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General Information. 'H, *C, and *°F NMR spectra were measured on a 400, 100, and 376 MHz
spectrometers in CDCls or DMSO-dg, respectively. If CDCl; used as solvent, 'H NMR spectra were
recorded with residual CDCl; (8 = 7.26 ppm) as internal reference; If DMSO-d, used as solvent, *H
NMR spectra were recorded with residual H,O (6 = 3.33 ppm) as internal reference; 3¢ NMR
spectra were recorded with CDCl; (6 = 77.00 ppm) as internal reference; *°F chemical shifts were
given as 6 in ppm downfield from CFCls. The following abbreviations (or combinations thereof) were
used to explain the *H, *C, and *°F NMR ultiplicities: s = singlet, d = doublet, t = triplet, q = quartet,
p = quintet, m = multiplet, br = broad. All of the new compounds were analyzed for HRMS on an
EI-TOF mass spectrometer using electrospray ionization in positive ion mode. The detection of
compound 5 was analyzed for HRMS on an accurate mass Q TOF LC/MS. Unless otherwise noted, all

reagents and substrates were obtained commercially and used without further purification.
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Table S1. Screening of Additives and Photocatalysts

O
photocatalyst H )ko
©/\ DMF/HZO CF3
OTf" rt, Ny
1a 2 3 4 W white LEDs 3a
Entry Photocatalyst Additive (2.0 equiv) | Yield’
1 RU(bPY)g(PF(;)z KzHPO4 10
2 RU(bDY)g(PFs)Z NaHC03 14
3 RU(bDY)g(PFs)z K2C03 N.D
4 fac-Ir(ppy)s 21
5 [Ir(ppy)2(bpy)]PFs 8
6 [Ir(ppy)2(dtbbpy)]PFe 18
7 Ir[dFppy],(dtbbpy)PFs --- 11

“The yields were determined by “F NMR spectroscopies of crude reaction mixtures with

1-chloro-4-(trifluoromethyl)benzene as an internal standard.

[Ir(ppy)2(dtbbpy)]PFe Ir[dFppy]z(dtbbpy)PFg
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General Procedure for the Reaction of Arylalkenes and Umemoto Reagent

A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with arylalkene 1 (1.2 equiv),
Umemoto reagent 2 (1.0 equiv), DMF or DMA (5.0 mL/mmol 2), H,0 (1.0 equiv) and Ru(bpy)s(PFe)2
(0.5 mol %). The mixture was evacuated and back-filled with nitrogen three times. The tube was
irradiated for 6 h by a 4 W white LED lamp placed at a distance of 1-2 cm. After that, 20 mL of water
was added to the reaction mixture, which was then extracted with ethyl acetate (50 mLx3). The
combined organic phases were washed with water, dried over MgSO, and concentrated in vacuum.
The residue was purified by silica gel column chromatography to give the corresponding product 3
or4.

3,3,3-Trifluoro-1-phenylpropyl formate (3a)
O

J

H O

©)\/CF3

3a

Following the general procedure, styrene 1a (125 mg, 1.2 mmol, 1.2 equiv), 2 (438 mg, 1.0 mmol,
1.0 equiv), DMF (5.0 mL), H,0 (18 uL, 1.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (4.3 mg, 0.005 mmaol,
0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel column
chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (161.2 mg, 74%). *H NMR (400 MHz, CDCl3): 6 = 2.51-2.63 (m, 1H),
2.80-2.93 (m, 1H), 6.22 (dd, J = 9.6, 3.6 Hz, 1H), 7.33-7.41 (m, 5H), 8.07 (s, 1H); B3¢ NMR (100 MHz,
CDCl3): 6 = 40.24 (q, J = 27.7 Hz), 69.07 (g, J = 3.3 Hz), 125.00 (g, J = 275.7 Hz), 126.35, 128.88,
128.97, 137.90, 159.36; YF NMR (376 MHz, CDCl3): 6 = -64.14 (s, 3F); HRMS (El): m/z calcd for
C10HoF30; [M]" 218.0555, found 218.0558.

3,3,3-Trifluoro-1-(p-tolyl)propyl formate (3b)
O

J

H O

/@/&CFS
Me

3b
Following the general procedure, 1-methyl-4-vinylbenzene 1b (142 mg, 1.2 mmol, 1.2 equiv), 2 (438

mg, 1.0 mmol, 1.0 equiv), DMF (5.0 mL), H,O (18 uL, 1.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (4.3
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mg, 0.005 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (194.1 mg, 84%). 'H NMR (400 MHz, DMSO-dy): 6 = 2.30 (s, 3H),
2.83-2.97 (m, 1H), 3.05-3.19 (m, 1 H), 6.09 (dd, J = 3.6, 9.2 Hz, 1H), 7.21 (d, J = 8.0 Hz, 2H), 7.34 (d, J
= 8.0 Hz, 2H), 8.30 (s, 1H); *C NMR (100 MHz, CDCls): & = 20.89, 40.00 (g, J = 28.0 Hz), 68.89 (q, J =
3.0 Hz), 125.08 (q, / = 276.0 Hz), 126.29, 129.43, 134.95, 138.82, 159.36; ¥ NMR (376 MHz, CDCls):
6 =-64.13 (s, 3F); HRMS (EI): m/z calcd for C11H11F30, [M]*232.0711, found 232.0714.

1-(4-Tert-butylphenyl)-3,3,3-trifluoropropyl formate (3c)
0]

J

H* O

/@AVCFS
Bu

3c

Following the general procedure, 1-tert-butyl-4-vinylbenzene 1c (384 mg, 2.4 mmol, 1.2 equiv), 2
(876 mg, 2.0 mmol, 1.0 equiv), DMF (10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PF¢),
(8.6 mg, 0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (473.6 mg, 86%). *H NMR (400 MHz, CDCl3): 6 = 1.31 (s, 9H), 2.49-2.61 (m,
1H), 2.80-2.93 (m, 1H), 6.21 (dd, J = 9.4, 3.4 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H),
8.06 (s, 1H); *C NMR (100 MHz, CDCl5): & = 31.18, 34.60, 40.16 (q, J = 28.3 Hz), 68.85 (g, J = 3.3 Hz),
125.11 (q, J = 276.0 Hz), 125.80, 126.14, 134.87, 152.09, 159.44; YF NMR (376 MHz, CDCl5): 6 =
-64.21 (s, 3F); HRMS (El): m/z calcd for C14H17F30, [M]"274.1181, found 274.1184.

1-(Biphenyl-4-yl)-3,3,3-trifluoropropyl formate (3d)
O

J

H* O

/©)VCF3
Ph

3d
Following the general procedure, 4-vinylbiphenyl 1d (432 mg, 2.4 mmol, 1.2 equiv), 2 (876 mg, 2.0
mmol, 1.0 equiv), DMF (10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PF¢), (8.6 mg, 0.01
mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel column

chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
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obtained as a white solid (534.1 mg, 91%). *H NMR (400 MHz, CDCl3): § = 2.55-2.67 (m, 1H),
2.84-2.98 (m, 1H), 6.27 (dd, J = 9.4, 3.8 Hz 1H), 7.37 (t, J = 7.2 Hz 1H), 7.43-7.47 (m, 4H), 7.57-7.62
(m, 4H), 8.10 (s, 1H); *C NMR (100 MHz, CDCl;): & = 40.18 (q, J = 28.3 Hz), 68.88 (g, J = 3.3 Hz),
125.02 (q, J = 276.0 Hz), 126.84, 127.09, 127.61, 127.64, , 128.82, 136.74, 140.20, 141.96, 159.44;
F NMR (376 MHz, CDCls): & = -64.07 (s, 3F); HRMS (El): m/z calcd for CigH13F30, [M]*294.0868,
found 294.0865.

1-(2,5-Dimethylphenyl)-3,3,3-trifluoropropyl formate (3e)
O

M

H> O

Me\(:ﬁ\/CFg
Me

3e

Following the general procedure, 1,4-dimethyl-2-vinylbenzene 1e (317 mg, 2.4 mmol, 1.2 equiv), 2
(876 mg, 2.0 mmol, 1.0 equiv), DMF (10.0 mL), H,O (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs)>
(8.6 mg, 0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (325.8 mg, 66%). 'H NMR (400 MHz, CDCl3): 6 = 2.32 (s, 3H), 2.39 (s, 3H),
2.42-2.49 (m, 1H), 2.74-2.87 (m, 1H), 6.39 (dd, J = 9.4, 3.0 Hz, 1H), 7.02-7.07 (m, 2H), 7.15 (s, 1H),
8.06 (s, 1H); B3¢ NMR (100 MHz, CDCls): 6 = 18.23, 20.84, 39.81 (q, J = 28.3 Hz), 65.94 (q, J = 2.7 Hz),
125.16 (q, J = 275.7 Hz), 126.12, 129.36, 130.66, 131.55, 136.12, 136.31, 159.35; *°F NMR (376 MHz,
CDCl5): 6 = -64.60 (s, 3F); HRMS (El): m/z calcd for C1,H13F30, [M]* 246.0868, found 246.0860.

3,3,3-Trifluoro-1-(4-fluorophenyl)propy! formate (3f)
O

J

H* O

/@)\/CF:;
F

3f
Following the general procedure, 1-fluoro-4-vinylbenzene 1f (144 mg, 1.2 mmol, 1.2 equiv), 2 (438
mg, 1.0 mmol, 1.0 equiv), DMF (5.0 mL), H,O (18 uL, 1.0 mmol, 1.0 equiv) and Ru(bpy)s(PFe), (4.3
mg, 0.005 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was

obtained as a colorless oil (181.2 mg, 77%). 'H NMR (400 MHz, CDCls): 6 =2.49-2.61 (m, 1H),
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2.78-2.92 (m, 1H), 6.19 (dd, J = 9.2, 4.0 Hz, 1H), 7.05-7.10 (m, 2H), 7.35-7.38 (m, 2H), 8.05 (s, 1H);
3C NMR (100 MHz, CDCls): & = 40.09 (q, J = 27.6 Hz), 68.40 (q, J = 3.0 Hz), 115.85 (q, J = 18.0 Hz),
124.96 (q, J = 275.7 Hz), 128.36 (d, J = 8.0 Hz), 133.82 (d, J = 3.0 Hz), 159.28, 162.83 (d, J = 249.5 Hz);
1F NMR (376 MHz, CDCl3): 6 = -112.40 (s, 1F), -64.14 (s, 3F); HRMS (EI): m/z calcd for C1oHgF40, [M]*
236.0460, found 236.0462.

1-(4-Bromophenyl)-3,3,3-trifluoropropyl formate (3g)
O

M

H O

Br

3¢9

Following the general procedure, 1-bromo-4-vinylbenzene 1g (220 mg, 1.2 mmol, 1.2 equiv), 2 (438
mg, 1.0 mmol, 1.0 equiv), DMF (5.0 mL), H,O (18 uL, 1.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (4.3
mg, 0.005 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (242.8 mg, 82%). *H NMR (400 MHz, DMSO-dq): 6 = 2.88-3.01 (m, 1H),
3.07-3.21 (m, 1H), 6.11 (dd, J = 9.2, 4.0 Hz, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 8.32
(s, 1H); *C NMR (100 MHz, CDCl3): § = 39.99 (q, J = 27.7 Hz), 68.43 (g, J = 3.0 Hz), 122.99, 124.83 (q,
J =275.7 Hz), 128.07, 132.04, 136.85, 159.19; YF NMR (376 MHz, CDCl3): 6 = -64.01 (s, 3F); HRMS
(E1): m/z calcd for C10HsBrF30, [M]*295.9660, found 295.9656.

1-(4-Chlorophenyl)-3,3,3-trifluoropropyl formate (3h)
O

M

H> O

Cl

3h
Following the general procedure, 1-chloro-4-vinylbenzene 1h (166 mg, 1.2 mmol, 1.2 equiv), 2 (438
mg, 1.0 mmol, 1.0 equiv), DMF (5.0 mL), H,O (18 uL, 1.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (4.3
mg, 0.005 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (194.0 mg, 77%). *H NMR (400 MHz, CDCl3): 6 = 2.48-2.61 (m, 1H),

2.77-2.91 (m, 1H), 6.17 (dd, J = 9.0, 4.2 Hz, 1H), 7.31 (d, / = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 8.05
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(s, 1 H); *C NMR (100 MHz, CDCl3): 6 = 39.93 (q, J = 28.7 Hz), 68.34 (g, J = 3.0 Hz), 124.88 (g, J =
275.0 Hz), 127.77, 129.01, 134.76, 136.36, 159.21; °F NMR (376 MHz, CDCl3): 6 = -64.02 (s, 3F);
HRMS (El): m/z calcd for C1oHsCIF30, [M]* 252.0165, found 252.0174.

1-(3-Chlorophenyl)-3,3,3-trifluoropropyl formate (3i)
0]

M

H O

cl \©)VCF3

3i

Following the general procedure, 1-chloro-3-vinylbenzene 1i (333 mg, 2.4 mmol, 1.2 equiv), 2 (876
mg, 2.0 mmol, 1.0 equiv), DMF (10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (8.6
mg, 0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (258.0 mg, 51%). *H NMR (400 MHz, DMSO-dq): 6 = 2.92-3.04 (m, 1H),
3.10-3.24 (m, 1H), 6.13 (dd, J = 9.2, 3.2 Hz, 1H), 7.45 (bs, 3H), 7.59 (s, 1H), 8.34 (s, 1H); B3C NMR (100
MHz, CDCls): & = 40.03 (q, J = 28.7 Hz), 68.24 (g, J = 3.3 Hz), 124.53, 124.86 (q, J = 276.3 Hz), 126.43,
129.07, 130.16, 134.74, 139.85, 159.12; YF NMR (376 MHz, CDCl3): 6 = -64.07 (s, 3F); HRMS (El):
m/z calcd for C1oHsCIF30, [M]"252.0165, found 252.0172.

1-(2-Chlorophenyl)-3,3,3-trifluoropropyl formate (3j)

0

M

H O

Cl

3j
Following the general procedure, 1-chloro-2-vinylbenzene 1j (333 mg, 2.4 mmol, 1.2 equiv), 2 (876
mg, 2.0 mmol, 1.0 equiv), DMF (10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (8.6
mg, 0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (247.1 mg, 49%). *H NMR (400 MHz, CDCls): § = 2.60-2.78 (m, 2H), 6.59
(dd, J = 9.2, 2.8 Hz, 1H), 7.27-7.34 (m, 2H), 7.39-7.45 (m, 2H), 8.12 (s, 1H); 3C NMR (100 MHz,
CDCl5): 6 = 38.95 (q, J = 28.0 Hz), 66.02 (q, J = 3.0 Hz), 124.98 (q, J = 276.3 Hz), 126.80, 127.40,
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129.82, 129.85, 131.61, 135.68, 158.98; YF NMR (376 MHz, CDCl3): 6 = -64.23 (s, 3F); HRMS (El):
m/z calcd for C1oHsCIF30, [M]"252.0165, found 252.0179.

1-(4-Cyanophenyl)-3,3,3-trifluoropropyl formate (3k)
O

J

H™ O

/©)\/CF3
NC

3k

Following the general procedure, 4-vinylbenzonitrile 1k (310 mg, 2.4 mmol, 1.2 equiv), 2 (876 mg,
2.0 mmol, 1.0 equiv), DMF (10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (8.6 mg,
0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel column
chromatography using 5-15 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (267.4 mg, 55%). 'H NMR (400 MHz, CDCls): 6 = 2.51-2.63 (m, 1H),
2.78-2.91 (m, 1H), 6.21 (g, J = 8.8, 4.4 Hz, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 8.08 (s,
1H); *C NMR (100 MHz, CDCls): & = 39.81 (q, J = 28.7 Hz), 68.22 (g, J = 3.0 Hz), 112.81, 118.00,
124.64 (q, J = 275.7 Hz), 127.02, 132.63, 142.66, 159.03; *°F NMR (376 MHz, CDCl3): 6 = -63.86 (s,
3F); HRMS (EI): m/z calcd for C11HsFsNO, [M] 243.0507, found 243.0509

3,3,3-Trifluoro-1-(4-(trifluoromethyl)phenyl)propyl formate (3l)
O

J

H™ O

/@)\/CF:;
FsC

3l
Following the general procedure, 1-(trifluoromethyl)-4-vinylbenzene 1l (413 mg, 2.4 mmol, 1.2
equiv), 2 (876 mg, 2.0 mmol, 1.0 equiv), DMF (10.0 mL), H,O (36 uL, 2.0 mmol, 1.0 equiv) and
Ru(bpy)s(PFe), (8.6 mg, 0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After
purification by silica gel column chromatography using 0-5 % ethyl acetate in hexanes as the eluent,
the title compound was obtained as a colorless oil (310.0 mg, 54%). 'H NMR (400 MHz, CDCl3): 6 =
2.51-2.64 (m, 1H), 2.79-2.93 (m, 1H), 6.24 (q, ) = 8.8, 3.6 Hz, 1H), 7.51 (d, J = 7.6 Hz, 2H), 7.66 (d, J =
8.0 Hz, 2H), 8.08 (s, 1H); >C NMR (100 MHz, CDCl5): & = 40.16 (g, J = 28.7 Hz), 68.49 (q, J = 3.3 Hz),
123.77 (g, J = 270.3 Hz), 124.85 (q, J = 275.7 Hz), 125.97 (q, J = 4.0 Hz), 126.78, 131.23 (q, J = 32.7

Hz), 141.76, 159.17; °F NMR (376 MHz, CDCls): & = -63.99 (s, 3F), -62.84 (s, 3F); HRMS (EI): m/z
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calcd for C11HgF¢O, [M]"286.0428, found 286.0426

Methyl 4-(3,3,3-trifluoro-1-(formyloxy)propyl)benzoate (3m)
O

J

H> O
CF3

_O

O 3m
Following the general procedure, methyl 4-vinylbenzoate 1m (389 mg, 2.4 mmol, 1.2 equiv), 2 (876

mg, 2.0 mmol, 1.0 equiv), DMF (10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (8.6
mg, 0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 5-20 % ethyl acetate in hexanes as the eluent, the title compound
was obtained as a colorless oil (285.5 mg, 52%). *H NMR (400 MHz, CDCls): & = 2.51-2.63 (m, 1H),
2.79-2.92 (m, 1H), 3.92 (s, 3H), 6.24 (dd, J = 8.8, 3.6 Hz, 1H), 7.45 (d, J = 8.0 Hz, 2H), 8.06 (d, J = 8.4
Hz, 2H), 8.08 (s, 1H); *C NMR (100 MHz, CDCl3): & = 39.99 (q, J = 28.7 Hz), 52.11, 68.52 (g, J = 3.3
Hz), 124.82 (q, J = 276.0 Hz), 126.24, 130.10, 130.66, 142.51, 159.16, 166.23; YF NMR (376 MHz,
CDCl5): 6 = -63.99 (s, 3F); HRMS (EI): m/z calcd for C1,H11F304 [M]* 276.0609, found 276.0609.

4-(3,3,3-Trifluoro-1-(formyloxy)propyl)phenyl acetate (3n)
O

J

H> O

"

3n

Following the general procedure, 4-vinylphenyl acetate 1n (389 mg, 2.4 mmol, 1.2 equiv), 2 (876 mg,
2.0 mmol, 1.0 equiv), DMF (10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PF¢), (8.6 mg,
0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel column
chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a white solid (418.1 mg, 76%). *H NMR (400 MHz, CDCls): & = 2.30 (s, 3H), 2.49-2.61 (m,
1H), 2.78-2.92 (m, 1H), 6.22 (dd, J = 9.2, 3.2 Hz, 1H), 7.12 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H),
8.05 (s, 1H); *C NMR (100 MHz, CDCl5): & = 20.81, 39.96 (q, J = 28.3 Hz), 68.27 (q, J = 3.3 Hz), 121.99,
124.91 (q, J = 275.7 Hz), 127.53, 135.28, 150.86, 159.24, 169.09; YF NMR (376 MHz, CDCl5): 6 =
-64.15 (s, 3F); HRMS (El): m/z calcd for C12H11F304 [M]T276.0609, found 276.0617.

3,3,3-Trifluoro-1-(naphthalen-2-yl)propyl formate (30)
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Following the general procedure, 2-vinylnaphthalene 1o (370 mg, 2.4 mmol, 1.2 equiv), 2 (876 mg,
2.0 mmol, 1.0 equiv), DMF (10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PF¢), (8.6 mg,
0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel column
chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (333.5 mg, 62%). *H NMR (400 MHz, CDCl3): 6 = 2.60-2.72 (m, 1H),
2.89-3.03 (m, 1H), 6.39 (dd, J = 9.2, 3.6 Hz, 1H), 7.46-7.54 (m, 3H), 7.84-7.90 (m, 4H), 8.11 (s, 1H);
13C NMR (100 MHz, CDCl3): 6 = 40.10 (q, J = 28.3 Hz), 69.17 (q, J = 3.0 Hz), 123.35 125.08 (q, J =
275.7 Hz), 125.96, 126.60, 126.67, 127.67, 128.04, 128.91, 132.95, 133.29, 135.06, 159.38; YF NMR
(376 MHz, CDCl5): 6 = -64.05 (s, 3F); HRMS (El): m/z calcd for Ci4H11F30, [M]" 268.0711, found
268.0714.

1-(4-Tert-butylphenyl)-3,3,3-trifluoropropy! acetate (4b)

Following the general procedure, 1-methyl-4-vinylbenzene 1b (283 mg, 2.4 mmol, 1.2 equiv), 2 (876
mg, 2.0 mmol, 1.0 equiv), DMA (10.0 mL), H,O (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (8.6
mg, 0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a white solid (310 mg, 63%). 'H NMR (400 MHz, CDCl3): 6 = 2.07 (s, 3H), 2.35 (s, 3H),
2.45-2.57 (m, 1H), 2.73-2.86 (m, 1H), 6.08 (dd, J = 9.4, 3.8 Hz, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.25 (d, J
= 8.0 Hz, 2H); 3C NMR (100 MHz, CDCl3): 6 = 20.70, 20.92, 40.14 (q, / = 28.0 Hz), 69.14 (q, J = 3.0 Hz),
125.22 (g, J = 275.5 Hz), 126.22, 129.36, 135.66, 138.48, 169.39; >F NMR (376 MHz, CDCl3): & =
-64.16 (s, 3F); HRMS (El): m/z calcd for C1,H13F30, [M]* 246.0868, found 246.0847.

1-(4-Tert-butylphenyl)-3,3, 3-trifluoropropy! acetate (4c)
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(0]
Me~ O

Q@ca
Bu

4c

Following the general procedure, 1-tert-butyl-4-vinylbenzene 1c (384 mg, 2.4 mmol, 1.2 equiv), 2
(876 mg, 2.0 mmol, 1.0 equiv), DMA (10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv) and Ru(bpy)s(PF¢)
(8.6 mg, 0.01 mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel
column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a colorless oil (354.2 mg, 61%). *H NMR (400 MHz, CDCl;): 6 = 1.31 (s, 3H), 2.07 (s, 3H) ,
2.44-2.57 (m, 1H), 2.73-2.87 (m, 1H), 6.10 (dd, J = 9.6, 3.6 Hz, 1H), 7.28 (d, /= 8.0 Hz, 2H), 7.39 (d, J
= 8.4 Hz, 2H); *C NMR (100 MHz, CDCl;): & = 20.74, 31.13, 34.49, 40.17 (q, J = 28.0 Hz), 69.02 (q, J =
3.3 Hz), 125.26 (q, / = 275.7 Hz), 125.63, 126.01, 135.60, 151.63, 169.42; ¥ NMR (376 MHz, CDCls):
6 =-64.24 (s, 3F); HRMS (El): m/z calcd for Ci5H19F30, [M]* 288.1337, found 288.1339.

1-(Biphenyl-4-yl)-3,3,3-trifluoropropyl acetate (4d)

Following the general procedure, 4-vinylbiphenyl 1d (216 mg, 1.2 mmol, 1.2 equiv), 2 (438 mg, 1.0
mmol, 1.0 equiv), DMA (5.0 mL), H,0 (18 uL, 1.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (4.3 mg, 0.005
mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After purification by silica gel column
chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the title compound was
obtained as a white solid (201.0 mg, 66%). *H NMR (400 MHz, CDCl;): & = 2.11 (s, 3H), 2.50-2.63 (m,
1H), 2.78-2.92 (m, 1H), 6.16 (dd, J = 9.4, 3.8 Hz, 1H), 7.34-7.38 (m, 1H), 7.42-7.47 (m, 4H), 7.56-7.67
(m, 4H); *C NMR (100 MHz, CDCl5): & = 20.94, 40.29 (q, J = 28.0 Hz), 69.15 (g, J = 3.0 Hz), 125.20 (q,
J=275.7 Hz), 126.76, 127.09, 127.54, 127.56, 128.81, 137.52, 140.36, 141.70, 169.57, YF NMR (376
MHz, CDCl3): 6 = -64.11 (s, 3F); HRMS (El): m/z calcd for C17H15F30, [M]" 308.1024, found 308.0998.

12 /64



Control Experiments (Scheme 2, eq 1)

?
O 5a CF3

~ 20equvTEMPO Ahg  detected by "9F NMR

0.5 mol % Ru(bpy)3(PFg)» o N

1.0 equiv 2, 1.0 equiv H,O /©)\/ 3 "

> +
DMF, 1, N2, 6h 15,

By 4 W white LEDs N.o

1.2 equiv 1¢ 3¢, not detected
o by '°F NMR /@)Vca
Bu

5b, detected by
9F NMR and LC-MS

A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with
1-tert-butyl-4-vinylbenzene 1c (384 mg, 2.4 mmol, 1.2 equiv), 2 (876 mg, 2.0 mmol, 1.0 equiv), DMF
(10.0 mL), H,0 (36 uL, 2.0 mmol, 1.0 equiv), Ru(bpy)s(PF¢), (8.6 mg, 0.01 mmol, 0.5 mol %) and
TEMPO (625 mg, 4.0 mmol, 2.0 equiv). The mixture was evacuated and back-filled with nitrogen
three times. The tube was irradiated for 6 h by a 4 W white LED lamp placed at a distance of 1-2 cm.
After that, the reaction mixture was analyzed by in suit *°F NMR and LC-MS. No peak of 3¢ was
found in suit 19F NMR spectrum, however, as expected, both peaks of product 5a and 5b were
found in suit 19F NMR spectrum. 5b was also detected (See supporting information), HRMS (ESI):
m/z calcd for Cy,H3gF3N,0 [M+NH,4]" 403.2931, found 403.2935.

D-Labeling Experiment (Scheme 2, eq 2)

O
~ J
0.5 mol % RU(bpy)3(PF6)2 H (@)

1.0 equiv 2, 1.0 equiv DZ(Z CF;
DMF, rt, Ny, 6 h
By 4 W white LEDs  Bu

1.2 equiv 1¢c 3c, 80% yield

A 20 mL Schlenk tube equipped with a magnetic stir bar was charged with
1-tert-butyl-4-vinylbenzene 1c (384 mg, 2.4 mmol, 1.2 equiv), 2 (876 mg, 2.0 mmol, 1.0 equiv), DMF
(10.0 mL), D,0 (36 uL, 2.0 mmol, 1.0 equiv, 99.9% D, d: 1.107) and Ru(bpy)s(PFe), (8.6 mg, 0.01
mmol, 0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After that, 40 mL of water was added to

the reaction mixture, which was then extracted with ethyl acetate (100 mLx3). The combined
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organic phases were washed with water, dried over MgS0, and concentrated in vacuum. The
residue was purified by silica gel column chromatography using 0-5% ethyl acetate in hexanes as the
eluent, the no deuterated product 3c was obtained as a colorless oil (436.7 mg, 80%). The product
was confirmed by *H NMR.

D-Labeling Experiment (Scheme 2, eq 3)

(@]
0.5 mol % Ru(bpy)s(PFg)2 D)ko

1.0 equiv 2, 1.0 equiv H,O CF,
DMF-d, rt, N, 6 h
- 4 W white LEDs  ‘Bu

1.2 equiv1c 3c-D, 83% yield, >99% D

A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with
1-tert-butyl-4-vinylbenzene 1c (192 mg, 1.2 mmol, 1.2 equiv), 2 (438 mg, 1.0 mmol, 1.0 equiv),
DMF-d; (5.0 mL, 99.5% D), H,0 (18 uL, 1.0 mmol, 1.0 equiv) and Ru(bpy)s(PFs), (4.3 mg, 0.005 mmol,
0.5 mol %) irradiated by 4 W white LEDs for 6.0 h. After that, 20 mL of water was added to the
reaction mixture, which was then extracted with ethyl acetate (50 mLx3). The combined organic
phases were washed with water, dried over MgS0O,4 and concentrated in vacuum. The residue was
purified by silica gel column chromatography using 0-5% ethyl acetate in hexanes as the eluent, the
title deuterated product 3¢c-D was obtained as a colorless oil (228.4 mg, 83%, >99% D). *H NMR (400
MHz, CDCl3): 6 = 1.31 (s, 9H), 2.49-2.62 (m, 1H), 2.79-2.93 (m, 1H), 6.22 (dd, J =9.2, 3.6 Hz, 1H), 7.30
(d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H); *C NMR (100 MHz, CDCl3): & = 31.15, 34.57, 40.13 (q, J =
28.0 Hz), 68.77 (q, J = 3.0 Hz), 125.13 (q, / = 275.7 Hz), 125.78, 126.13, 134.89, 152.07, 159.21 (t, J =
34.5 Hz); °F NMR (376 MHz, CDCl3): § = -64.21 (s, 3F); HRMS (EI): m/z calcd for Ci4H1DF30, [M]*
275.1243, found 275.1231.
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0*®-Labeling Experiment (Scheme 2, egs 4 and 5)

018
0.5 mol % Ru(bpy)s(PFg)s H)ko
1.0 equiv 2, 2.0 equiv H,0'® CF,
DMF, rt, N,, 6 h
: 4 W white LEDs  !Bu
Bu
1.2 equiv 1c 3¢c-0"8 81% yield
dioxane/H,0| 4.0 equiv OH
rt, 4 h| LIOHH,0 /@)VC%
Bu

6, 89 % yield

A 20 mL Schlenk tube equipped with a magnetic stir bar was charged with
1-tert-butyl-4-vinylbenzene 1c (384 mg, 2.4 mmol, 1.2 equiv), 2 (876 mg, 2.0 mmol, 1.0 equiv), DMF
(10.0 mL), HZO18 (72 uL, 4.0 mmol, 2.0 equiv) and Ru(bpy)s(PF¢), (8.6 mg, 0.01 mmol, 0.5 mol %)
irradiated by 4 W white LEDs for 6.0 h. After that, 40 mL of water was added to the reaction mixture,
which was then extracted with ethyl acetate (100 mLx3). The combined organic phases were
washed with water, dried over MgSO, and concentrated in vacuum. The residue was purified by
silica gel column chromatography using 0-5 % ethyl acetate in hexanes as the eluent, the
0*-labeling product 3¢c-0'® was obtained as a colorless oil (447.3 mg, 81%). *H NMR (400 MHz,
CDCl3): 6 = 1.31 (s, 9H), 2.49-2.62 (m, 1H), 2.79-2.93 (m, 1H), 6.22 (dd, J = 9.6, 3.2 Hz, 1H), 7.30 (d, J
= 8.4 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 8.06 (s, 1H); *3C NMR (100 MHz, CDCl5): & = 31.16, 34.58, 40.15
(g,J=28.3 Hz), 68.84 (q,/ = 3.3 Hz), 125.12 (q, /= 275.7 Hz), 125.79, 126.14, 134.89, 152.08, 159.39;
F NMR (376 MHz, CDCl3): & = -64.21 (s, 3F); HRMS (EI): m/z calcd for C14H17F5*°0*80 [M]276.1223,
found 276.1210.

To a solution of 3¢-0" (442.0mg, 1.6 mmol, 1.0 equiv) in dioxane (5 mL) and water (5 mL) was
added lithium hydroxide monohydrate (268.5mg, 6.4 mmol, 4.0 equiv). The reaction mixture was
stirred at room temperature for 4 hours. After removal of dioxane by evaporation under vacuum,
the remaining aqueous phase was neutralized with 2N HCl and extracted with ethyl acetate (30
mLx3). The combined organic phases were washed with water, dried over MgS0O,4 and concentrated
in vacuum. The residue was purified by silica gel column chromatography using 5-10 % ethyl acetate
in hexanes as the eluent, the title product 1-(4-(tert-butyl)phenyl)-3,3,3-trifluoropropyl formate (6)

was obtained as a colorless oil (350.1 mg, 89%). 'H NMR (400 MHz, CDCls): 6 =1.32 (s, 9H), 2.12 (s,
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1H), 2.39-2.51 (m, 1H), 2.57-2.71 (m, 1H), 5.04-5.08 (m, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.4
Hz, 2H); *C NMR (100 MHz, CDCls): & = 31.21, 34.50, 40.51 (q, J = 26.7 Hz), 68.41 (q, J = 3.0 Hz),
125.41, 125.63, 125.90 (q, J = 275.7 Hz), 139.40, 151.36; °F NMR (376 MHz, CDCl3): & = -63.77 (s,
3F); HRMS (EI): m/z caled for Cy3H17Fs0 [M]*246.1232, found 276.1236.

Light-dark interval experiment (Scheme 3)

O
0.5 mol % Ru(bpy)s(PF6), HJ\O

©/\ 1.0 equiv 2, 1.0 equiv H,O CF,
DMF, rt, N,

3a

1a light-dark-light-dark...

90

80 -
70 -
60 -
50 -
40 -
30 -
20

10 -
4 L

19F NMR Yield

flight i dark § light i dark i light { dark i light  dark i light i

0 1 1.5 2.5 3 4 4.5 5.5 6 7
Time(h)

A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with styrene 1a (125 mg,
1.2 mmol, 1.2 equiv), Umemoto reagent 2 (438 mg, 1.0 mmol, 1.0 equiv), and Ru(bpy)s(PFg), (4.3
mg, 0.005 mmol, 0.5 mol %). The mixture was evacuated and back-filled with nitrogen three times.
Then DMF (5.0 mL), H,O (18 uL, 1.0 mmol, 1.0 equiv) and 1-chloro-4-(trifluoromethyl)benzene (134
ul, 1.0 mmol, 1.0 equiv) was added to the tube via syringe. The tube was irradiated for by a 4 W
white LED lamp placed at a distance of 1-2 cm. The yield was determined by F NMR spectroscopies
of an aliquot from the reaction mixture with 1-chloro-4-(trifluoromethyl)benzene as an internal

standard.

Quantum Yield Measurement
The quantum yield (®) of the photochemical reaction was measured according to the procedure
reported by Melchiorre's group (M. Silvi, C. Verrier, Y. P. Rey, L. Buzzetti and P. Melchiorre, Nat.
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Chem., 2017, 9, 868.) and Gong’s group (X. Shen, Y. Li, Z. Wen, S, Cao, X. Hou and L. Gong, Chem. Sci.,
2018, 9, 4562).

A ferrioxalate actinometer solution was prepared according to the literature (S. L. Murov, Ed.
Handbook of Photochemistry, Marcel Dekker, New York, 1973), and used for determination of
photon flux of the light source. Under irradiation, the ferrioxalate actinometer solution undergoes
decomposition from ferric ions to ferrous ions, which are complexed by 1,10-phenanthroline and
monitored by UV/Vis absorbance at 510 nm. The moles of iron-phenanthroline complex formed are
related to moles of photons absorbed.

Preparation of the stock solutions:

Potassium ferrioxalate solution: potassium ferrioxalate (294.8 mg) and sulfuric acid (139 uL) were
added to a 50 mL volumetric flask, and filled to the mark with deionized water. Phenanthroline
solution: 1,10-phenanthroline (100 mg) was added to a 50 mL volumetric flask, and filled to the
mark with deionized water. Buffer solution: sodium acetate (2.47 g) and sulfuric acid (0.5 mL) were
added to a 50 mL volumetric flask, and filled to the mark with deionized water. Model reaction
solution: 1-tert-butyl-4-vinylbenzene 1c¢ (192 mg, 1.2 mmol), 2 (438 mg, 1.0 mmol), H,O (18 ulL, 1.0
mmol) and Ru(bpy)s(PFs), (4.3 mg, 0.005 mmol, 0.5 mol %) were sequentially added to a 25 mL
volumetric flask and filled to the mark with N,N-dimethylformamide. Note: all the stock solutions
were prepared and stored in the dark.

Actinometry measurements:

The actinometer solution (potassium ferrioxalate in water, 1.0 mL) and the model reaction solution
(1c with 2 catalyzed by Ru(bpy)s(PFs), in DMF, 1.0 mL) were added to two identical Schlenk tubes
(diameter = 12 mm) respectively. The Schlenk tubes were placed 2 cm away from the light source.
They were irradiated together with a 4 W white LEDs Lamp without stirring. This procedure was
repeated 4 times, quenching the two reactions after different time intervals: 45 sec, 60 sec, 75 sec,
and 90 sec for the actinometry solution; 30 min, 60 min, 90 min, and 120 min for the model
reaction. After irradiation, the actinometer solution was removed and placed in a 10 mL volumetric
flask containing 1,10-phenanthroline solution (0.5 mL) and buffer solution (2 mL). This flask was
filled to the mark with deionized water. The UV-Vis spectra of the complexed actinometer samples
were recorded for each time interval. The absorbance of the complexed actinometer solution was

monitored at 510 nm. (Fig. S1).
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Fig. S1 UV - Vis spectra of the complexed actinometer samples at each time interval (45 sec, 60

sec, 75 sec, and 90 sec).

Calculation of photon flux of the light source:

Moles of Fe** formed for each sample is determined using Beers’ Law (Eq. 1)

Moles of Fe( H) =

V1 XV3XAA(510 nm)

103 xV, xIx (510 nm) (Eq. 1)

V. is the irradiated volume (1.0 mL), V, is the aliquot of the irradiated solution taken for the

determination of the ferrous ions (1.0 mL), V3 is the final volume after complexation with

phenanthroline (10 mL), / is the optical path-length of the irradiation cell (1.0 cm), AA(510 nm) is the

optical difference in absorbance between the irradiated solution and the one stored in the dark,

(510 nm) is the extinction coefficient the complex Fe(phen)s** at 510 nm (11100 L moll cm'1). The

moles of Fe** formed (x) are plotted as a function of time (t) (Fig. S2).

18 /64



0.0000012

0.0000010 y= 1-093REZ-28{;(9-728.153E-08 R
0.0000008
>
= 0.0000006
S
=
ks
S 0.0000004
=
0.0000002
0.0000000 x
20 40 60 80 100
Time (sec)

Fig. S2 The moles of Fe® formed (x) versus time (t).

The slope of this line was correlated to the moles of incident photons by unit of time (q,({'p) by

the use of the following Eq. 2:

_ dx/dt
®(A) = T [I_10-A00] (Eq. 2)

ol

dx/dt is the rate of change of a measurable quantity (spectral or any other property), the quantum
yield (@) for Fe®* at 400 nm is 1.13 (C. G. Hatchard and C. A. Parker, Proc. R. Soc. Lond. A 1956, 235,
518-536), [1-1O'A0‘)] is the ratio of absorbed photons by the solution, and A(A) is the absorbance of
the actinometer at the wavelength used to carry out the experiments (400 nm). The absorbance at

400 nm A(400) was measured using a Shimadzu UV-2550 UV-Vis spectrophotometer in a 10 mm

path quartz cuvette, obtaining an absorbance of 2.52.

Calculation of quantum yield of the photochemical reaction:

The moles of product 3c formed for the model reaction were determined by *°F NMR. The moles of
product per unit of time are related to the number of photons absorbed. The photons absorbed are
correlated to the number of incident photons by the use of Eq. 2. According to this, if we plot the
moles of product (x) versus the moles of incident photons (q,‘i,p-dt), the slope is equal to:

CD-(1-10'A(")), where @ is the quantum yield to be determined and A(400 nm) is the absorption of

the reaction under study (Fig. S3).
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A(400 nm) was measured using a Shimadzu UV-2550 UV-Vis spectrophotometer in 10 mm path
qguartz. An absorbance of 1.61 was determined for the model reaction mixture.
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Fig. S3 The moles of product (x) versus the moles of incident photons (q,({,p-dt).

The quantum vyield (®) of the photochemical reaction of 1c with 2 catalyzed by Ru(bpy)s(PFe)2

was calculated to be 0.39.
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PULPROG zgfhiggn
D 131072
SPL\-"ENT CDCB3
o B
SWH R9285.711 Hz
H JJ\o MG g 7dHosizsen
e T
CFa DW 5.600 usec
DE 650 usec
TE 13835 K
o1 l.DDPOODOO e
M~ B e
19F NMR (376 MHz, CDCly) — CHANNELfl
NUC1 19F
Pl 14.80 usec
PLI -3.00 dB
PLIW 1939594650 W
SFO 3T6.ATOI248 MHz
CHANNEL 2
CPDPRG2 waltzl6
NUC2 1H
PFCPD2 9000 usce
PL2 -2 10 dB
PL12 14.09 dB
PLIW 14 1T6RIZIS W
PLIZW 034086251 W
SFO2 4001416006 MHz
81 336
SF 3765077760 MHz
WDW EM
558 1)
LB 030 Hz
GB 0
PC 100
L
T T T T T T T T T T T T T T T T T T T T
0 =10 =20 =30 -40 =50 -60 =70 -80 %0 <100 -110 -120 -130 -140 -150 -160 -170 -180 -190 ppm
@
L]
Monoisotopic Mass, Odd and Even Electron lons
29 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-12 H:012 0:0-2 F:0-4 Br:0-1
default file
FK-EIH 264 (7.459) Cm (263:266-(248:257+279:286)) TOF MS El+
6.58e+003
—r 186.0664
i
H O
1 CF3
] Me
3b 232.0714
%] 187.0730
1 123.0609
. 117.0699
171.0421
J 65,0700 115.0547 — 189.0531 233.0745
- - 151.0353 204.0761 234.0773
454252 650380 ; L " miz
T PR T TR e T A e P Tt e e ek e e e
60 100 120 140 160 180 200 220 240
Minimum: —1.B
Maximum: 5.0 10. 0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT Formula
232.0714  232.0711 0.3 1.3 5.0 4.2 HI1 02 F3
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GCH-I-039-2 CDC13

HAME
EXPNO
PROCHNO
Date_
Time
INSTRUM
PROBHD
PULPROG

180131
3

1

20180131
9.53

spect

5 mm PABBO BB-
zg30

65536
Cbcl3

16

2

B223_.8B5
0.1254B3
3.9846387
114

€0.800
6.50
2368.6
1.00000000

——8.060

T.412
7.391

£

.309
7,288
7.260

,ﬁj
<

6.230
6.222
6,207
6.198

tBu

"H NMR (400 MHz, CDCly)

X

CF3

25/64

PLLW 14.17683315 W
sFol 400.1424710 MHz
s1 32768
SF 400.1400093 MHz
WDW EM
S5B o
LB 0.30 Hz
GB ]
eC 1.00
n M. ILJ\A_uu i
— T I e B e e T —T
10 9 7 6 1 0 ppm
\ 5
3 [ & 3 g
=] [-1] - -l =1
- @ e T oM NAME 180129
GCJ-1-039-2 CDCI3 i ket Homposao f=Balel k) EXPNO 40
@ o TOMWR N Mo R EE R FROCND 1
R aaasNas REEZE33 222355  Dae s
RN AV " -
PROBHD 5 mm PABBO BE—
PULPROG zgpg30
5536
SOLVENT cDCi3
(@] NS 300
DS 4
JL SWH 24038.461 Hz
H @) FIDRES 0366798 Hz
AQ 1.3631984 sec
RG 203
CF3 DWW 20,800 usec
DE 6.50 usec
TE 22781 K
] 200000000 sec
tBy DIl 003000000 sec
TDO 1
3c
1 ==———— CHANNEL fl =
3C NMR (100 MHz, CDCl3) Nl 1ac
Pl 9.00 usec
PL1 —2.00 dB
PLIW 5374446860 W
SFOL  100.6253446 MHz
===———— CHANNEL 2=
CPDPRG2  waltzlf
NUC2 IH
PCFD2 90.00 usec
PL2 —2.10dB
PLIZ 14.09 dB
PL13 13.52dB
PLIW 1417683315 W
PLIZW 034086251 W
FLI3W 038866836 W
SFOZ  400.1416006 MHz
s 32768
SF 1006152897 MHz
WDW >
S5B 0
LB 1.00 Hz
GB 0
PC 1.40
ol l I I
T T T T T T T T T T T T T T T T T T T T T
200 150 180 170 160 150 140 130 120 110 100 S0 80 70 &0 50 40 30 20 a -10 ppm




GCJ-I-039-2

CbC13

q BxeNo ar
3 PROCNO 1
' Date_ 20180129
Time 16.04
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG  zgfhiggn
D 131072
Z(S)LVENT DO
O s 4
A Bies BT
H O Aq 07340532 sec
CFs B Sow
DE 6.50 usce
TE 512K
D1 100000000 sec
rBu D11 003000000 scc
19F NMR (376 MHz, CDCly) CHANNEL 1
NUCI 19F
Pl 1480 usec
PLI1 -3.00 dl
PLIW 1939594650 W
SFO1 3THATOI248 MHz
CHANNEL 2
CPDPRG2 walizl6
NUC2 IH
PCPD2 .00 usec
PL2 -2.10 8B
PLI2 14.09 dB
PL2W 1417683315 W
PLI2ZW 034086251 W
SF0O2 400_1416006 MHz
51 63336
8F 3T6.5077760 MHz
WDWwW EM
55B (1]
LB .30 Hz
GB o
PC 100
T T T T T T T T T T
20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
ﬁ
=]
™
Monoisotopic Mass, Odd and Even Electron lons
69 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-30 H:0-50 ©:0-4 F:0-3
default file
GCH-H 983 (8.302) Cm (983:984-(988:991+971:974)) TOF MS ElI+
1.38e+004
160 229.0836
- /?I\
] H O
CF3
] ‘Bu
3c
% 259.0916
111.0055
I 213.0883
E 244.1090
1 274.1184
65.0318 77.0383 280.0693
326.0771
0 mfz
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

Minimum: o e

Max imum: 5.0 5.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT
274.1184 274.1181 0.3 1.1 5.0 10.0
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Formula

Cl4 HI7T 02 F3



CHAOMONONNOMNMBO-OMTOO NeEEFONNTOTATTODOM NN DD NAME 180131
GCH-I-040-2 CDCL3 e e e R S e DGR £ e 5
B e T v R NN NN NN N NN NN NN NN NN N e e A PROCND 1
Date_ 20180131
Time 12.09
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g30
™ 65536
SOLVENT cbell
NS 16
O DS 2
)]\ sHH 8223.685 Hz
[igin'e} FIDRES 0.125483 Hz
AQ 3.9846387 sec
CF3 RG 203
DW 60.800 usec
DE 6.50 usec
Ph TE 23394 K
Dl 1.00000000 sec
3d DO 1
1
HNMR (400 MHz, CDCl3) m======= CHANNEL £l ========
NUCL 18
Pl 13.96 usec
pLl -2.10 d8
PLIW 14.17683315 W
SFO1 400.1424710 MHz
SL 32768
5F 400.1400093 MHz
WoW EM
35B 0
LB 0.30 Hz
GB 0
BC 1.00
I M “ .
T T T T T T T T T T
11 10 8 7 6 5 4 3 2 1 0 ppm
@ S = 2| 2
= | - = [~
< COTVNT—HO IO T D NAME 180131
GCH-1-040-2 CDCI3 - R e e e gm0 Sggw EXPNO 19
o ~OOVO @M~ OWmo . PROCNO 1
w) TTONNNNNNNNN r~r~\0omomaow o cocoo, Date 20180131
- et G B B B B FE~o0 0o STTm e e
| ANy AN W o,
PROBHD 5 mm PABBO BB-
PULPROG 2epg30
D 65536
SOLVENT CDCB3
NS 354
o} DS 4
/LL SWH 24038.461 Hz
FIDRES 0366798 Hz
H Q AQ 1.3631988 sec
RG 203
CF3 DW 20.800 usec
DE 6.50 usec
TE 2517.2K
DI 2.00000000 sec
Ph DIl 0.03000000 sec
3d T :
13, NNEL f1
C NMR (100 MHz, CDCl3) NUCl 13¢
Pl 9.00 usec
PLI -2.00 dB
PLIW  53.74446869 W
SFOl  100.6253446 MHz
CHANNEL f2
CPDPRG2  walizl6
NUC2 H
PCPD2 90.00 usec
PL2 210 dB
PLI2 14.09 dB
PLI3 1352 dB
PLIW  14.17683315 W
PLI2W 0.34086251 W
PLI3W  0.38866836 W
SFO2  400.1416006 MHz
s1 32768
SF 100.6152922 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

27 /64



GCH-I-040-2 CDC13

B NAME 180131
- EXPNO 10
b1 PROCNO 1
. < Date_ 20180131
Time 13.10
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggqn
D 131072
SOLVENT CDCI3
NS 16
DS 4
0 SWH §9285.711 Hz
FIDRES 0.681196 Hz
)J\. ﬁ? 0.7 31-}]03532 sec
H™ O Dw 5.600 usec
oFs o e
DI 100000000 sec
D11 0.03000000 sec
2 2|
ph 3d %55 0.0000}.000 sec
19 NMR (376 MHz, CDCls) oo oMt
Pl 1480 usec
PL! -3.00 dB
PLIW 19.39594650 W
SFO1 376.4701248 MHz
CHANNEL 2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 -2.10 dB
PL12 14.09 dB
PL2W 1417683315 W
PLI2W 0.34086251 W
SFO2 400.1416006 MHz
S 65536
SF 376.5077760 MHz
WD EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L
T T T T T T T T T T T
0 -20 -40 -60 -80 <100 120 -140 -160 -180 200 ppm
ﬁ
S
(4]
Monoisotopic Mass, Odd and Even Electron lons
16 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-30 H:0-50 0:04 F:3-3
default file
GCH-H 1446 (10.772) Cm (1446-(1434:1438+1451:1455)) TOF MS EI+
3.17e+003
248.0793
100+ o
A H)'ho
CFs
Ph
7 3d
294.0865
% _249.0871
183.0798
185.0779
] 250.0957 |295.0915
227.0712
j 111.0057 1206.0918
o 77.039% 05,0545 397.0120 461.0818
o o T B e B e e S B B
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450
Minimum: =1.5
Max imum: 5.0 5.0 50.0
Mass Cale. Mass mDa PPM DBE i—FIT Formula
294. 0865  294. 0868 -0.3 -1.0 9.0 31 Cl6 H13 02 F3
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™ I D B e T 7
HZ-GCH-I-031-3 CDCL3 & EIfdzIeges i E U
@ A ol PPV BROCNO 1
| \\\}/ \\L/ Date_ 20171207
10.40
TRUM spect
PROBHD 5 mm PABBO BB~
PULPROG zg30
65536
cbc13
[0) 16
z
Jj\ B223.685 Hz
H™ O 0.125483 Hz
i 3.9846387 sec
Me L.F3
60.800 usec
6.50 usec
297.7 K
Me 1.00000000 sec
1
Je
CHANNEL =
'H NMR (400 MHz, CDCl) UL Sl
13.96 usec
-2.10 dB
14,17683315 W
400.1424710 MHz
32768
400.1400096 MHz
EM
0
0.30 Hz
0
1.00
L J_.’" Jt_.g
i T T i T T T T T T T T
10 9 8 7 5 4 3 2 1 0 ppm
J |, |
- =
=3 3e =|[=[2e
-1 ] | lvitNnieN
un HONNWWO TN oM
HZ-GCH-I-031-3 CDCL3 g o e e N88 2R&ER J8EH Y
2 Mo mR AN NN N~ Fee 0w e Soa o cw
— A A A A A A AAA ~r~r~ WWwww MMM o~
Nave im0 NNV Ve N |
EXPNO 1
PROCNO 1
Date_ 20171207
Time 11.16
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG  zzpg30 o
™ 36
SOLVENT  _ CDCI3 Jk
DS 4 H O
SWH 24038.461 Hz
FIDRES ~ 0.366798 Hz Me CFa
AQ 1.3631988 sec
RG 203
o g
. usec
TE 2084 K Me
DI 2.00000000 sec 3
DIl 0.03000000 sec e
oo ! 13C NMR (100 MHz, CDCl3)
CHANNEL f1
NUC1 13C
Pl 9.00 usec
PL1 200 dB
PLIW  53.74446869 W
SFO1  100.6253446 MHz
CHANNEL 12
CPDPRG2  waltzI6
NuUC2 1H
PCPD2 90.00 usec
PL2 -2.10dB
PLI2 14.09 dB
PLI3 13.52 dB
PL2W 1417683315 W
PLI2W 034086251 W
PLI3W 0.38866836 W
SFO2  400.1416006 MHz
SI 32768
SE 100.6152948 MHz
WD EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
1
T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 20 70 60 50 40 30 20 10 0 ppm
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HZ-GCH-I-031-3 CDCL3

8 EQQ{NE) 1711207
$ PROCND 1
Date_ 20171207
| DETRUM. et
PROBHD Smmm BR-
PULPROG  zgfhiggn
D 1072
SOLVENT CDCB3
NS 16
O Ds 4
)J\ SWH 89285711 Hz
FIDRES 0.681196 Hz
H O AQ 0.7340532 sec
R 203
Me CF3 DW 5,600 usee
DE 6.50 usec
TE 976K
DIl 003000000 e
Ve DI2 000002000 sec
e TDO 1
1% NMR (376 MHz, CDCly) NhoL CHANELA
P 1480 usec
PL1 -3.00dB
PLIW 19.39504650 W
SFO1 376.4701248 MHz
CHANNEL 12
CPDPRG2 waltzl6
NUC2 IH
PCPD2 90.00 usec
PL2 2.10dB
PL12 14.09 dI
PL2W 1417683315 W
PLI2W 034086251 W
SFO2 400. 1416006 MHz
S 65536
SF 376.5077760 MHz
WDW EM
S5B 0
LB 030 Hz
GB (]
PC LO%
T T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm
ﬁ
S
L]
Monoisotopic Mass, Odd and Even Electron lons
13 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-14 H:0-14 0:0-3 F:0-3
default file
EI-1214-2 1080 (8.319) Cm (1077:1082-(1059:1071+1091:1096)) TOF MS EI+
8.85e+004
100 200.0610
JOL
| H™ O
| Me CF3
J Me
185.0480 3e
137.0670
9% 131.0766
201.0815
] 91.0468
246.0860
77.0314
65.0310 202.0934 [247.0919 05,0700
N N ) 330.9634 433.0884 502.3045 575.926
(Vs e e e B e e e e e e e R AARasaseanas ]
50 100 150 200 250 300 350 400 450 500 550
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
246.0860  246. 0868 -0.8 -3.3 5.0 20.0 Cl2 HI3 02 F3
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GCH-II-009-2 <CDC13
NAME 170930
EXPNO 35
PROCNO 1
Date 20170930
Time 15.02
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203

DwW 60.800 usec
DE 6.50 usec
TE 1428.3 K
Dl 1.00000000 sec
TDO 1

N =

7.347
7.109
7.101
7.096
7.079
7.063
7.058
7.050
6.208
6.197

6.185
6.175

F
3f
H NMR (400 MHz, CDCly)

0.000

PL1W 14.17683315 W
SFO1 400.1424710 MHz
s8I 32768
SF 400.1400089 MH=z
WDW EM
SSB o]
LB 0.30 Hz
GB 0
PC 1.00
R e 0 5 0 L S
11 10 9 8 7 6 5 4 3 2 1 0 ppm
= E8 # l
2 o lli= =2 “E":
- ol e - =l I+

Sha SR emmbao~ NOm T @ w smww  NAME 170928
GCH-II-009-2 CDCI3 . . e e e mowsTmm n N oo EXPNO 43
T Gin Pl SR G oo o Soaa  PROCNO 1
bor ot i Bt EERE383 SS85 Date 20170928
Time 21.20
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT €DC
NS 1024
DS 4
[®) SWH 24038.461 Hz
FIDRES 0.366798 Hz
/U\ AQ 1.3631988 sec
RG 203
H 0 DW 20.800 usec
DE 6.50 usec
CF3 TE 1950.1 K
DI 200000000 sec
D11 0.03000000 sec
TDO 1
F
—————— CHANNEL fi
3f NUC1 13C
13, PLi %00
C NMR (100 MHz, CDCly) PLIW 53 74446869 W
SFOI  100.6253446 MHz
—— CHANNEL f2 ———
CPDPRG2 waltzl6
NUC2 IH
PCPD2 90.00 usec
PL2 2.10 dB
PL12 14.09 dB
PLI3 13.52 dB
PL2W 1417683315 W
PLI2W  0.34086251 W
PL13W 0.38866836 W
SFO2 4001416006 MHz
SI 32768
SF 100.6152889 MHz
WD EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
| | L | | LA L L
T T T T T T T T T T T T T T T T T T T T T T
200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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GCH-II-009-2 CDC13

: 3 e
; - PROCNO 1
; - Date_ 20170928
Time 20.20
‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG  zgfhiggn
TD 131072
SOLVENT CDCi3
NS 16
DS 4
SWH B9285.711 Hz
O FIDRES 0.681196 Hz
AQ 0.7340532 sec
k@ RG 203
DW 5.600 usec
H DE 6550 usec
CF3 DI 10.00000000 sce
D11 0.03000000 sec
DI2 0.00002000 sec
F TDO 1
3f Nuct CHA?@?EL f
P1 14.80 usec
19F NMR (376 MHz, CDCl3) PLI 30048
PLIW 19.39594650 W
SFOL 376.4701248 MHz
CHANNEL 12
CPDPRG2 waltzl 6
NUC2 1H
PCPD2 90.00 usec
PL2 -2.10dB
PL12 14.09 dB
PL2W 14.17683315 W
PLI2ZW 034086251 W
SFO2 400.1416006 MHz
SI 65536
SF 376.5077760 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
1
T T T T T T T T T T T T T T T T T T T T
0 0 20 30 -40 -50 -60 -70 80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 ppm
ﬁ S
< o
o~ -
Monoisotopic Mass, Odd and Even Electron lons
43 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-12 H: 012 0:0-2 F:04 CI:0-2
default file
FK-EIH-2 533 (11.942) Cm (532:535-520:529) TOF MS El+
7.79e+002
100~ 190.0445
j)\
] H™ O
1 CF3
] F
3f
) 127.0364
236.0462
0/07
191.0477
] 125.0399
97.0450 453 p252
i 140.0451
237.0454
121.0438 151.0367 19 0633 192.0468 219.0985
574574 750216 | ) ‘ b 240.2078 271.1041
Ot o e S gt i s gt ittt s pla e fip et pepppepepietiied - my/z
60 80 100 120 140 160 180 200 220 240 260
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
236.0462  236. 0460 0.2 0.8 5.0 0.2 Clo H8 02 F4
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DMSO ”"::‘-’ 2
i ASany
u : o Y T 6 v delaa e i
\| |/ 'Qh// B " e
| M a
170929
24
1
20170929

Br

39
'H NMR (400 MHz, DMSO-djg)

1.00000000
&

NNEL f1

400.1400011
EM
1]
0.30
0
1.00
_, N [ R A ik — I S
g T Jre L T T r e T T
10 9 8 T 6 5 4 3 2 1 0 ppm
5 25 8 gl
- ciled = [=l
S el =] NAME 170929
GCH-II-012-2 CDCI3 = 2355qTan wgzosos anzs BN 21
o WNDOWMMNO L v s s
) AOSNNNNS crdezes £88 D e
N VWV B
PROBID. 5 mm PABRO BB-
PULPROG  zgpgi0
™ 553
SOLVENT  CDCI3
NS 310
DS
SWH 24038461 Hz
FIDRES  0.366798 Hz
o AQ 1.363 1988 sec
RG 203
L DW 20,800 usec
DE 6.50 usec
H™ O TE 13848 K
DI 200000000 sec
CF3 DIL  0.03000000 sec
T 1
————— CHANNEL {1
Br NUCI 130
Pl 9.00 usec
3g PLI -2.00 dB
1 PLIW 53 74446869 W
C NMR (100 MHz, CDCl3) SFOL 1006253446 MHz
—— CHANNEL 2
CPDPRG2  waliel6
NUC2 1
PCPD2 90.00 usec
PL2 2.10dB
PLI2 14.09 dB
PLI3 1352 dB
PLOW 1417683315 W
PLIZW 034086251 W
PLI3W 038866836 W
SEO2  400.1416006 MHz
sI 768
SE 1006152926 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
L |
T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 20 70 60 50 ) 20 10 0 ppm
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GCH-II-012-2 CDC13 S NAME 170929
< EXPNO 19
© PROCNO 1
[ Date_ 20170929
Time 1114
INSTRUM spect
PROBHD 5 mmn PABBO BB—
PULPROG  zpfhiggn
™ 072
SOLVENT cnenB
NS 16
DS 4
@] SWH 89285.711 Hz
FIDRES 0681196 Hz
J\ AQ 0.7340532 sec
H” ™0 RG 203
DW 5.600 usec
DE 6.50 usec
CFa TE 1604.0 K
DI 100000000 sec
DIl 0.03000000 sec
Br DI2  0.00002000 sec
TDO !
3g ======== CHANNEL f1
NUCI 19F
19 NMR (376 MHz, CDCly) Pl 14.80 use
PLI ~3.00dB
PLIW  19.39504650 W
SFOl  376.4701248 MHz
CHANNEL f2
CPDPRG2  waltzl6
uc? 1H
PCPD2 90.00 usec
PL2 -2.10dB
PLI2 14.09 dB
PLOW 1417683315 W
PLI2W  0.34086251 W
SFO2  400.1416006 MHz
S 65536
SF 3765077760 MHz
WD EM
SSB 0
LB 030 Hz
GB 0
PC 1.00
|
T T T T T T T T T T T T T T T T T T T T T
0 -10 -20 -30 -40 -50 -60 -70 -80 -9 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 ppm

ﬁ
Q
o

Monoisotopic Mass, Odd and Even Electron lons
28 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-12 H:0-12 0:0-2 F:0-4 Br:0-1

default file

FK-EIH 339 (8.709) Cm (339:340-(329:333+349:354))

100+ 251.9601 &
249.9622 H/U\O
Br
3g
%_
186.9589 295.9656
188.9575
252.9645
184.9580
151.0362
171.0459
298.9722
111.0082 “ h | 212.9562 253.9685 2
LR A R L L L N L L R R R LA R AL LR AN LAER) AR LR
100 120 140 160 180 200 220 240 260 280 300 320
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
295. 9656  295. 9660 -0.4 -1.4 5.0 0.2 Cl0 H8 02 F3 Br
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TOF MS El+
3.98e+002

339.0056 366.2214
m/z
340 360



- Ganwe o @00 B B B Nl B o e B G
GCH-TT-011-2 CDC13 52 Besde gEey S38232:325838553055323
= A cwws P I N N N P N i S P
NAME 170929
EXPNO 4
PROCNO 1
Date 20170929
Time™ 9.14
INSTRUM spect O
PROBHD 5 mm PABBO BB-
PULPROG zg30 JL
™ 65536 H™ O
SOLVENT CDC13
NS 16 CF3
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
a0 3.9846387 sec C
RG 203
D 60.800 usec 3h
DE 6.50 usec
= e "HNMR (400 MHz, CDCla)
D1 1.00000000 sec
DO 1
CHANNEL f1 =
1H
13.96 usec
-2.10 dB
14.17683315 W
400.1424710 MHz
32768
400.1400097 MHz
EM
0
0.30 Hz
0
1.00
1 sk
T T T T T | T T T
10 9 8 7 6 5 4 1 0 ppm
3 alS S S
- o fed - -
— COA~NOw
GCH-11-011-2 €DCI3 N e Snaan PELEED R Ghas  MaML TR0
a5 R FrdL s s SSoa PROCNO 1
— A A A A WY e W sTITMM DNC_ 20170930
Time 15.46
| VNV VANV g N B e
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 5536
SOLVENT CDCI3
NS 300
DS 4
(0] SWH 24038.461 Hz
JL FIDRES 0.366798 Hz
AQ 1.3631988 sec
H O RG 203
DW 20.800 usec
DE 6.50 usec
CF3 TE 1382.1 K
DI 2.00000000 sec
D11 0.03000000 sec
Cl 1
CHANNEL f1
3h NUCI 13C
3C NMR (100 MHz, CDCl3) 4 Ty
PLIW 53.74446869 W
SFO1 100.6253446 MHz
=== CHANNEL 2
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.10dB
PL12 14.09 dB
PLI3 13.52dB
PL2W 1417683315 W
PLI2W 0.34086251 W
PL13W 0.38866836 W
SFO2 400.1416006 MHz
SI 32768
SF 100.6152951 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
AL I l . .
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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GCH-II-011-2 CDC13 o NAME 170929
S EXPNO 5
$ PROCN 1
Date_ 20170929
Time 9.16
INSTRUM

spect
PROBHD 5 mm PABBO BE-
PULPROG _ zufhiggn
131072

TD 2
SOLVENT DCB
NS 16

D 4
SWH 89285.711 Hz
O FIDRES 0681196 Hz
J\ AQ 0.7340532 sec
RG 203
H o DW 5600 usee
DE 6,50 usec
CFs TE 1822 K
DI f sec
DIl 0.03000000 sec
DIZ  0.00002000 sec
Cl Do 1
== CHANNEL f1
- 3h NuCl 19F
Pl 14.80 usee
F NMR (376 MHz, CDCl3) o ey

PLIW 1939504650 W
SFOI 3764701248 MHz

CHANNEL 2
CPDPRG2 waltzl6
NUC2 IH
PCPD2 90.00 usec
PL2 -2.10dB
PLI12 14.09 dB
PLIW 14.17683315 W
PLI2W 034086251 W
SFO2 4001416006 MHz
51 65536
SF 376.5077760 MHz
WDW EM
558 i}
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm
H
L]
Monoisotopic Mass, Odd and Even Electron lons
41 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-12 H:0-12 0:0-2 F:04 CI:0-2
default file
FK-EIH 299 (8.042) Cm (297:301-(283:290+314:322)) TOF MS EI+
4.26e+003
100+ 206.0114
X
1 H™ "O
| CF3
| Cl
3h
il 143.0068
' 252.0174
1 141.0096
J 171.0403
208.0131 254.0138
151.0355
] 77,0390 111.0028 445 9984 it 189.0522
75.0214 224.0207
101.0391 138.0229 255.0209
410726 ‘ . ‘ n T S J || 2260146
L e L B L L L L L L L LS RN A LA AR LARAS AR AR Ry a1
40 60 80 100 120 140 160 180 200 220 240 260
Minimum: -1.5
Max imum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
252.0174  252.0165 0.9 3.6 5.0 0.3 Cl0 H8 02 F3 Cl
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@ a0 Samo NPT PO NNV AN~ ® NAME 180426
GCH-I-050-2 DMSO - T 2333 MANELEENS3358R5 R4 EXPNG S0
o me R 0T 0 0 0 08 e 0 e 0 e 0 i s
| N \V/ Tee—\\=— pate 20180425
Time 15.32
INSTRUM spect
BROEHD 5 mm PABEO BB-
BULPROG 2930
D 65536
SOLVENT DMSO
NS 16
o DS 2
JL SHH 8223.685 Hz
H 0 FIDRES 0.1254B3 Hz
aAQ 3.98463B7 sec
RG 203
cl CF3 oW 60.800 usec
DE 6.50 usec
TE -1947.2 K
D1 1.00000000 sec
DO 1
3i
1 NUC1 1H
HNMR (400 MHz, DMSO-dg) i S Bk
BL1 -2.10 dB
BLIW 14,17683315 W
SFO1 400.1424710 MHz
e 32768
SE 400.1399990 MHz
WDW EM
55B 0
LB 0.30 Hz
GB 0
BC 1.00
I JAA_ P J
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0  ppm
| |
S <l - <l
«~ nTe-romT Mmoo NAME 180502
GCH-1-050-2 CDCI3 ! T NEe8RELY SEE8 EXPNO 6
o AToaNwe Mo LN L PROCNO 1
Wy MO N NN NN M~ 000w OO O
- fh il g R o R R D0 o SSmm Date_ 20180502
Timé 12.13
NS\ NAZ NV e
PROBHD 5 mm PABBO BB-
PULPROG 7,
¢
SOLVENT CDC3
NS
o ~ o o0 < L3e] @ o D3 3
L &o o o @ o (@) SWH 24038.461 Hz
P Wl . e o FIDRES 0.366798 Hz
o T bl & o o AQ 1.3631988 sec
— — — — — — H O RG 203
| \ /‘ \ / | ‘ DW 20.800 usec
DE 6.50 usec
Cl CF3 TE -2245K
D1 2,00000000 sec
DIl 0.03000000 sec
TDO 1
==—=—CHANNEL f] =———=
3i NUCI 13C
13 pLi Yoy
'C NMR (100 MHz, CDCls) T B oan
SFOl  100.6253446 MHz
————— CHANNEL 2 =——
CPDPRG2  waltzlé
NUC2 H
PCPD2 90.00 usec
PL2 2.10dB
- PLI2 13.60 dB
PL13 13.52dB
T T T T T T T PL2W  14.17683315 W
130 128 126 124 122 120 ppm PLI2W 038157439 W
PLI3W  0.38866836 W
SFO2  400.1416006 MHz
sl 768
SF 100.6152933 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB
PC 1.40
s 1 |..[ | L,
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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GCH-I-050-2 <(CDC13 B
2 NAME 180425
< EXPNO 24
L s PROCNO 1
Date 20180425
‘ Time 16.34
INSTRUM spect

pec
PROBHD 5 mm PABBO BB—
PULPROG zgfhiggn

107.

TD
SOLVENT CDCI3
NS 16

DS 4
SWH 89285.711 Hz
FIDRES 0.681196 Hz
O AQ 0.7340532 sec
RG 203
)I\ Dw 5.600 usec
H C DE 6.50 usec
TE -14093 K
Cl CFJ g:] I(ioﬂ)ocmsf:c
DI2 0.00002000 sec
TDO 1
e CHANNEL fl ======—==
3i EIL.CI 14,8{]955(‘:
19 NMR (376 MHz, CDCl3) gtiw r-ﬁéfg}ufémw
SFO1 376.4701248 MHz
------ CHANNEL 2 s=======
CPDPRG2 waltzl 6
NUC2 IH
PCPD2 00.00 usec
PL2 -2.10dB
PLI2 13.60 dB
PL2W 1417683315 W
PLI2ZW 038157439 W
SFO2 400.1416006 MHz
SI 536
SF 376.5077760 MHz
WDW EM
SSB o
LB 0.30 Hz
GB V]
PC 1.00
T T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm
E
[}
Monoisotopic Mass, Odd and Even Electron lons
179 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:10-18 H:060 0O:0-5 F:0-3 Cl:0-3
default file
GCH-H-180504 803 (7.342) Cm (803-797:800) TOF MS El+
6.75e+002
143.0076
100 252.0172
1 o) 206.0121
1 H™ O 1710426 e
Cl CF3 ;
] 3i
%]
223.0141
4 145.0048
254.0148
J 151.0360
103.0533
J 101.0384 111.0041
75.0253 2550200
20.0039  g20168 |-76-0327 125.0232
268.974F
0- e m/z
40 60 80 100 120 140 160 180 200 260
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
252.0172  252.0165 0.7 2.8 5.0 0.2 Cl10 H8 02 F3 Cl



10

cl
3j

TH NMR (400 MHz, DMSO-dg)

9 7 6 5 4 3 2 1 0 ppm
S ip=, -
- edled o
@ AN NNOONOM
HZ-GCH-1-028-4 CDCI3 o i o el 488 5885 B2EY  amo 8t
3 nhAldNRa A Fe S e o o o e oo PROCNO 1
— A A A A A A A A~ [l ol Sl *= BT =¥ RN = MMM Date_ 20171206
Time 1631
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG  zgpg30
™ 65536
SOLVENT €DCl3
NS 227
D! 1
(@] SWH 24038.461 Hz
FIDRES 0366798 Hz
)l\ AQ 1.3631988 sec
H” ™0 RG 203
Dw 20.800 usec
DE 6.50 usec
CF3 TE 297.6K
DI 2.00000000 sec
DIl 0.03000000 sec
DO 1
cl =————CHANNEL
. NUCL 13C
3j Pl 9.00 usec
13 PLI 2,00 dB
PLIW 53.74446869 W
C NMR (100 MHz, CDCl3) SFOl  100.6253446 MHz
——— CHANNEL 2
CPDPRG2  waltzl6
NUC2 H
PCPD2 90.00 usec
PL2 2.10dB
PLI2 14,00 dB
PLI3 1352 dB
PL2W  14.17683315 W
PLI2W 034086251 W
PLI3W 038866836 W
SFO2  400.1416006 MHz
s 32768
SF 100.6152948 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
L ! .
T T T T T T T T T T T T T T T T T T T T T T
200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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HZ-GCH-I-028-4 CDC13 %) NAME 171206
N EXPNO 50
b3 PROCNO 1
T Date_ 20171206
Time 16.07
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG  zgthigqn
TD 1072
SOLVENT cbcB
NS 16
DS 4
o FIDRES  * 0.681196 He
Jk AQ 0.7340532 sec
RG 203
H (@) DW 5.600 usec
DE 6.50 usec
CF3 DI 100000000 sec
D11 0.03000000 sec
DI12 0.00002000 sec
TDO 1
Cl !
====—==CHANNEL f] =————
3j PO 1480 uses
PL1 -3.00 dB
19F NMR (376 MHz, CDCl5) PLIW 1939504650 W
SFO1 376.4701248 MHz
========CCHANNEL f2 =—==—=
CPDPRG2 waltzl6
NUC2 H
PCPD2 90.00 usec
PL2 -2.10dB
PLI2 14.09 dB
PL2W 14.17683315 W
PL12W 0.34086251 W
SFO2 400.1416006 MHz
SI 36
SF 376.5077760 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 160 -180 -200 ppm
ﬁ
S
«
Monoisotopic Mass, Odd and Even Electron lons
42 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-14 H:0-12 0:0-3 CL0-2 F:0-3
default file
El-1214 1077 (8.303) Cm (1077:1081-(1085:1088+1065:1070)) TOF MS El+
2.74e+003
100 206.0110
217.0473
JOJ\
] H” O
i CF3
] Cl
143.0041 3
o/
o 151.0336
] 141.0069
171.0403
77.0325 252.0179
1 189.0502
1 113.0088
110.997
254.0156
75.0162 218.0505
51.0158 224.0231 {Ess.om& 285.0325  322.9671
0 - - L L L T el 1117
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
252. 0179 252. 0165 1.4 5.6 5.0 2.5 Cl10 H8 02 Cl F3
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o Howeo 0w N ND MO MM HOO MO DM NAME 180528
GCH-I-060-2 CDCL3 5 Rea28 SRS B RS R a0 R REAUSE ExenO 5
@ EEeee [rprv NN NN N NN NN NN NN N NN e PROCNO 1
‘ ’ ' W 'MW/ Date 20180528
Time 14.51
INSTRUM spect
PROBHD 5 mm PABBOQ BB-
PULPROG 2g30
D 65536
SOLVENT cnci3
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
(o] AQ 3.9846387 sec
J\ RG 203
DW 60.800 use«
H 0 DE 6.50 uset
TE 297.4 K
CF3 D1 1.00000000 sec
TDO 1
NC = CHANNEL f1 =
1H
3k Pl 14.77 uses
PL1 -2.10 dB
TH NMR (400 MHz, CDCl3) PLIW 14,17683315 W
SFO1 400.1424710 MHz
s1 32768
SF 400.1400093 MHz
WDW EM
SSB 0
1B 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T
10 8 7 6 5 4 3 2 1 0 ppm
o oo =1 =] o
ol I+ie - -l |
GCH-I-060-2 CDCL3 2 2 unagung = HEBNERN PR R EXPNO 6
o < naNSAanS o P owome Soon PROCNO 1
— — A A A A A ~~ 0 9we < mm,m Date 20180528
Time 15.18
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpu30
D 65536
SOLVENT [€)eE)
NS 269
DS 4
'g) SWH 24038461 Hz
FIDRES  0.366798 Hz
Jk AQ 1.363 1988 sec
RG 203
H © DW 20.800 usec
DE 6.50 usec
CF TE 2983 K
3 DI 2.00000000 sec
DIl 0.03000000 sec
DO 1
NC CHANNEL 1
NUCI 13C
Pl 9.00 usec
3k PLI -2.00 dB
13 PLIW 5374446869 W
C NMR (1 DO MHZ. CDCIS) SFO1 100.6253446 MHz
CHANNEL f2
CPDPRG2  waltz16
NUC2 H
PCPD2 90.00 usec
PL2 -2.10dB
PLI2 13.60 dB
PLI3 13.52 dB
PLOW 1417683315 W
PLI2W  0.38157430 W
PLI3W 038866836 W
SFO2  400.1416006 MHz
s 768
SF 1006152977 MHz
WD EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
Jl L
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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GCH-I-060-2 CDCL3 Q i iGess
oy EXPNO 4
o PROCNO 1
Date_ 20180528
Time 14.49
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
D 131072
SOLVENT CDCI3
NS 16
DS 4
o) SWH 89285.711 Hz
FIDRE! 0.681196 Hz
Jj\ AQ 0.7340532 sec
H™ ™0 DW  S600usee
CF3 T sk
D1 1.00000000 sec
DI2 000002000 ser
NC DO T
R NEL f! -
. i TR
F NMR (376 MHz, CDCl5) b 12,80 usee
PLIW 19.39594650 W
SFO1 376.4701248 MHz
=—————— CHANNEL f2 ==—=——=
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.10dB
PLI12 13.60 dB
PL2W 14.17683315 W
PLI2W 038157439 W
SFO2 400.1416006 MHz
SI 65536
SF 376.5077760 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -180 -200 ppm
g
S
el
Monoisotopic Mass, Odd and Even Electron lons
209 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:9-30 H:0-60 N:0-2 0:04 F:1-8
default file
GCH-0529 993 (8.356) Cm (993:995-1003:1011) TOF MS El+
5.18e+003
100+ 197.0452
CF3
| 134.0410
9% 132.0451
] 215.0560
1 104.0502
102.0367 | 134, 0293 | 147.0495 196.0089
i 77.0391 178.0474
216.0601
51.0224 89.0386 ‘ ‘ ” 325.970
0~ : '"|"!"'1I"""‘|‘”"‘||‘1"‘\”"|"I J\""l‘ A0SR RAAT MAREE ALY LA LA RN AAM U AR ""?Z
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
243.0509  243. 0507 0.2 0.8 7.0 3.3 Cll H8 N 02 F3
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GCH-057-2 CDC13

NAME 180507
EXPNO 10
PROCNO 1
Date_ 20180507
Time 15.47
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8223.685
FIDRES 0.125483
AQ 3.9846387
RG 203
DW 60.800
DE 6.50
TE -731.0
D1 1.00000000
TDO 1

== CHANNEL fl =

Hz
Hz
sec

usec
usec

sec

—8.078

7.673
7.653
7.514
7.495

o
~

—7.260

6.258
6.249
6.236
6.:227

<

FsC

31

TH NMR (400 MHz, CDCly)

NUC1L 18
Pl 14.77 usec
PL1 -2.10 dB
PL1W 14.17683315 W
SFO1 400.1424710 MHz
ST 32768
SF 400.1400094 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
T T T T T T T T T T T
10 9 8 T 6 5 4 3 2 1 ppm
el |22 e 2| |2
- ooy - | |
HZ-ETA-XIII-057-2 CDCI3 o EEnocarasanadnene S8883%T hasr EXPNO 11
2 HHAAHORXR VWOV NUOONNONOD LI I O I I e e ® ® PROCNO 1
SOMOMNNNNNNNNNNNN - r~r- oo oo o cooo
< i e ot s e s b e S i ~h~owoe S Date_ 20180507
Time 16,32
‘ \ ”\\\\ ﬂ/ \\/ \W INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG ~ zgpg30
™ 65536
T % o % B DS
n e e & Q anNqaaN & Q 8 A SWH 24038461 Hz
Saan o g tuiags o kg 8 8 8 3 FIDRES 0.366798 Hz
W T TN T T i i
RG 203
JL DW 20.800 usec
H O DE 6.50 usec
TE -1055.0 K
DI 2.00000000 sec
CF3 DIl 0.03000000 sec
TDO 1
======== CHANNEL f1
FiC NUCI 13C
Pl 9.00 usec
l ] 31 PLI 2.00dB
PLIW  53.74446869 W
ll v/ l l ' l l l l 13C NMR (100 MHz, CDCl3) SFo1  106.6253446 Mz
| | —————— CHANNEL 2
A e CPDPRG2 waltz16
NUC2 1H
T T T T T T T PCPD2 90.00 usec
132 130 128 126 124 122 120 ppm PL2 2,10 dB
PLI2 13.60 dB
PLI3 13.52 dB
PL2W 1417683315 W
PLI2W 0.38157439 W
PLI3W 038866836 W
SFO2  400.1416006 MHz
sI 32768
SF 100.6152830 MHz
WwWDwW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
n AL lllll l
T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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GCH-057-2

CDC13 -+ o NAME lgnjm
32 FRocko
L Date_ 10130507
Time
\ / INSTRUM spoc(
PROBHD 35 mm PABBO BB-
PULPROG  zgfhiggn
D 131072
SOLVENT CDCI3
N§ 16
i SD&"H 89215 711 Hz
FIDRES 0.681196 Hz
H O AQ 0. 734053’ sec
RG
CF3 R T
TE -14859 K
D1 100000000 sec
D1l 0.03000000 sec
D12 0.00002000 sec
FaC DO 1
31 CHANNEL f1
NUC1 19F
9F NMR (376 MHz, CDCl3) P 1450 usee
PL1 -3.00 dB
PLIW 19.39594650 W
SFO1 376.4701248 MHz
CHANNEL 12
CPDPRG2 walizl6
NUC2 IH
PCPD2 90.00 usec
PL2 -2.10dB
PL12 13.60 dB
PLIW 14.17683315 W
PLIZW 0381574390 W
SFO2 400.1416006 MHz
sI 65536
SF 376.5077760 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 1]
PC 1.00
T T T T T T T T T T T
0 -20 -40 -60 -80 -100 =120 -140 -160 -180 <200 ppm
g8
el ]
Monoisotopic Mass, Odd and Even Electron lons
122 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:530 H:0-60 0:1-5 F:0-8
default file
GCH-0529 581 (6.158) Cm (580:581-575:578) TOF MS ElI+
5.32e+003
100— 177.0313
j)L
240.0359 H >
i CF3a
171.0411
1 FaC
o 127.0347 31
° 189.0513
| 258.0464
] 145.0258
] 286.0426
221.0393
1 95.0279 111.0058
51. 0195 77, 0380 ‘ I ‘ || 287.0447
) 341.0206
|‘...|...‘|‘..., .H‘.'..'a"u.u Ll I‘r.‘l'..‘. .‘..|‘...|..‘.||‘... miz
100 120 140 160 180 200 220 240 260 280 300 320 340
Minimum: -1.5
Maximum: 5.0 1.0 50.0
Mass Calec. Mass mDa PPM DBE i-FIT Formula
286.0426  286.0428 -0.2 0.7 5.0 1.4 Cll H8 02 F6
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GCH-I-036-4 CDCL3 283 888 8538 SN5C898I588582Ng ngae
5838  S%& N3aR Rl cieigel-Sul el b
@ oo e woww N T R NN N N P
NAME 180123
EXPNO 13
PROCNO 1 o]
Date 20180123 /lL
Time 15,55 H” ™0
INSTRUM spect
PROBHD 5 mm PABBO BE- CF3
PULPROG zg30
™D 65536 o
SOLVENT cDpc13 A
NS 16
DS 2 o] 3m
SWH 8223.685 Hz
FIDRES 0.125483 Hz "H NMR (400 MHz, CDCls)
1Q 3.9846387 sec
RG 203
DW 60.800 usec
DE 6.50 usec
TE 2554.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
18
13.96 usec
-2.10 dB
14.17683315 W
400.1424710 MHz
32768
400.1400095 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T T
10 9 8 Z 6 5 4 3 2 1 0 ppm
- g
° = S S S| |2
© o~ = L] = |l
- e 4 wowvowwm
GCH-1-036—4 CDCI3 L N I e A NeELRARS a So88 EQP%EO 18[1)1623
e » § Phasaaa S ®m oo o oooa  PROCNO 1
— — — o [ e R CRC-RCRT) v o M Date_ 20180123
| N VAN e
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG ~ zgpe30
D 65536
SOLVENT coei3
NS 282
DS 4
SWH 24038461 Hz
0 FIDRES  0.366798 Hz
JL AQ 1.3631988 sec
RG 203
H O DW 20.800 usec
CF3 D1 200000000 sec
DIl 0.03000000 sec
DO 1
/O
=== CHANNEL f] =======
NUCI 13C
@] 3m Pl 9.00 usec
PLI —2.00 dB
3¢ NMR (100 MHz, CDCly) PLIW  53.74446869 W
SFOI  100.6253446 MHz
——————— CHANNEL 2 ======—
CPDPRG2  waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.10dB
PLI2 14.00 dB
PLI3 13.52 dB
PLOW 1417683315 W
PLI2W  0.34086251 W
PLI3W 038866836 W
SFO2  400.1416006 MHz
s 32768
S 100.6152926 MHz
WDW EM
QR
] 1 l e
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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GCH-I-036-4 CDC13

—-63.99

NAME 180123
EXPNO 10
PROCNO 1
Date_ 20180123
Time 1438

INSTRUM ct
PROBHD 35 mm PABBO BB-
PULPROG zgfhiggn

TD 1072
SOLVENT cDCB

NS 16

Ds 4
SWH B9285.711 Hz
FIDRES 0681196 Hz
AQ 0.7340532 sec
O RG 203
DwW 5.600 usec
J -
H @} Dl 100000000 sec
DIl LO300000 sec
DI2 000002000 sec
CFs DO 1
0 CHAN}IIELI' 1
/ P 180
Plw 1939504650 W
O 3m SFOI 3764701248 MHz
19F NMR (376 MHz, CDCls) CHANNEL 2
CPDPRG2 waltzl6
NUC2 I
PCPD2 0.00 usec
P2 -2.10 dB
PLI12 1409 dB
PL2W 1417683315 W
PLI2ZW 034086251 W
SFO2 400.1416006 MHz
51 65536
S5F 376.5077760 MHz
WDW EM
S85B 1]
LB 0.30 Hz
GB 0
PC 100
T T T T T T T T T T T T T T T T T T T T
0 40 -20 -30 -40 50 -0 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 ppm
g
3
Monoisotopic Mass, Odd and Even Electron lons
21 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-13 H:0-16 0:0-5 F:0-3
default file
EI0126-H 1318 (9.689) Cm (1316:1318-1309:1313) TOF MS El+
1.77e+004
100+ 199.0354
JOJ\
H™ O
CFa
e
T O 3m
% 245.0424
189.0524 ;
1 167.0505 276.0609
230.0559 | 248.0657
1 151.0349 200.0426
7
105.0335
77.0384
1 131.0488 217.0476
341.0313
0 e b M AR miz
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Minimum: -1.5
Maximum: 5.0 10. 0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT Formula
276. 0609  276. 0609 0.0 0.0 6.0 0.6 Cl2 H11 04 F3
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& . — i Y TV
GCH-I-052-3 CDC13 9 Segsg 2889 BEEERN5228 NaE 180424
® R e G w AN R P P A R I g;ggm 3
| \~ ‘ ‘/ V M\W/ Date 20180424
Time 15.36
INSTRUM spect
PROBHD 5 mm PABRO BB-
PULPROG 2g30
TD 65536
SOLVENT cDC13
NS 16
DS o
SWH 8223.685 Hz
FIDRES 0.125483 Hz
J‘L 20 3.9846387 sec
H™ "0 RG 128
D 60.800 usec
0 CF3 DE 6.50 usec
TE =-1758.5 K
)J\ DL 1.00000000 sec
O TDO i 8
== CHANNEL f1 =
1 NUC1 1H
HNMR (400 MHz, CDCls) Pl 14.77 usec
PL1 =2.10 dB
PL1W 14.17683315 W
SFO1 400.1424710 MHz
SI 32768
SF 400.1400091 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T I T T
10 9 8 7 6 3 2 1 0 ppm
< 3| (=2 L = 2 2
- o~ - | =] |
a = o @ Mmoo NAME 180424
GCH-I-052-3 CDCI3 = 92 7 L, NEERaan nZ=n = EXPNO 2
2 5 37 faLeaNa R oo oo o PROCNO !
— — — P - ek b ™~ 808 o = = mm & Date_ 20180424
Time 15.59
] IV \ T
PROBHD 5 mm PABBO BB-
PULPROG zopa30
TD 65536
SOLVENT cDCB
NS 101
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
O DE 6.50 usec
TE -14458 K
DI 2.00000000 sec
D1l 0.03000000 sec
O T 1
==———==— (CHANNEL f1
NUC1 13C
Pl 9.00 usec
13C NMR (100 MHz, CDCl3) i bk
PLIW 53.74446869 W
SFO1 100.6253446 MHz
==———=— (CHANNEL f2
CPDPRG2 waltzl6
NUC2 1
PCPD2 90.00 usec
P12 -2.10dB
PL12 13.60 dB
PL13 13.52dB
PL2W 1417683315 W
PLI2W 0.38157439 W
PL13W 0.38866836 W
SFO2 400.1416006 MHz
S 32768
SF 100.6152977 MHz
Wi EM
SSB 0
LB 1.00 Hz
GB 0
PC 140
JL L . .
T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 40 30 20 10 1] ppm



GCH-I-052-3 CDC13

—-64,15

H/JJ\O
o CFa
»LOO/“

19F NMR (376 MHz, CDCl3)

NAME 180424
EXPNO 19
PROUCNO

Date_ 20180424
Time 1537
INSTRUM e

L
PROBHD 5 mun PABBO BB-
PULPROG zgfhigqn
D 1

SOLVENT cDeB

NS 16

Ds 4

SWH R9285.711 Hz

FIDRES 0.681196 Hz

AQ 0.7340532 sec

RG 203

DW 5.600 usec

DE 6.50 usec

TE -1912.6 K

D1 LOODO0OM sec

D1l 0.03000000 sec

D12 0.00002000 sec

TDO 1
CHANNEL f1

NUC1 19F

Pl 14.80 usec

PL1 3.00 dB

PLIW 1930504650 W
SFOl 3764701248 MHz

-20

CHANNEL 12

CPDPRG2 waltzl6
NUCZ IH
PCPD2 90.00 usec
P2 =210 dB
PL12 13.60 dB
PLIW 1417683315 W
PLI2W 038157430 W
SFO2 400.1416006 MHz
Sl 65536
SF 376.5077760 MHz
WDW EM
SsB 0
LB 030 He
GB 0
PC LO0

T T
-180 =200 ppm

Monoisotopic Mass, Odd and Even Electron lons
66 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:10-18 H:0-60 0:0-5 F:0-3

default file

GCH-H-180504 1055 (8.687) Cm (1055-1046:1052)

100+

40

Minimum:
Max imum:

Mass

276. 0617

43.0200

188.0398
O
234.0473 H J\Q
189.0498 o
)J\O
3n

190.0588 235.0550

276.0617

236.0617 77.0641

205.0495

160 180 200 220 240 260 280 300 320

-1.5

50.0

DBE i-FIT Formula

6.0 6.4 Cl2 Hll 04 F3
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GCH-I-

NAME
EXPNO
PROCNO

Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

037-2 C€DC13

180119
44

1

20180119
16.01

spect

5 mm PABBO BBE-
zg30

65536

CDC13

16

2
B223.685
0.125483

3.9846387

2B07.%
1.00000000
1

Hz
Hz
sec

usec
usec

sec

6.410
6.401
6.387
6.378

<

3o
"H NMR (400 MHz, CDCls)

= CHANNEL f1 =
13.96
-2.10
14.17683315 W
400.1424710 MHz
32768
400.1400093 MHz
EM
o
0.30 Hz
il
) LM
U l M
T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
==l [odle - i e
= goanoosrroveons - - NAME 180119
GCH-1-037-2 CDCI3 J R S e PO ooy BEEh EXPNO a
- MG DO- SOV MMO s e R PROC? 1
o R A RS ED R RS AT b R 2288 SRS 1D__m_ Zolléﬁgéi‘?
me »
SN\ A e
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCB3
NS 92
N o o w WoT o - ™ o Eg]]:ES 2?;2647?)1811{12
EHS XN NN o a4 & AQ 13631988 sec
- - - - - — RG 203
DW 20.800 usec
[ N BN VA | | bE o
o) TE 3032.0K
DI 2.00000000 sec
JI\ D11 0.03000000 sec
H™ O 1
CF e CHANNEL f
3 NUCI 13C
Pl 9.00 usec
PLI -2.00 dB
PLIW  53.74446869 W
SFOl  100.6253446 MHz
30 ———— CHANNEL £
13C NMR (100 MHz, CDClg) GpaRa2 walizl6
PCPD2 90.00 usec
PL2 -2.10dB
PLI2 14.09 dB
PLI3 1352dB
PL2W 14.17683315 W
PLI2W 034086251 W
T T T T T T T T T T PLI3W 038866836 W
130 129 128 127 126 125 124 123 122 121 ppm SFO2  400.1416006 MHz
si 32768
SF 1006153007 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
! . R
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 820 70 60 50 40 30 20 10 0 ppm
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GCH-I-037-2 CDCLl3

w NAME 180119
- EXPNO 43
3 PROCNO 1
@ Date_ 20180119
Time 5.59
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgthiggn
TD 131072
SOLVENT cbcB
R
O SWH R9285.711 Hz
BS e gl
H® O RG T3
DW 5.600 usec
DE 6.50 usec
TE 28728 K
D1 1.00000000 sec
OO DIl 0.03000000 sec
DI2 0.00002000 sec
TDO 1
3o CHANNEL f1
NU
19 NMR (376 MHz, CDCly) PO Lasbusee
PL1 -3.00dB
PLIW 19.39594650 W
SFO1 376.4701248 MHz
CHANNEL 2
CPDPRG2 walizl6
uc2 1H
PCPD2 90.00 usec
PL2 -2.10dB
PLI2 14.09 dB
PL2W 1417683315 W
PLI2W 034086251 W
SFO2 400.1416006 MHz
SI 536
SF 376.5077760 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC L.oo
T T T T T T T T T T
0 =20 -40 -60 -80 <100 -140 -160 -180 ppm
ﬁ
e
”
Monoisotopic Mass, Odd and Even Electron lons
22 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-15 H:0-16 0:0-5 F:0-3
default file
E10126-H 1444 (10.362) Cm (1443:1444-1438:1440) TOF MS El+
1.09e+004
i 5 2220652
] H
3o
| 268.0714
223.0731
Yo
129.0700
1 127.0540 153.0693
240.0760
| 126.0460 269.0750
77.0383 101.0373 241.0817
270.0767
0- mfz
40 60 80 100 120 140 160 220 240 260 280
Mi ni mum : =G
Max imum: 5.0 10. 0 50.0
Mass Cale. Mass mDa PPM DBE i—-FIT
268.0714  268.0711 0.3 1.2 8.0 1.8 02 F3
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GCH-I-053-1 CDC13 Semad P i peinb s b fvirddre s bt
NN cooo XV ECONONNNSTTTTMO
NN ©o o P M R M TR

NAME 180502

EXBNO 2

PROCNO i

Date_ 20180502

Time 11.00

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2930 (0]

D 65536

SOLVENT cDCcl3

NS 16 Me”™ O

DS 2

SWH 8223.685 Hz CF3

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 144 Me

DW 60.800 usec

DE 6.50 usec 1 b

TE -2268.4 K HNMR (400 MHz, CDCl,)

Dl 1.00000000 sec

TDO 1

CHANNEL

14.17683315 W
400.1424710 MHz
32768
400.1400093 MHz
EM
0
0.30 Hz
0

1.00

T
10 9 8 7 6 5 4 3 2 1

0 ppm
[ |
. 459 s
~lad - = =l led
o [-- %] voNT N
NAME 180502
GCH-1-053-1 CDCI3 : :: ::::2 mE8RARE R REN 52 EXPNO 5
w MM NN oo CCeaoao coocao o o PROCNO 1
= e e ] ~r-r-\0Ww.ww T m ™ o Date_ 20180502
Time 11.47
AN/ NN N Vo e
PROBHD 5 mm PABBO BB-
PULPROG  zepg30
™ 65536
SOLVENT e
NS 400
DS 4
o SWH 24038 461 Hz
)L FIDRES 0366798 Hz
AQ 1.3631988 sec
Me” "O RG 203
DW 20,800 usee
CF3 DE 6.50 usec
TE -1264.3 K
DI 2.00000000 sec
DIl 0.03000000 sec
Me DO 1
4b CHANNEL f1
4 NUC1 13C
C NMR (100 MHz, CDCl3) 2N $0uics
PLIW  53.74446869 W
SFOI  100.6253446 MHz
CHANNEL 2
CPDPRG2  waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.10dB
PLI2 13.60 dB
PLI3 13.52 dB
PL2W 14.17683315 W
PLI2W 038157430 W
PLI3W 038866836 W
SFO2  400.1416006 MHz
sI 32768
SF 100.6152970 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
. 1
T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 40 20 10 0 ppm
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GCH-I-053-1 CDC13

o NAME 180502
: EXPNO
3 PROCNO
20180502
| Tinne 11.01
INSTRUM 4

PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
1

TD 2
SOLVENT cDC
NS &
Ds 4
O SWH RO285.711 Hz
FIDRES 0.681196 Hr
)']\ A 07340532 sec
Me 18} RG 203
Dw 5600 usce
CFa ?EE -2?5%“1“?(“
B:I 0.03000000‘::
Me DIz 000002000 sex
4b r CHANNEL ] =——x
19F NMR (376 MHz, CDCls) L e
PL1 -3.00 4B
PLIW 1939594650 W
SFO1 376.4701248 MHz
CHANNEL 2
CPDPRG2 walzl6
NUC2 IH
PCPD2 9000 usec
PL2 -2.10dB
PLI2 13.60 dB
PL2W 1417683315 W
PLI2W 038157430 W
SFO2 4001416006 MHz
SI 65536
SF 3765077760 MH=z
WDW EM
s5B 1]
LB 030 Hz
GB o
PC L.0o0
T T T T T T T T T T T
(] 20 -40 -60 -80 -100 120 -140 -160 -180 -200 ppm
lﬁ
=]
™
Monoisotopic Mass, Odd and Even Electron lons
40 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:10-13 H:0-60 0O:0-5 F:0-3
default file
GCH-H-180504 788 (7.262) Cm (787:788-780:783) TOF MS ElI+
6.66e+003
100- 204.0736 j\
_ Me O
186.0636 CF3
Me
1 4b
1 117.0696
121.0652
%_
246.0847
7 123.0613
91.0552 171.0425
205.0825
1 65.0406 77.0407 e 206.0124 247.0902
52.0151 282.0283 395.9925
o A
40 80 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Minimum: 1.5
Max imum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
246. 0847  246. 0868 - | -8.5 5.0 4.5 Cl2 HI3 02 F3
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ar@Be Rlhmm P NNComrpmonsm  oarbeon o NAME 180330
GCH-I-041-2 CDC13 B it s R i A e o) 34
B v Mt AN NN NN NN N A SN S PROCNO 1
Date_ 20180330
Time 15.28
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g30
™ 65536
SOLVENT cDC13
NS 16
DS 2
SHE 8223.685 Hz
FIDRES 0.125483 Hz
0 3.9846387 sec
o) RG 144
DH 60.800 usec
J.l\ DE 6.50 usec
Me 9] TE -2415.6 K
D1 1.00000000 sec
CFs o0 1
======== (CHANNEL fl ====
¢ NUC1 1H
Bu 51 14.77 usec
4c PL1 -2.10 dB
PLIW 14,17683315 W
TH NMR (400 MHz, CDCl3) :i“Ol 400.1453%2 MEz
SF 400.1400091 MHz
WOW EM
588 0
18 0.30 Hz
cB 0
BC 1.00
1 W 8t
T T T T T T T T T T T
10 9 7 6 5 4 3 2 1 0 ppm
5 e B/
[ S = = |2 ]
- - = e o o
o~ m OO A MON
GCH-1-041-2 CDCI3 b k- P oes e mobosam A =
& H ) VA D et Qe b :
o w NN N NN ~~Oan o [=R=N=} - (=]
- - o ~e~OY oY < T S ~Mmm o~
NaE | | N\ WA N
EXPNO 40
PROCNO 1
Date_ 20180330
Time 16.00
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zgpg30
D 65536
SOLVENT cDei3 (0]
NS
DS 4 )J\
SWH 24038.461 Hz Me 0
FIDRES 0366798 Hz
Al 1.3631988 sec
Rg 203 CF3
DW 20.800 usec
DE 6.50 usec
TE -2286.6 K By
D1 20.001000()005&
D11 03000000 sec
1 4c
T 13C NMR (100 MHz, CDCla)
NUCI 13C
Pl 9.00 usec
PL1 ~2.00 dB
PLIW  53.74446869 W
SFOl  100.6253446 MHz
CHANNEL f2
CPDPRG2  waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 -2.10dB
PLI2 13.60 dB
PLI3 13.52dB
PL2W  14.17683315 W
PLIZW 038157439 W
PLI3W  0.38866836 W
SFO2  400.1416006 MHz
sl 32768
SF 100.6152948 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
Li el
T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 20 70 60 50 40 30 20 10 0  ppm
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GCH-I-041-2 CDC13 3 NAME 180330
. EXPNO 35
; PROCNO 1
Date 20180330
| Timé 15.30
INSTRUM Ct
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
D 131072
O SOLVENT CDCB3
NS 16
J\ ?'i'u sq*?as 711 H
Me™ O FIDRES  0.681106 lz
CFa AQ 0.7340532 sec
- RG 203
DwW 5,600 usec
¢ T ek
Bu DI 100000000 sec
dc D11 003000000 sec
Di2 000002000 sec
19 NMR (376 MHz, CDCly) ™ ;
CHANNEL | ==—=
NUC1 19F
P 14 %0 usec
PL1 -3.00 dB
PLIW 1939594650 W
SFO1 3764701248 MHz
CHANNEL 2
CPDPRG2 walizl6
NLUC2 IH
PCPD2 90.00 usec
FI2 -2.10dB
PLI2 13.60 dB
PL2W 1417683315 W
PLIZW 038157430 W
SFO2 4001416006 MHz
SI 65536
SF 376.5077760 MHz
WDW EM
S8B 0
LB 030 Hz
GB [
PC 100
T T T T T T T T T T T
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm
ﬁ
S
(2]
Monoisotopic Mass, Odd and Even Electron lons
17 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-30 H:0-50 0O:04 F:3-3
default file
GCH-H 1036 (8.585) Cm (1036-(1033:1034+1046:1048)) TOF MS El+
2.83e+003
100+ 273.1070
i 0
7 MeJ\o
| CF3
. ‘Bu
4c
%
1 189.0531
213.0884
| 246.1228 288.1339
163.1132 231.1007
] 289.1371
57.060991.0553 111.0056 145.1014 247.1283
1) P RO R MUY Y, I.l"- Lol u”-.l |. s Lo |l b+ Ll i 341.0029 3?5‘9812_
e e e R P e e e R e o e m)

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

Minimum: =15

Max imum: 5.0 10.0 50.0

Mass Cale. Mass mDa PEM DBE i—FIT Formula

288.1339  288. 1337 0.2 0.7 5.0 11.9 Cl5 H19 02 F3
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FOANDOANANT O ™ N © @ WCrHOEMNADTA SO0~ e W
GCH-I-043-2 CDCl3  32xE2esoooR8ze  £8%3 EES TR RS P E
S e A S [rvgrae B N N i P N T
e e N WV T—\\e——"
EXPNO 16
PROCNO 1
Date_ 20180326
Time 15.10
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 65536 o]
SOLVENT cDCl3 /lj\
NS 16
is > Me O
SWH 8223.685 Hz
FIDRES 0.125483 Hz CF3
AQ 3.9846387 sec
RG 203
oW 60.800 usec Ph
DE 6.50 usec
TE -2606.9 K 4d
Dl 1.00000000 sec 1
w0 i HNMR (400 MHz, CDCl5)
PL1W 14.17683315 W
SFO1 400.1424710 MHz
sI 32768
SF 400.1400090 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
sa|3 3 sl |8 |2
|| - - |- ~
i OCWVWNMHO IO NW
GCH-1-0432 CDCI3 o SmineRnn s nes s e e SEs 5
=2 HOMCAOE=™OWMm . ERr .. .
w o M NN NN NN N [l R o) B ) o) We ) | OO0 (=]
— A A A A A A A A A [l 2 el Yo R e e < M o~
NAME 180326
EXPNO 53
PROCNO 1
Date_ 20180326 N — & &
Time 551 m oo 0o~ oo =1
INSTRUM spect LR : :
PROBHD. 5 mm BABBO BB- e LhaSS & I
™ 65536
SOLVENT CDCi3 ‘ ‘ w \ / /
NS 455 (o]
DS 4 )]\
SWH 24038.461 Hz
FIDRES 0366798 Hz Me™ O
AQ 13631988 sec
RG 203 CFa
DW 20.800 usec
DE 6.50 usec
TE 27832 K Ph
DI 2.00000000 sec
DIl 0.03000000 sec 4d
DO 1
l ‘ 13¢ NMR (100 MHz, CDCl3)
CHANNEL fl
NUCt 13C
Pl 9.00 usec '
PLI 22,00 dB
PLIW 5374446869 W \J Jl )
SFOI  100.6253446 MHz Seamnat
CHANNEL {2 T T T T T T T T
CPDPRG2  waltzl6 132 130 128 126 124 122 120 ppm
NUC2 IH
PCPD2 90.00 usec
PL2 2.10dB
PLI2 13.60 4B
PLI3 13.52 dB
PL2W 1417683315 W
PLIZW 038157439 W
PLI3W 038866836 W
SFO2  400.1416006 MHz
SI 32768
SF 1006152890 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
L J .
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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GCH-I-043-2 CDC13

= NAME 180326
5 EXPNO 47
§ PROCNO |
Date_ 20180326
| Time 15.12
INSTRUM 1

PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
131072

™ 1
SOLVENT CDCB
NS 16

Ds 4
SWH B92R5.711 Hz
0] FIDRES 0.681196 He
)I\ a? 5.73_’45:?32 soc
Me” ~O DW 5 600 usec
DE 6.50 usee
CF3 TE 25915K
D1 100000000 sec
DIl (LO3000000 sec
DI2 000002000 sec
Ph DD 1
ad e
19 80 usec
F NMR (376 MHz, CDCl3) T S
PLIW 1939594650 W
SFO1 3764701248 MHz
CHANNEL 2
CPDPRG2 waltzl6
NUC2 IH
PCPD2 9000 user
PL2 -2.10dB
PLI2 13.60 dB
PL2W 14.17683315 W
PLI2ZW 0.38157430 W
SFO2 4001416006 MHz
SI 65536
SF 376.5077760 MHz
WDW EM
S5B 0
LB 0.30 Hz
GB (1]
PC 100
T T T T T T T T T T T
[} -20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
E
=]
(2]
Monoisotopic Mass, Odd and Even Electron lons
18 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:0-30 H:0-50 0:04 F:3-3
default file
GCH-H 1490 (11.007) Cm (1490-1485:1487) TOF MS El+
o 6.93e+003
100~ ,J‘L 248.0798
Me”™ O
1 CF3
] Ph
4d
308.0998
] 183.0795
Yo
] 266.0906
152.0622
185.0778
151.05618 267.0959 S0.1063
1 111.0065 247 0746 .
43.0187  77.0387 127.0555 209.0767 268.0952 310.1107
] 355.0624
0 rrrpet T et miz
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 0
Minimum: =1.5
Max imum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
308.0998  308. 1024 -2.6 -8.4 9.0 7.9 C17 H15 02 F3
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a'.umhhm
A EUROPEAN JOURNAL e Europe
DN 10100 chem. 281 3362
Copper-Catalyzed Trifl hylation and Cyclization of Aromatic-
Sulfonyl-Group-Tethered Alkenes for the Construction of
1.2-Benzothiazinane Dioxide Type Compounds
Xiang Dong,*! Rui Sang,”' Qiang Wang," "' Xiang-Ying Tang,*" and Min Shi*™"
CF;
'b N | Chem. Eur. J. 2013, 19, 16910-16915
(I{ oks (') "
Y CF3 bFy
are
\' a1s
! l R
0 20 40 0 40 00 PPM
-
-~ O
NN ™
o i e
L2 -]
Y i
| Communicaton [
pubtacs.ong/JACS
Enantioselective Copper-Catalyzed Intermolecular
Cyanotrifluoromethylation of Alkenes via Radical Process
B CF; Fei Wang,” Dinghai Wang,” Xiaolong Wan,” Liangian Wu," Pinhong Chen,” and Guosheng Liu*'®
u 'State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, University of Chinese Academy of
Sciences, Chinese Academy of Sciences, 345 Lingling Road, Shanghai, China, 200032
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-—F [T — T T T T T
50 0 50 -100 -150 -200 -250 PPM
B L en 8 2 2 8 Bowo
w8 o @ o = PROCNO i
ww o [ =] - Date_ 20180404
Time 10,49
{ INSTRUM spect
PROBHD 5 mm PABBO BB-
= PULPROG  zgfhigqn
| F2 D 31072
b c .‘\'(: VENT “IOZ'I)('H
F F NS 16
Fa Fa s 4
/ 3?\\'“ 89285.711 Hz
i 2.0 equiv TEMPO l | L—\lﬂljm-\ i 71;;;8119!::1:
Bu ) 40533 sec
/ 0.5 mol % Ru(bpy)3(PFg)2 RG 2
128UV 1€\ 1 0 equiv 2, 1.0 equiv H0 s o BY  afome
1 b i ¢ TE -1492.6 K
DMF, t, Na, 6 h CF3  "O-§-CFs3 DIl 0030000005
DI2 2000 sce
4 W white LEDs 2 0 S
N“o CHANNEL f1
& B e
(o] 5a 3 PLI ) Hm‘:;i:L
HJ\Q detected by "F NMR L: m Jl'i‘l)j-lj'lslﬁ;l“;-;éjr\\!\l iz
CFs + —————— CHANNEL 2
CPDPRG2  waltzl6
- NUC2 H
'Bu N F II:H - -1";?;‘:;;““
~, PLI2 3 3
3c, not detected 2 2 PL2W 14 In(?;ejf.j:!rs W
PLI2ZW 0.38157439 W
by "F NMR CFs 5 O D SFO2 400.1416006 Mz
a S 65536
IBU l ?;II 4 376. "(I'?‘:l?s‘ MHz
) 4
SSB ]
5b, detected by / LB 0,30 Hz
'9F NMR and LC-MS | aB 0
[ sh 19F NMR for 5a is -55.4 ppm from
| F. Wang, D. Wang, X. Mu, P. Chen and G. Liu,
l J. Am. Chem. Soc. 2014, 136, 10202.
- L
0 -1‘0 -20 -30 -40 -70 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 ppm

=2 ~
| o Q
o o
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Qualitative Analysis Report

xio 4 |[C22H34F3INO: +ES| Scan (rt: 1.375 min) Frag=150.0V GCH_2018041202.d Subtract (3)

311.2682

6

5

4 [B+NHg*

: )
o

ittt b g .“I' Ju

318.2983
473.2504

E([C22 H34 F3 N O]+NH4)+

E

| TP N T o [
T T

=]
L

4 bl i et
y

340 360 380

420 440 46 48|0 500 52|0 540 560 580
Counts vs. Mass-to-Charge (m/z)

S £403.2035

]
™ 4
s

CF,

‘Bu
5

Chemical Formula: CaaHagFaNO
Exact Mass; 385.2592

[5+NHg*

Chemical Formula: CaoHagFaN,O
Exact Mass: 403.2931 .

2.0 equiv TEMPO i

0.5 mol % Ru(bpy)3(PFg)a H '0)

1.0 equiv 2, 1.0 equiv H,O CF3 CF,
> +

B
DMF, rt, Ny, 6 h
‘Bu 4 W white LEDs  Bu Bu

1.2 equiv 1¢ 3¢ not detected 5, detected
by 19 NMR by LC-MS
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cCH-1-048-2  CDCL3
P [rgrre N L L L T e
NAME 180418
EXPNO 11
PROCNO 1
Date_ 20180418
Time 15.33
INSTRUM spect
PROBHD 5 mm PABBEO BE-
PULPROG 2930
™ 65536
SOLVENT cpel3
o]
NS 16 Jj\
DS 2
s 8223.685 Hz 0.5 mol % Ru(bpy)s(PFg)2 D7 o
FIDRES 0.125483 Hz i i
AQ 3.9846387 sec x 1.0 equiv2, 1.0 equiv HZC_)__ CF;
RG 128
oW 60.800 usec DMF-d7,1t, Np, 6 h
_?; 32§é5(1) ;ésec tBy 4 Wwhite LEDs 'Bu
géo 1.0000006(1) sec 1.2 equiv 1e 3c-D, 83% yield, >99% D
'H NMR (400 MHz, CDCly)
PLIW 14.17683315 W
sFo1 400.1424710 MHz
s1 32768
SF 400.1400091 MHz
WoW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
- e e e . . I - e , e .
10 9 8 7 6 5 4 3 2 1 0 ppm
oo, =] o o
ale =) =S
N =HwO ~ DO =MW
GCH-1-048-2 CDCL3 N e e o M b el o0 S @i o neadnn gm% 1334!18
53 4 SASR&ES8 F e Scoo e PROCNO 1
o o M~~~ W0 STMOMMO Date 20180418
Time 16.46
| N7 NN N Reteow e
PROBHD 5 mm PABBO BB-
PULPROG  7gpe30
™ 65536
SOLVENT  CDCB
NS 378
DS 4
SWH  24038.461 Hz
FIDRES  0.366798 Hz
AQ 13631988 sec
RG 203
(@) DW 20.800 usec
Jj\ 3 By
0.5 mol % Ru(bpy)3(PFg)2 DT O DI 2.00000000 sec
) A DIl 0.03000000 see
1.0 equiv 2, 1.0 equiv H;O CFs DO 1
————— CHANNEL f1
DMF-d7, rt, N3, 6 h NUCI 13C
Bu 4 W white LEDs  'Bu i b
’ PLIW 5374446869 W
1.2 equiv 1c 3¢-D, 83% yield, >99% D SFOI  100.6253446 MHz
————— CHANNEL f2
3¢ NMR (100 MHz, CDCl3) cPoPRGZ Walisl6
NUC2 H
PCPD2 90.00 usec
PL2 2,10 dB
PLI2 13.60 dB
PLI3 13,52 dB
PL2W 1417683315 W
PLIZW 038157430 W
PLI3W 038866836 W
SFO2  400.1416006 MHz
sI 768
SF 1006152911 MHz
WD EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
M wlll L N
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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GCH-T-048-2  CDCL3 5 A iEnia
3 Ao
! Date_ MNE041E
| Timé 1534
INSTRUM spect
PROBHD 5 mm PABBO BB=
PULPROG  zgfhiggn
TD 131072
SOLVENT CDCIB3
NS 16
Ds 4
O SWH BO2R5.711 Hx
FIDRES 1,681 196 Hz
JJ\ AQ 0.7340532 sec
D O RG 203
Dw 5.600 usec
DE 650 usec
c F3 TE 30989 K
(1)) 100000000 sec
D11 QLOI0M000 sec
Bu DIZ (000002000 sec
TDO 1
'SF NMR 32":’;-:1H CDCly) e CHANNEL ] =
{ 2y ¥ Pl 14.80 usec
PLL =3.00 dB
PLIW 1939504650 W
SFO1 376.4701248 MHz
s CHANNEL (2 s
CPDPRG2 waltzl6
NUC2 1H
PCPD2 Q0.0 usec
PL2 =210dB
PL12 13.60 dB
PL2IW 14.17683315'W
PLI2ZW 038157439 W
SFO2 400, 1416006 MHz
51 65536
SF 376.5077760 MHz
WDW EM
S5B 0
LB 0.30 He
GB 0
PC 1L.00
L
T T T T T T T T T T T
(1] =20 =40 -60 -80 -100 -120 -140 -160 -180 =200 ppm
@
o
Monoisotopic Mass, Odd and Even Electron lons
979 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:12-15 1H:0-60 2H:0-1 B:0-1 0:0-2 F:0-3
default file
EI-20180427 799 (7.321) Cm (799:801-806:808) TOF MS El+
1.81e+004
100— 260.0797
_ X
1 229.0894 D" O
CF3
213.0859 'Bu
i : 3c-D
Chemical Formula: Cy4HgDF30,
% 161.0984
i 275.1231
i 185.0566
111.0064
149.0802
91.0548 2441103
57.0714 77.0397 276.1292
0- 341.9986 miz
40 60 80 100 120 140 160 180 200 220 240
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT Formula

275, 1231 275, 1243

|
—
]

|
S
s
@
(=}
w
]
wl

Cl4 1HI6 2H 02 F3



GCH-I-059-2

NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

NS

CDCL3

180528
11

1

20180528
15.41
spect

5 mm PABBO BB-
zg30

65536
cpcl3

16

2

8223.685
0.125483
3.9846387
203

60.800
6.50

297.4
1.00000000
T

——8.058

6.231
6.223
6.207
€.159

<

3c-018

2.931
2.906
2.892
2.882
2.868
2.857
2.844
2.833
2.819

2.608
2.591
2.581
2.565
2.555
2.543
2.527
2.518
2.501
2.492
1.568
1.312

TH NMR (400 MHz, CDCly)

== CHANNEL f1 =
NUC1 1H
P1 14.77 usec
PL1 -2.10 dB
PL1W 14.17683315 W
SFO1 400.1424710 MHz
s1 32768
SF 400.1400091 MHz
WDW EM
SSB 0
1B 0.30 Hz
GB 0
BC 1.00
J JMK‘, N M,
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
S ] i bt al |12 s
- Nl - - -~ o
o ® awowowa
GCH-1-059-2 CDCL3 a8 B8RSR ewnase TRERE L S
b ooB aldaNaaa R oo oo cSoaw o  PROCNO
a3 3 i B i R B E w0 w0 SSIOP®  Date 20180528
Time 16.00
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
D 65536
SOLVENT €DCB
NS 120
DS 4
01 8 SWH 24038.461 Hz
FIDRES 0366798 Hz
,U\ AQ 1.3631988 sec
RG 203
H 0 DW 20.800 usec
DE 6.50 usec
CF3 TE 2982 K
D1 2.00000000 sec
DIl 0.03000000 sec
¢ TDO 1
Bu
======== CHANNEL f] =——=====
3(:-018 NUC1 13C
13, PL1 oy
C NMR (100 MHz, CDCl3) PLIW  53.74446869 W
SFOI  100.6253446 MHz
= CHANNEL 2 e
CPDPRG2  waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 2.10dB
PLI2 13.60 dB
PLI3 13.52 dB
PLIW 1417683315 W
PLI2W 038157439 W
PLI3W  0.38866836 W
SFO2  400.1416006 MHz
sl 32768
SF 100.6152904 MHz
Wi EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
e, L
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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GCH-I-059-2

CDCL3

= NAME 180528
b EXPNO 10
3 PROCNO 1
Date_ 20180528
Time 539
| INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgfhiggn
D 072
SOLVENT CDCI3
ols NS 16
DS 4
JL SWH 89285.711 Hz
FIDRES 0.681196 H;
H 0 AQ 0.7340532 sacz
C FJ %‘\:;i’ Sz,gflo usec
DE 6.50 usec
TE 2976K
Dl 1.00000000 sec
D1l 0.03000000 sec
Di2 0.00002000 sec
3c-018 DO 1
'9F NMR (376 MHz, CDCly) - CHANNEL f1
NUC1 19F
Pl 14.80 usec
PL1 -3.00 dB
PLIW 1939594650 W
SFO1 376.4701248 MHz
CHANNEL 2
CPDPRG2 waltzl 6
NUC2 IH
PCPD2 90.00 usec
PL2 -2.10dB
PLI12 13.60 dB
PLIW 1417683315 W
PLIZW 0.38157439 W
SFO2 400.1416006 MHz
SI 536
SF 376.5077760 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 100
|
T T T T T T T T T T T T T T T T T T T 1
0 40 20 -30 40 60 -70 80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 ppm
ﬁ
S
(2]
Monoisotopic Mass, Odd and Even Electron lons
243 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:12-30 H:0-80 180:1-2 170:0-2 180:0-2 F:1-8
default file
GCH-0529 981 (8.292) Cm (978:981-962:973) TOF MS El+
3.92e+004
100 213.0750
| JCJ)\”B
] H™ O
1 261.0908 CFs
. 185.0520
Bu
% 3c-018
2281111
91,0545 115.0541128.0624 186.0611 259.0942| 276.1210
570708 70384 7 149.0771
- 305 gggy 341.0398
0 miz
40 60 80 100 120 140 160 180 200 220 260 280 300 320 340
Minimum: -1.5
Max imum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT
276. 1210 276. 1223 =13 4.7 5.0 63.3 Cl4 H17 160 180 F3

62 /64




GCH-I-061-2 <CDC13 anaow 2rbhoT e MANCON OB NDT M N ®oN D ® N
SR8aS 888883 RGBT REBRRR25232YIARNDRY
I 0050 N B T T N N N N N N N N T N N
NAME 180531
EXPNO 2
PROCNO 1
Date_ 20180531
Time 11.26
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
™D 65536
SOLVENT CDC13
NS 16 OH
DS 2
SWH 8223.685 Hz CF3
FIDRES 0.125483 Hz
aQ 3.9846387 sec
RG 128 tBy
DW 60.800 usec
DE 6.50 usec 6
TR 297.2 K 1
Dl 1.00000000 sec HNMR (400 MHz, CDCl5)
TDO 1
CHANNEL f1
NUC1 1H
Pl 14.77 usec
PL1 -2.10 dB
PL1W 14.17683315 W
SFOL 400.1424710 MHz
SI 32768
SF 400.1400091 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
11 10 9 8 7 6 5 4 3 2 ppm
58 2 CH-I.-
] ! = d b s
e - - -3
o o M0 M NS
GCH-I-061-2 CDCI3 “ W enw s HEggLesh S35H BN
— o O InWm T L
n (] 0NN NN M~ 0 ommo NN T o
— — — o ~r-r 9w w ST MM
B\ NAVZENV AN
EXPNO 4
PROCNO 1
Date_ 20180531
Time 236
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zape30 OH
D 36
SOLVENT [EeE
30 CF3
DS 4
SWH 24038 461 Hz
FIDRES (0366798 Hz By
AQ 13631988 sec
RG 203
DW 20,800 usec 6
DE 6.50 usec
TE 2082 K 13C NMR (100 MHz, CDCly)
DI 2.00000000 sec
DIl 0.03000000 sec
DO 1
CHANNEL f1
NUCL 13C
Pl 9.00 usec
PLI -2.00 dB
PLIW  53.74446869 W
SFOl  100.6253446 MHz
CHANNEL £2
CPDPRG2  waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 210 dB
PLI2 13.60 dB
PLI3 13.52dB
PL2W  14.17683315 W
PLI2W 038157430 W
PLI3W  0.38866836 W
SFO2  400.1416006 MHz
si 768
SF 100.6152933 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
Jul .| il A
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 a0 30 20 10 ppm
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GCH-I-061-2 CDC13

r: M
] PROCNO 1
? Daie 20180531
Time 11.24
‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgthiggn
SOLVENT =l 7CT
NS
DS 4
SWH 80285711 Hz
FIDRES 0.681 1796 Hz
OH ﬁg D'lj;:;ﬁ-m
DW 5.600 usec
CF3 DE 6.50 usec
TE 297T4K
D1 100000000 sec
D11 0.03000000 sec
tay %1)% nmmlzooo sec
6 CHANNEL f1
NUC1 19F
19 NMR (376 MHz, CDCl5) H Sae
PLIW 19.39504650 W
SFO1 376.4701248 MHz
CHANNEL {2
CPDPRG2 waltzl6
NuC2 1H
PCPD2 90.00 usec
PL2 2.10dB
PLI2 13.60 dB
PL2W 14.17683315 W
PLI2ZW 038157439 W
SFO2 400.1416006 MHz
SI 36
SF 376.5077760 MHz
WDW EM
SSB o
LB 0.30 Hz
GB 0
PC 1.00
T 1 1 T I i T I 1 1 I
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm
ﬁ
=
™
Monoisotopic Mass, Odd and Even Electron lons
88 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:5-30 H:0-60 0:04 F:1-8
default file
GCH-0531-3 1135 (9.113) Cm (1135-1127:1132) TOF MS El+
1.03e+004
100- 231.0949
OH 213.0860
. CF3
tBu
. 6
Chemical Formula: Cy3H¢7F30
%_
163.1122
. 185.0573
_ 246.1236
91.0549 1110065
133.0618  148.0887
| 164.1173
41.0400 570707  77.0387 L L %89‘0540
Al | L nlll. i Ll i L DL, Junh Iill“l Ll Wl E ||J L I I
AL L L 0 L L L i 114
80 100 120 140 160 180 200 220 240
Minimum: -1.5
Max imum: 5.0 2.0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT Formula
246.1236  246. 1232 0.4 1.6 4.0 1.1 Cl3 H17 0 F3
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