J = 270.2 Hz), 38.6; ’F NMR
(376 MHz, CICD3, ppm) & -56.38. HRMS (ESI-TOF) m/z: [M + H] © Calcd for
Ci6H12BrFsNO2S" 417.9719; Found 417.9718.

FsC
l CF3
N—=Sg
/ 1170

o)

(E)-6-methyl-11-(2,2,2-trifluoroethylidene)-2-(trifluoromethyl)-6,11-dihydrodibe
nzo[c,f][1,2]thiazepine 5,5-dioxide (3h)

White solid, 65% yield (53.0 mg). M.p. = 161.2-162.7 °C. "H NMR (400 MHz, CICD3,
ppm) o 8.08 (d, /J=8.3 Hz, 1 H), 7.80 (dd, /=8.4 Hz, 1.1 Hz, 1 H), 7.70 (s, 1 H), 7.57-
7.49 (m,2 H), 7.42 (td, J=7.4Hz, 1.5 Hz, 1 H), 7.35(d, /= 7.6, 1 H), 6.30 (q, J=7.5
Hz, 1 H), 3.42 (s, 3 H); *C NMR (100 MHz, CDCl;, ppm): §, 148.9 (q, J = 5.5 Hz),
144.3,136.7, 136.1, 135.8, 123.4 (q, /= 33.3 Hz), 131.5, 130.1, 129.6, 129.4, 129.3 (q,
J=2.4Hz),127.4(q,J=3.6 Hz), 125.7 (q, J=270.0 Hz), 124.1 (q, /= 34.5 Hz), 121.8
(g, J = 270.3 Hz), 121.6, 38.7; "’F NMR (376 MHz, CICD3, ppm) & -56.41, -63.11.
HRMS (ESI-TOF) m/z: [M + H] © Caled for Ci7H12FeNO>S* 408.0487; Found

S9



408.0495.

methyl (E)-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f][1,2]t
hiazepine-2-carboxylate 5,5-dioxide (3i)

White solid, 57% yield (45.3 mg). M.p. = 198.7-199.6 °C. "H NMR (400 MHz, CICD3,
ppm) 6 8.16 (dd, /=8.3, 1.7 Hz, 1 H), 8.11 (d, J=1.7 Hz, 1 H), 8.02 (d, /=8.2 Hz, 1
H), 7.55-7.47 (m, 2 H), 7.41 (td, J= 7.5 Hz, 1.4 Hz, 1 H), 7.33 (d, J = 7.6 Hz, 1 H),
6.30 (q, J = 7.6 Hz, 1 H), 3.99 (s, 3 H), 3.41 (s, 3 H); 3*C NMR (100 MHz, CDCls,
ppm): & 165.2, 149.2 (q, J = 5.3 Hz), 144.7, 137.0, 135.9, 135.7, 133.7, 131.4, 130.3,
130.1, 130.0, 129.5, 129.2 (q, J = 2.4 Hz), 128.9, 123.7 (q, J = 34.3 Hz), 121.9 (q, J =
270.3 Hz), 53.0, 38.7; Y’F NMR (376 MHz, CICDs, ppm) & -56.33. HRMS (ESI-TOF)
m/z: [M + H] " Calcd for CisHisF3NO4S* 398.0668; Found 398.0668.

FsC
| CN

Crd

N-5%,
/0

(E)-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f][1,2] thiazepi
ne-2-carbonitrile 5,5-dioxide (3j)

White solid, 50% yield (36.4 mg). M.p. = 207.6-208.9 °C. "TH NMR (400 MHz, CICDs,
ppm) 6 8.05 (d, /J=8.2 Hz, 1 H), 7.81 (dd, J=8.2Hz, 1.6 Hz, 1 H), 7.77 (d,J=1.7 Hz,
1 H), 7.56-7.50 (m, 2 H), 7.43 (td, /= 7.4 Hz, 1.8 Hz, 1 H), 7.34 (d, /= 7.7 Hz, 1 H),
6.29 (q,J=7.5Hz, 1 H), 3.41 (s, 3 H); 3C NMR (100 MHz, CDCls, ppm): & 148.2 (q,
J=5.3Hz), 145.0, 136.4, 136.3, 135.7, 133.6, 132.3, 131.7, 130.1, 129.7, 129.5, 129.3
(9, J=2.2 Hz), 124.5 (q, J = 34.8 Hz), 121.7 (q, J = 270.4 Hz), 116.7, 116.4, 38.8; ’F
NMR (376 MHz, CICDs, ppm) 8 -56.48. HRMS (ESI-TOF) m/z: [M + H] " Calcd for

C17H12F3N202S" 365.0566; Found 365.0574.
Fs;C OCF;4

O\ ()
N-Ss0
o)
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(E)-6-methyl-11-(2,2,2-trifluoroethylidene)-2-(trifluoromethoxy)-6,11-dihydrodib
enzo[c,f][1,2]thiazepine 5,5-dioxide (3Kk)

White solid, 55% yield (46.7 mg). M.p. = 110.7-111.9 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.99 (d, J=8.7 Hz, 1 H), 7.56-7.48 (m, 2 H), 7.43-7.38 (m, 2 H), 7.35-7.29 (m,
2 H), 6.26 (q,J=7.5Hz, 1 H), 3.41 (s, 3 H); 3C NMR (100 MHz, CDCls, ppm): 151.3
(d, J=1.8 Hz), 148.8 (q, J = 5.6 Hz), 139.3, 137.6, 136.6, 136.0, 131.5, 130.7, 130.1,
129.5, 129.3 (q, J = 2.4 Hz), 123.9 (q, J = 34.4 Hz), 122.3, 121.8 (q, J = 270.0 Hz),
120.5, 120.3 (q, J = 258.4 Hz), 38.7; Y’F NMR (376 MHz, CICD3, ppm) & -56.43, -
57.71. HRMS (ESI-TOF) m/z: [M + H] " Caled for Ci17H12F¢NO3S™ 424.0437; Found

424.0440.

FsC—, ©
~)
g

(E)-1-chloro-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo[c,f][1,2]
thiazepine 5,5-dioxide (31)

White solid, 27% yield (20.2 mg). M.p. = 146.6-147.9 °C. "TH NMR (400 MHz, CICDs,
ppm) 0 7.92 (d, J=2.1 Hz, 1 H), 7.54-7.46 (m, 3 H), 7.42-7.38 (m, 2 H), 7.31 (d, J =
7.6 Hz, 1 H), 6.21 (q, J = 7.7 Hz, 1 H), 3.40 (s, 3 H); '*C NMR (100 MHz, CDCl;,
ppm): 6 149.0 (q, J = 5.4 Hz), 142.2, 137.0, 136.9, 135.8, 133.6, 132.6, 131.3, 130.1,
130.0, 129.4, 129.1 (q, J = 2.1 Hz), 128.4, 123.2 (q, J = 34.3 Hz), 121.9 (q, J=270.0
Hz), 38.7; ’F NMR (376 MHz, CIC D3, ppm) & -56.33. HRMS (ESI-TOF) m/z: [M +

H] * Caled for Ci6Hi2CIF3NO2S" 374.0224; Found 374.0222.
F3C

(E)-3-chloro-6-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo[c,f][1,2]
thiazepine 5,5-dioxide (31)

White solid, 27% yield (20.2 mg). M.p. = 162.7-164.3 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.85 (dd, J=7.9 Hz, J=1.0 Hz, 1 H), 7.66 (dd, J = 8.0 Hz, J= 1.1 Hz, 1 H),
7.48-7.41 (m, 4 H), 7.38-7.34 (m, 1 H), 6.16 (q, J= 7.8 Hz, 1 H), 3.35 (s, 3 H); *C
NMR (100 MHz, CDCl3, ppm): 6 143.3 (q, J = 5.8 Hz), 141.9, 137.2, 136.9, 134.1,
133.0,132.2,131.1,130.3, 129.4 (q, J=2.6 Hz), 128.2, 127.9, 126.3, 125.5 (q, /= 33.9

Hz), 122.0 (q, J=270.3 Hz), 39.3; ’F NMR (376 MHz, CIC Ds, ppm) & -57.40. HRMS
S11



(ESI-TOF) m/z: [M + H] * Caled for C16H12CIFsNO,S* 374.0224; Found 374.0222.

(E)-1,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f][1,2]thiaz
epine 5,5-dioxide (3m)

White solid, 28% yield (19.8 mg). M.p. = 181.6-183.1 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.78 (d, J= 7.8 Hz, 1 H), 7.48-7.36 (m, 5 H), 7.32-7.28 (m, 1 H), 5.91 (q, J =
8.0 Hz, 1 H), 3.30 (s, 3 H), 2.51 (s, 3 H); *C NMR (100 MHz, CDCl3, ppm): § 146.7
(q, J=5.8 Hz), 142.2, 139.4, 138.3, 135.3, 134.1, 132.7, 130.8, 129.2 (q, J = 2.7 Hz),
128.9, 127.1, 127.0, 125.1, 123.1 (q, J = 33.8 Hz), 122.2 (q, /= 270.0 Hz), 39.4, 20.7,
YF NMR (376 MHz, CIC D3, ppm) & -57.02. HRMS (ESI-TOF) m/z: [M + H] * Calcd

for C17HisF3sNO2S™ 354.0770; Found 354.0768.
F3;C
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(E)-3,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f][1,2]|thiaz
epine 5,5-dioxide (3m’)

White solid, 28% yield (19.8 mg). M.p. = 196.1-197.9 °C. "TH NMR (400 MHz, CICD3,
ppm) 6 7.75 (s, 1 H), 7.53 (dd, /=7.8 Hz, J= 1.0 Hz, 1 H), 7.47-7.43 (m, 1 H), 7.39-
7.29 (m, 4 H), 6.19 (q, J = 7.8 Hz, 1 H), 3.40 (s, 3 H), 2.39 (s, 3 H); 3C NMR (100
MHz, CDCl3, ppm): 6 150.0 (q, J = 5.5 Hz), 141.4, 140.5, 137.7, 136.1, 133.3, 132.6,
130.9, 130.1, 129.2,129.0 (q, /=2.5 Hz), 128.6, 128.5, 127.9, 126.3, 122.3 (q, /= 34.0
Hz), 122.1 (q, J = 269.8 Hz), 38.6, 21.1; ’F NMR (376 MHz, CIC Ds, ppm) & -56.16.
HRMS (ESI-TOF) m/z: [M + H] © Caled for Ci7HisF3NO>S* 354.0770; Found
354.0768.

(E)-2,6,9-trimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f][1,2] thi
azepine 5,5-dioxide (30)
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White solid, 59% yield (43.5 mg). M.p. = 123.6-125.3 °C. '"H NMR (400 MHz, CICD3,
ppm) & 7.81 (d, J=8.1 Hz, 1 H), 7.40 (d, J= 8.0 Hz, 1 H), 7.33 (dd, /= 8.0 Hz, 0.8 Hz,
1 H), 7.25-7.21 (m, 1 H), 7.21 (d, J= 1.8 Hz, 1 H), 7.09 (s, 1 H), 6.19 (q, /= 7.8 Hz, 1
H), 3.37 (s, 3 H), 2.43 (s, 3 H), 2.35 (s, 3 H); 3C NMR (100 MHz, CDCl;, ppm): &
150.4 (q, J = 5.7 Hz), 143.2, 139.4, 138.0, 137.4, 135.5, 133.5, 131.6, 131.3, 129.8,
129.4 (q, J = 2.2 Hz), 129.0, 128.5, 122.2 (q, J = 34.1 Hz), 122.2 (q, J = 269.9 Hz),
38.6,21.5,21.3; ’FNMR (376 MHz, CICD3, ppm)  -56.21. HRMS (ESI-TOF) m/z:
[M + H] * Caled for CisHi7F3NO,S* 368.0927; Found 368.0926.

(E)-9-methoxy-2,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,
f111,2]thiazepine 5,5-dioxide (3p)

White solid, 53% yield (40.9 mg). M.p. = 139.7-141.2 °C. "TH NMR (400 MHz, CICD3,
ppm) 6 7.80 (d, J=8.1 Hz, 1 H), 7.43 (d, J=2.2 Hz, 1 H), 7.34 (dd, /= 8.1 Hz, 0.8 Hz,
1 H), 8.23 (s, 1 H), 6.93 (dd, J=8.7 Hz, 2.9 Hz, 1 H), 6.79 (d, J=2.1 Hz, 1 H), 6.21
(g, J=17.8 Hz, 1 H), 3.78 (s, 3 H), 3.36 (s, 3 H), 2.43 (s, 3 H); *C NMR (100 MHz,
CDCIs, ppm): 159.7, 150.1 (q, J = 5.3 Hz), 143.1, 138.8, 138.1, 135.1, 131.4, 129.1,
128.5, 122.1 (q, J = 270.0 Hz), 122.4 (q, J = 34.2 Hz), 116.0, 114.1 (q, J = 2.5 Hz),
55.7,38.7,21.4; F NMR (376 MHz, CICD3, ppm) § -56.13. HRMS (ESI-TOF) m/z:
[M + H] ' Caled for CisHi7F3sNO3S" 384.0876; Found 384.0879.

F,C
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(E)-2,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|[c,f][1,2]thiaz
epine-9-carbonitrile 5,5-dioxide (3q)

White solid, 73% yield (55.5 mg). M.p. = 168.4-170.1 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.82-7.74 (m, 2 H), 7.63-7.60 (m, 2 H), 7.39 (d, /=8.0 Hz, 1 H), 6.25 (q, J =
7.6 Hz, 1 H), 3.39 (s, 3 H), 2.46 (s, 3 H); '3C NMR (100 MHz, CDCls, ppm): 147.9 (q,
J=5.4Hz), 144.1,141.1,137.5,137.1, 134.6, 134.5, 134.2,132.9 (q, J=2.7Hz), 131.7,
130.3, 129.2,128.0, 123.7 (q, J = 34.5 Hz), 121.8 (q, J=270.0 Hz), 117.4, 112.8, 38.3,
21.5; F NMR (376 MHz, CICD3, ppm) & -56.22. HRMS (ESI-TOF) m/z: [M + H] *

Calcd for CisH14F3N202S" 379.0723; Found 379.0727
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(E)-9-fluoro-2,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f]
[1,2]thiazepine 5,5-dioxide (3r)

White solid, 70% yield (52.0 mg). M.p. = 150.8-152.2 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.81 (d, J=8.1 Hz, 1 H), 7.51 (dd, J=8.7 Hz, 5.0 Hz, 1 H), 7.36 (dd, J = 8.0
Hz, 0.9 Hz, 1 H), 7.22 (s, 1 H), 7.14 (td, J=8.2 Hz, 2.9 Hz, 1 H), 7.01 (dd, /= 7.9 Hz,
2.4Hz, 1H),6.23(q,J=7.8Hz 1 H),3.37(s,3 H),2.44 (s, 3 H); 3C NMR (100 MHz,
CDCls, ppm): 6 162.2 (d, J=249.7 Hz), 148.8 (q, /= 4.1 Hz), 143.5, 139.6 (d, /=9.0
Hz), 137.9, 134.6, 132.3, 132.2, 131.7, 129.2, 128.5, 123.0 (d, /= 34.3 Hz), 121.9 (q,
J=270.2 Hz), 117.9 (d, J = 22.6 Hz), 116.1 (dd, J = 24.3 Hz, 2.5 Hz), 38.6, 21.5; YF
NMR (376 MHz, CICD3, ppm) & -56.29, -110.68. HRMS (ESI-TOF) m/z: [M + H] *
Calcd for C17H14F4NO2S™ 372.0676; Found 372.0674.

Fs;C
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(E)-9-chloro-2,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f]
[1,2]thiazepine 5,5-dioxide (3s)
White solid, 69% yield (53.4 mg). M.p. = 147.0-148.5 °C. "H NMR (400 MHz, CICDs,
ppm) 6 7.81 (d, J=8.1 Hz, 1 H), 7.47-7.40 (m, 2 H), 7.36 (dd, /= 8.1 Hz, 0.9 Hz, 1 H),
7.30(d,J=09Hz,1H),7.22 (s, 1 H), 6.23(q,J=7.7Hz, 1 H), 3.37 (s, 3 H), 2.44 (s,
3 H); 3C NMR (100 MHz, CDCls, ppm): & 148.7 (q, J= 5.7 Hz), 143.5, 139.0, 137.8,
135.0, 134.9, 134.7, 131.6, 131.4, 131.1, 129.1, 128.9 (q, J = 2.3 Hz), 128.4, 123.1 (q,
J=32.3 Hz), 122.0 (q, J = 270.0 Hz), 38.5, 21.5; F NMR (376 MHz, CICD3, ppm) &
-56.27. HRMS (ESI-TOF) m/z: [M + H] © Calcd for Ci7H14CIFsNO,S™ 388.0380;
Found 388.0382.
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(E)-9-bromo-2,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo| c,f]
[1,2]thiazepine 5,5-dioxide (3t)

White solid, 62% yield (53.5 mg). M.p. = 163.2-164.8 °C. "H NMR (400 MHz, CICD3,
ppm) & 7.81 (d, J=28.1 Hz, 1 H), 7.58 (dd, /= 8.4 Hz, 2.3 Hz, 1 H), 7.45 (d, /= 1.0 Hz,
1 H), 739 (d, J=8.4 Hz, 1 H), 7.36 (dd, /= 8.1 Hz, 0.9 Hz, 1 H), 7.22 (s, 1 H), 6.23
(g, J= 7.7 Hz, 1 H), 3.37 (s, 3H), 2.44 (s, 3H); '3C NMR (100 MHz, CDCl;, ppm):
148.7 (q, J = 5.7 Hz), 143.6, 139.2, 137.8, 135.5, 134.7, 134.1, 131.8 (q, J = 2.6 Hz),
131.63, 131.62, 129.1, 128.4, 123.0 (q, J = 34.2 Hz), 122.9, 122.0 (q, J = 270.2 Hz),
38.4,21.5; YFNMR (376 MHz, CICD3, ppm) & -56.26. HRMS (ESI-TOF) m/z: [M +
H] " Calcd for C17H14BrF3sNO2S* 431.9875; Found 431.9872.

OO
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(E)-8-fluoro-2,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f]
[1,2]thiazepine 5,5-dioxide (3u)

White solid, 71% yield (52.8 mg). M.p. = 134.8-136.3 °C. "TH NMR (400 MHz, CICD3,
ppm) 6 7.81 (d, J=8.1 Hz, 1 H), 7.36 (d, J=8.1 Hz, 1 H), 7.28 (dd, /= 8.3 Hz, 6.6 Hz,
1 H), 7.25-7.23 (m, 2 H), 7.08 (td, /= 8.3 Hz, 2.5 Hz, 1 H), 6.21 (q, J = 7.8 Hz, 1 H),
3.37 (s, 3 H), 2.44 (s, 3 H); 3C NMR (100 MHz, CDCls, ppm): & 163.5 (d, J = 250.6
Hz), 149.3 (q, /= 5.4 Hz), 143.6, 138.2 (d, J=10.2 Hz), 137.6, 135.2,133.2(d, J=3.4
Hz), 131.5 130.5 (dd, J=9.2 Hz, 2.5 Hz), 129.1, 128.3, 123.0 (q, J = 34.0 Hz), 122.1
(q,J=270.0 Hz), 117.2 (d, J = 22.5 Hz), 116.4 (d, J = 21.6 Hz), 38.4, 21.5; ’F NMR
(376 MHz, CICDs, ppm) 8 -56.24, -108.90. HRMS (ESI-TOF) m/z: [M + H] " Calcd
for C17H14F4sNO2S" 372.0676; Found 372.0678.
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(E)-8-chloro-2,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f]
[1,2]thiazepine 5,5-dioxide (3v)

White solid, 69% yield (53.5 mg). M.p. = 176.1-177.7 °C. "H NMR (400 MHz, CICDs,
ppm) 6 7.81 (d, J=8.1 Hz, 1 H), 7.52 (d, J= 2.0 Hz, 1 H), 7.37-7.34 (m, 2 H), 7.25-
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7.23 (m, 2 H), 6.22 (q, J= 7.8 Hz, 1 H), 3.37 (s, 3 H), 2.44 (s, 3 H); 3C NMR (100
MHz, CDCLs, ppm): 8 149.2 (g, J = 5.6 Hz), 143.6, 137.7, 136.3, 135.7, 131.5, 130.2,
130.0 (q, J = 2.6 Hz), 129.4, 129.1, 128.3, 123.0 (q, J = 34.2 Hz), 122.0 (q, J = 270.0
Hz), 38.5, 21.5; F NMR (376 MHz, CICDs, ppm) & -56.20. HRMS (ESI-TOF) m/z:
[M + H] * Calcd for C17H14CIFsNO,S* 388.0380; Found 388.0382.

(E)-8-bromo-2,6-dimethyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f]
[1,2]thiazepine 5,5-dioxide (3w)

White solid, 73% yield (63.0 mg). M.p. = 186.0-187.3 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.81 (d, J=8.1 Hz, 1 H), 7.68 (d, J=1.9 Hz, 1 H), 7.50 (dd, /= 8.2 Hz, 1.9 Hz,
1 H), 7.36 (dd, J=8.1 Hz, 0.9 Hz, 1 H), 7.22 (s, 1 H), 7.18 (d, J=8.2 Hz, 1 H), 6.22
(q,J=7.7Hz, 1 H), 3.37 (s, 3 H), 2.44 (s, 3 H); *C NMR (100 MHz, CDCls, ppm):
149.2 (q, J=5.3 Hz), 143.6, 137.7, 137.6, 136.2, 134.8, 133.1, 132.3, 131.5, 130.2 (q,
J=23Hz), 129.1, 128.3, 124.1, 123.0 (q, J = 34.2 Hz), 122.0 (q, J = 269.9 Hz), 38.5,
21.5; Y’F NMR (376 MHz, CICDs, ppm) & -56.18. HRMS (ESI-TOF) m/z: [M + H] *

Calcd for C17H14BrF3NO,S" 431.9875; Found 431.9874.
FsC
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(E)-6-isopropyl-2-methyl-11-(2,2,2-trifluoroethylidene)-6,11-dihydrodibenzo|c,f]
[1,2]thiazepine 5,5-dioxide (3x)°

White solid, 79% yield (60.2 mg). M.p. = 145.1-146.9 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.84 (d,J=8.1 Hz, 1 H), 7.53 (dd, /= 7.9 Hz, 1.3 Hz, 1H), 7.46 (td, J="7.6 Hz,
1.7 Hz, 1 H), 7.38 (td, J="7.5, Hz 1.3 Hz, 1 H), 7.34-7.30 (m, 2 H), 7.24 (s, 1 H), 6.17
(q, /= 8.0 Hz, 1H), 4.64-4.57 (m, 1 H), 2.42 (s, 3 H), 1.49 (like s, 3 H), 1.19 (like s, 3
H); 3C NMR (100 MHz, CDCls, ppm): 150.2 (q, J = 5.5 Hz), 142.9, 139.3, 138.9,
135.4,132.9, 131.9, 131.3, 130.4, 129.5, 129.1, 129.1 (q, J = 4.9 Hz), 127.8, 122.2 (q,
J =269.7 Hz), 121.3 (q, J = 34.3 Hz), 54.2, 24.2, 21.6, 21.4; F NMR (376 MHz,
CICDs3, ppm) 6 -56.34. MS (ESI) m/z: 381.1.
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(E)-(2-methyl-5,5-dioxido-11-(2,2,2-trifluoroethylidene)dibenzo| c,f][1,2] thiazepin
-6(11H)-yl)(phenyl)methanone (3y)*

White solid, 70% yield (62.1 mg). M.p. = 179.5-181.0 °C. "H NMR (400 MHz, CICD3,
ppm) 6 7.89 (d, J=8.1 Hz, 1H), 7.82 (dd, J=8.0 Hz, 1.2 Hz, 1 H), 7.75-7.73 (m, 2 H),
7.52-7.38 (m, 4 H), 7.36-7.31 (m, 4 H), 7.23 (d, J="7.7Hz, 1 H), 6.26 (q, J= 7.7 Hz, 1
H), 2.47 (s, 3 H); C NMR (100 MHz, CDCls, ppm): 169.4, 147.9 (q, J = 5.4 Hz),
144.2,137.5,137.3, 134.6, 133.1, 132.9, 132.8, 132.6, 131.9, 130.7, 130.4, 130.1, 130.0,
129.0 (q, J = 2.3 Hz), 128.2, 127.7, 123.9 (q, J = 34.2 Hz), 121.6 (q, J = 270.2 Hz),
21.6; YF NMR (376 MHz, CICDs, ppm) & -56.56. MS (ESI) m/z: [M + H]" 444.1.
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tert-butyl (E)-2-methyl-11-(2,2,2-trifluoroethylidene)dibenzo|c,f][1,2]thiazepine-
6(11H)-carboxylate 5,5-dioxide (3z)°

White solid, 70% yield (61.5 mg). M.p. = 125.8-127.3 °C. "TH NMR (400 MHz, CICDs,
ppm) 6 7.89 (d, J=8.1 Hz, 1 H), 7.55 (dd, J=7.9 Hz, 1.4 Hz, 1 H), 7.49 (td, J= 7.6
Hz, 1.6 Hz, 1 H), 7.43-7.38 (m, 2 H), 7.34-7.33 (m, 2 H), 6.21 (q,J=7.7 Hz, 1 H), 2.46
(s, 3H), 1.39 (s, 9 H); 3C NMR (100 MHz, CDCls, ppm): 149.5, 148.4 (q, J = 5.7 Hz),
144.1, 137.2, 136.1, 134.6, 133.2, 131.6, 131.1, 130.7, 130.3, 129.6, 128.8 (q, J = 2.6
Hz), 127.6, 124.1 (q, J = 34.3 Hz), 121.8 (q, J = 270.2 Hz), 85.4, 27.6, 21.5; Y’F NMR
(376 MHz, CICD3, ppm) & -56.08. MS (ESI) m/z: [M + H]" 440.1.

5. Mechanistic Experiments
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Standard Conditions
(@) L . . O
N™n S TEMPO (2.0 equiv.)
| O ' - N-S
CF3  OTf / (l)l\\o

1a 2 3a, Trace

(a) A dried 25 mL Schlenk tube equipped with a magnetic stir bar was charged with N-
(2-ethynylphenyl)-N,4-dimethylbenzenesulfonamide 1a (0.20 mmol, 1.0 equiv), TT-
CF;"OTf 2 (0.30 mmol, 1.5 equiv), 4CzIPN (2 mol%), TEMPO (0.4 mmol, 2.0 equiv)
and DMSO (2.0 mL). The reaction mixture was then stirred at room temperature for 4
h under air atmosphere. The reaction mixture was washed with water and extracted with
ethyl acetate three times. The combined organic layer was washed with saturated NaCl
solution, dried with anhydrous Na>SO4 and filtered. The filtrate was concentrated in
vacuo. The analysis of crude mixture showed that the yield of 3a was completely

inhibited.

©\/ ©: :@ Standard Conditions O CF;
S
O JL h (2.0 equiv.) O

CFs ot P
1a 2 3a, 0% 4, detected by GC-MS

O

(b) A dried 25 mL Schlenk tube equipped with a magnetic stir bar was charged with N-
(2-ethynylphenyl)-N,4-dimethylbenzenesulfonamide 1a (0.20 mmol, 1.0 equiv), TT-
CF;"OTf 2 (0.30 mmol, 1.5 equiv), 4CzIPN (2 mol%), 1, 1-diphenylethylene (0.4
mmol, 2.0 equiv) and DMSO (2.0 mL). The reaction mixture was then stirred at room
temperature for 4 h under air atmosphere. The reaction mixture was washed with water
and extracted with ethyl acetate three times. The combined organic layer was washed
with saturated NaCl solution, dried with anhydrous Na,SO4 and filtered. The filtrate
was concentrated in vacuo. The analysis of crude mixture showed that the yield of 3a
was totally suppressed. The expected adduct 4 was observed by GC-MS as following:
GC-MS (m/z, relative intensity): 248 (M ", 90), 178 (100), 165 (100), 151 (30), 89 (43),
76 (37). The data for the adduct 4 were in accordance with the ones previously reported
in the literature.*

518



LP-3A-43-2#1698 RT: 917 AV: 1 NL: 8.69E6
T: {0.0} + c EIFullms [40.00-500.00]

1004 1651 1782

1791
959

90
851 2481
80
759
709
659

60

151.1
152.0

1271 227.0

176.0
180.0 2492

183.1 207.1
1151 | 1390 1500 || 164.1 ‘ 196.1
WL UL

H\mm \‘ u‘ I | ‘H 12502 2678 2770 2978 3174 3312 3463 3572 3766

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
miz

Figure S1. GC-MS (m/z) of adduct 4

247.0

2250 | 233.1
hzee lll,] 20

184.1 ‘ |
[T Il

6. X-ray crystallographic data of 3a

The product 3a was recrystallized from petroleum ether/EtOAc. Further information
can be found in the CIF file. This crystal was deposited in the Cambridge
Crystallographic Data Centre and assigned as CCDC 2425399.

Figure S2. X-ray crystal structure of 3a  (CDCC: 2425399)

Table S7. Crystal data and structure refinement for 3a.

Identification code 3a

Empirical formula C17H14F3NO>S
Formula weight 353.35
Temperature/K 150

S19



Crystal system triclinic

Space group P-1
a/lA 7.8410 (4)
b/A 9.9763 (5)
c/A 10.8160 (6)
o/° 90.279 (6)
p/e 101.789 (5)
v/° 106.790 (5)
Volume/A; 791.07 (8)
Z 2
pcalcg/cm’ 1.483
p/mm’! 0.247
F(000) 364.0
Crystal size/mm? 0.16 x 0.11 x 0.1
Radiation Mo Ka (A=0.71073)
20 range for data collection/° 5.556 to 52.742
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Figure S53. '’F NMR (376 MHz, CDCl;) of compound 3p
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Figure S54. "H NMR (400 MHz, CDCls) of compound 3q
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Figure S55. '°C NMR (100 MHz, CDCI;) of compound 3q
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Figure S57. "H NMR (400 MHz, CDCl5) of compound 3r
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Figure S58. °C NMR (100 MHz, CDCl;) of compound 3r
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Figure S65. "F NMR (376 MHz, CDCl;) of compound 3t
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Figure S69. '"H NMR (400 MHz, CDCls) of compound 3v
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S54



—-56.199

FsC.
L
o
L= |\
cl /\N—s‘%\
I &o
19F
CDCI3
T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
Figure S71. ”F NMR (376 MHz, CDCl;) of compound 3v
82380 R0hIBNBBILER 2 3
ROVOOIBTITONMONN" = AN v © &N
FsC.
L
w@hﬂ
N-S,
/ 8o
1H
CDCI3
[ L , J A
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
Sas8les |8 S 3
~lol+Irl+~lo -~ @ @

Figure S72. "H NMR (400 MHz, CDCl5) of compound 3w

S55



Livie—

92586 —

2re'oL
094LL W
Ly

cs6'LLL
$s9'02h
ovveeh
€822t
gehect
et oR AR
L9V'EC) A
850 et
$s0'92L

ope'szl
80’62t
002°0€ L ~\.
mww.omrv
6v20EL -/
mmm._vm_v\
0seeel
€90°EEL-fir
ev8vEL
€12'9€L |
6L9°LEL
Gel'lel
8/G°EYL-
[A4%94%
861’67l

Reralsl 48
L0E6YL-

13C
CDCI3

Ll M

10 ppm

20

30

60

70

160 150 140 130 120 110 100 96
Figure S73. *C NMR (100 MHz, CDCl;) of compound 3w

170

¥81°96——

S56

Figure S74. ’F NMR (376 MHz, CDCl;) of compound 3w

19F
CDCI3




10 ppm

40 30 20

50

70

£
Q
Q
Sov' 12
F - 096 12>
681’1 — —160€ 82v2—"
: 266 v
S6p' L — =
- oy 1m
= <801’ 3
— ) E
e g
Fe m 16105 —
(&)
€ISV rm
065 °
109% - =
Ve m VBILN
Y9y Sy,
6519 =80 @) nord
6519 )
6.1'9 Lo N
oz = p0Z'8LL
055t = 181°021
o6 . o 868021
eee . L — = selizl
R = S6G'E2I
o5t 6660 = 262921
vie F" _Jeloz Z €20°12}
o =180°t 2vo'62k
o6 L Gl hh 690621
Py 10} W [CANGTAS
bedy 3 £€5'624
4347 P \esee -& SEY'OEL
gers 12€°1EL
Jas e 886'1E}
20z = 816°2E1
Sis Fo oh £07'GE}
UYL B = B e
025°L (L ¢ o g
b e g 6/8'2b1
el $ o © 501051
it ) .f//A, 4\ pie 191°051
et ) 912°05H
s 21205}

S57

110

120

130

160 150 140
Figure S76. °C NMR (100 MHz, CDCl;) of compound 3x

170




-56.335

19F
CDCI3

T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

Figure S77. ”F NMR (376 MHz, CDCl5) of compound 3x
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Figure S78. "H NMR (400 MHz, CDCls) of compound 3y
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Figure S83. '’F NMR (376 MHz, CDCl;) of compound 3z
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