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1. General

Commercial reagents and solvents were obtained from the commercial providers and used without
further purification. The products were purified using a commercial flash chromatography system or
a regular glass column. TLC was developed on silica gel 60 F254 glass plates. '"H NMR (400 MHz)
and 13C NMR (100 MHz) spectra were recorded on a Bruker NMR apparatus. The chemical shifts
are reported in & (ppm) values ("H and 13C NMR relative to CHCI;, 8 7.26 ppm for 'H NMR and 3
77.0 ppm for BC NMR). Or alternatively, 'H NMR chemical shifts were referenced to
tetramethylsilane signal (O ppm). Multiplicities are recorded by s (singlet), d (doublet), t (triplet), m
(multiplet) and br (broad). Coupling constants (J), are reported in Hertz (Hz). GC analyses were
performed using a Shimadzu GC-2010-ultra gas chromatography-mass spectrometry instrument

equipped with a Shimadzu AOC-20s autosampler.

2. General procedure for the preparation of N-thiosuccinimides:

Sulfuryl chloride (1.0 equivalent) was added dropwise to a solution of thiol (1.0 equivalent) and
triethylamine (0.1 equivalents) in dichloromethane (1M) at 0 °C. After stirring for 15 minutes, the
mixture was warmed to room temperature and stirred for 30 minutes and then cooled to 0 °C. The
resulting solution was transferred dropwise via cannula to a solution of succinimide (1.0 equivalent)
in dichloromethane (1M) and triethylamine (1.3 equivalents) at 0 °C, and the mixture was then
warmed to room temperature over 1 hour. The solution was diluted with water and extracted with an
equal volume of dichloromethane before being dried over sodium sulfate. Evaporation of the solvent

gave the crude product which could be purified by flash column chromatography.

3. General procedure for preparation of products 3 and 4
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N-thiosuccinimide (0.12 mmol) and alkene (0.1 mmol) were added to a dried polypropylene tube
equipped with a magnetic stirring bar. DCE (1 mL) was added and the mixture was stirred for 10
mins. Then, HF-Py (70 wt/wt%, 0.5 mmol) was added into the mixture and stirred for 6-12 h under
air at 60 °C. Upon completion, a saturated sodium bicarbonate aqueous solution was added to quench
the reaction, and the resulting aqueous mixture was extracted with DCM (3 x 5 mL). The combined
organic layers were dried over Na,SO, and concentrated. The crude product was further purified by

silica gel column chromatography.

4. Characterization data for compounds 3 and 4

/\/\/\)FVS
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3a

(2-fluorononyl)(p-tolyl)sulfane (3a). Colorless oil (24 mg, 91%). 'H NMR (400 MHz, CDCl;) &
7.31 (d, J= 8.1 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H), 4.67 — 4.47 (m, 1H), 3.21 — 2.94 (m, 2H), 2.32 (s,
3H), 1.79 — 1.63 (m, 2H), 1.48 — 1.23 (m, 12H), 0.88 (t, /= 6.8 Hz, 3H). '°F NMR (377 MHz, CDCl;)
0 -175.73 —-178.33 (m). '3C NMR (101 MHz, CDCls) 6 136.78, 131.98, 130.74, 129.80, 92.65 (d, J
=173.1 Hz), 39.26 (d, J = 24.2 Hz), 34.15 (d, J = 20.2 Hz), 31.85, 29.41, 29.35, 29.20, 24.85 (d, J =
3.9 Hz), 22.65, 21.01, 14.09. HRMS (EI) Calculated for C;¢H»sFS (M) 268.1661, found 268.1663.
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(7-bromo-2-fluoroheptyl)(p-tolyl)sulfane (3b). Colorless oil (26 mg, 83%). 'H NMR (400 MHz,
CDCl;) 6 7.30 (d, J= 8.1 Hz, 2H), 7.11 (d, /= 7.9 Hz, 2H), 4.66 — 4.47 (m, 1H), 3.39 (t, /= 6.8 Hz,
2H), 3.20 — 2.95 (m, 2H), 2.33 (s, 3H), 1.90 — 1.65 (m, 4H), 1.53 — 1.35 (m, 4H). '’F NMR (377
MHz, CDCl;) 6 -176.63 — -177.39 (m). *C NMR (101 MHz, CDCl;) 6 136.91, 131.79, 130.81,
129.85, 92.42 (d, J = 173.7 Hz), 39.18 (d, J = 23.2 Hz), 33.87 (d, J = 22.7 Hz), 33.61, 32.56, 27.87,

24.07 (d, J=3.7 Hz), 21.03. HRMS (EI) Calculated for C;4H,,BrFS (M*) 318.0453, found 318.0450.

F
"L
3c

(2-cyclohexyl-2-fluoroethyl)(p-tolyl)sulfane (3¢). Colorless oil (18 mg, 72%). 'H NMR (600 MHz,
CDCl;) 6 7.32 (d, J= 8.1 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 4.43 — 4.32 (m, 1H), 3.17 — 3.09 (m, 2H),
2.34 (s, 3H), 1.86 — 1.62 (m, 6H), 1.29 — 1.21 (m, 2H), 1.20 — 1.13 (m, 2H), 1.10 — 1.06 (m, 1H). '°F
NMR (565 MHz, CDCl3) 8 -184.46 — -184.84 (m). 13C NMR (151 MHz, CDCl3) 8 136.68, 132.13,
130.64, 129.79, 96.06 (d, J = 173.6 Hz), 41.12 (d, /= 19.4 Hz), 37.09 (d, J = 24.1 Hz), 28.77 (d, J =
4.6 Hz), 26.96 (d, /= 5.2 Hz), 26.21, 25.96 , 25.71, 21.05. HRMS (EI) Calculated for C;sH,FS (M")

252.1348, found 252.1352.

F
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(2-fluoro-3-phenylpropyl)(p-tolyl)sulfane (3d). Colorless oil (21 mg, 81%). '"H NMR (400 MHz,
CDCl;) 6 7.25 = 7.09 (m, 7H), 7.01 (d, J = 8.0 Hz, 2H), 4.81 — 4.60 (m, 1H), 3.10 — 2.87 (m, 4H),
2.24 (s, 3H). '°F NMR (377 MHz, CDCl5) 8 -174.68 — -176.89 (m). 13C NMR (101 MHz, CDCl3) 6
136.92, 136.45 (d, J = 2.1 Hz), 131.63, 130.79, 129.88, 129.53, 128.52, 126.79, 92.67 (d, ] = 176.3
Hz), 40.16 (d, J = 21.3 Hz), 38.49 (d, J = 24.3 Hz), 21.03. HRMS (EI) Calculated for C;¢H;FS (M")

260.1035, found 260.1030.

COo

3e

(2-fluoro-3-(naphthalen-2-yl)propyl)(p-tolyl)sulfane (3e). Colorless oil (23 mg, 76%). 'H NMR
(400 MHz, CDCl;) 6 7.95 — 7.88 (m, 1H), 7.82 — 7.74 (m, 1H), 7.69 (d, J = 7.8 Hz, 1H), 7.45 — 7.37
(m, 2H), 7.36 — 7.27 (m, 2H), 7.20 (d, J = 8.0 Hz, 2H), 6.99 (d, J = 8.0 Hz, 2H), 4.97 — 4.78 (m, 1H),
3.61-3.49 (m, 1H), 3.38 — 3.30 (m, 1H), 3.21-2.99 (m, 2H), 2.23 (s, 3H). '°F NMR (377 MHz,
CDCl3) 6 -172.47 — -173.28 (m). *C NMR (101 MHz, CDCl3) 6 136.91, 133.94, 132.74 (d, J = 4.1
Hz), 132.06, 131.62, 130.67, 129.87, 128.86, 127.92, 127.69, 126.13, 125.64, 125.47, 123.64, 92.31
(d, J = 4.1 Hz), 38.91(d, J = 23.1 Hz), 37.37 (d, J = 21.1 Hz), 21.02. HRMS (EI) Calculated for
Cy0H1oFS (M) 310.1191, found 310.1199.

L
S
3f
((1S, 2S)-2-fluorocyclohexyl)(p-tolyl)sulfane (3f). Colorless oil (17 mg, 88%). '"H NMR (600 MHz,

CDCl3) § 7.35 (d, J = 8.1 Hz, 2H), 7.08 (d, J = 7.9 Hz, 2H), 4.40 — 4.28 (m, 1H), 3.08-3.03 (m, 1H),

2.30 (s, 3H), 2.15 — 2.01 (m, 2H), 1.73 — 1.60 (m, 2H), 1.43 — 1.23 (m, 4H). 9F NMR (565 MHz,
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CDCl3) § -170.46 — -175.65 (m). 3C NMR (101 MHz, CDCls) § 137.65, 133.71, 129.99, 129.64,
92.54 (d, J = 176.2 Hz), 51.00 (d, J = 18.6 Hz), 31.17, 30.87 (d, J = 21.2 Hz), 24.23, 22.77 (d, J =

8.4 Hz), 21.09. HRMS (EI) Calculated for C;3H;7FS (M*) 224.1035, found 224.1041.

4
(K

3g
(1S, 2S)-2-fluorocyclooctyl)(p-tolyl)sulfane (3g). Colorless oil (22 mg, 90 %). 'H NMR (400 MHz,
CDCl,) 6 7.38 (d, J=8.0 Hz, 2H), 7.11 (d, /= 8.0 Hz, 2H), 4.73 — 4.57 (m, 1H), 3.46 — 3.35 (m, 1H),
2.33 (s, 3H), 2.07 — 1.93 (m, 3H), 1.84 — 1.59 (m, 5H), 1.56 — 1.28 (m, 4H). '°F NMR (377 MHz,
CDCl3) 6 -158.48 — -159.57 (m). 3C NMR (101 MHz, CDCls) & 137.35, 133.22, 131.10, 129.65,
96.66 (d, J=171.2 Hz), 53.20 (d, J = 21.2 Hz), 31.81 (d, J = 23.1 Hz), 28.60 (d, J = 6.0 Hz), 26.12,
25.42, 25.27, 24.14 (d, J = 6.8 Hz), 21.11. HRMS (EI) Calculated for C;sH,FS (M") 252.1348,

found 252.1355.

S
. 0L
(5-fluorooctan-4-yl)(p-tolyl)sulfane (3h). Colorless oil (21 mg, 84 %). 'H NMR (600 MHz, CDCls)
0733 (d,J=8.1Hz, 2H), 7.10 (d, J= 7.9 Hz, 2H), 4.53 — 4.42 (m, 1H), 3.07 — 3.00 (m, 1H), 2.33 (s,
3H), 1.78 — 1.65 (m, 4H), 1.52 — 1.35 (m, 4H), 0.94 — 0.89 (m, 6H). °F NMR (565 MHz, CDCl;) & -
182.21 — -182.67 (m). 3C NMR (101 MHz, CDCls) 6 137.34, 132.96, 131.31, 129.70, 95.31 (d, J =

175.1 Hz), 53.59 (d, J = 20.1 Hz), 34.50 (d, J = 21.2 Hz), 32.25 (d, J = 5.1 Hz), 21.08, 20.23, 18.61

(d, J=3.7 Hz), 13.92, 13.83. HRMS (EI) Calculated for C;sH,5FS (M*) 254.1504, found 254.1500.
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5-fluoro-6-(p-tolylthio)hexyl thiophene-2-carboxylate (3i). Colorless oil (34 mg, 97 %). '"H NMR
(400 MHz, CDCl;) 6 7.83 — 7.82 (m, 1H), 7.58 —7.57 (m, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.14 —7.12
(m, 3H), 4.72 — 4.53 (m, 1H), 4.31 (t, J = 6.5 Hz, 2H), 3.24 -2.99 (m, 2H), 2.35 (s, 3H), 1.92 — 1.73
(m, 4H), 1.63 — 1.49 (m, 2H). 'F NMR (377 MHz, CDCl;) 6 -176.91 — -177.43 (m). 3C NMR (101
MHz, CDCl;) 6 162.26, 136.92, 133.94, 133.34, 132.27, 131.75, 130.81, 129.86, 127.73, 93.24 (d, J

=172.8 Hz), 64.81, 39.15 (d, J=23.2 Hz), 33.67 (d, J=20.1 Hz), 28.44, 21.53 (d, /= 3.8 Hz), 21.02.
HRMS (EI) Calculated for C;sH,,FO,S, (M*) 352.0967, found 352.0966.

0] F
G,)J\O/\/\)\/S
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5-fluoro-6-(p-tolylthio)hexyl furan-2-carboxylate (3j). Colorless oil (31 mg, 92 %). 'H NMR (400
MHz, CDCl;) 6 7.61 — 7.53 (m, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.17 — 7.16 (m, 1H), 7.11 (d, J = 8.0
Hz, 2H), 6.53 — 6.47 (m, 1H), 4.68 — 4.48 (m, 1H), 4.29 (t, /= 6.5 Hz, 2H), 3.20 — 2.96 (m, 2H), 2.32
(s, 3H), 1.85 — 1.69 (m, 4H), 1.67 — 1.59 (m, 1H), 1.54 — 1.45 (m, 1H). '°F NMR (377 MHz, CDCl3)
3 -176.92 — -177.49 (m). 3C NMR (101 MHz, CDCl;) & 158.76, 146.25, 144.78, 136.93, 131.73,
130.80, 129.85, 117.83, 111.80, 92.36 (d, J = 172.2 Hz), 64.62, 39.15 (d, J = 23.7 Hz), 33.66 (d, J =

20.1 Hz), 28.43, 21.48 (d, J = 3.7 Hz), 21.02. HRMS (EI) Calculated for C;sH,FO;S (M*) 336.1195,
found 336.1191.
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4-fluoro-5-(p-tolylthio)pentyl 5-(1,2-dithiolan-3-yl)pentanoate (3k). Colorless oil (22 mg, 53 %).
'"H NMR (400 MHz, CDCl;)  7.30 (d, J= 8.1 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 4.66 —4.51 (m, 1H),
4.14 — 4.02 (m, 2H), 3.60 — 3.53 (m, 1H), 3.26 — 2.92 (m, 4H), 2.50 — 2.44 (m, 1H), 2.38 — 2.25 (m,
5H), 1.95 — 1.86 (m, 1H), 1.86 — 1.59 (m, 8H), 1.53 —1.41 (m, 2H). '°F NMR (377 MHz, CDCl;) & -
176.49 — -179.92 (m). 3C NMR (151 MHz, CDCls) 6 173.47, 137.01, 131.59, 130.84, 129.89, 92.11
(d, J=173.5 Hz), 63.82, 56.35, 40.24, 39.13 (d, J = 22.6 Hz), 38.50, 34.62, 34.05, 30.68 (d, J=21.1
Hz), 28.78, 24.70, 24.30 (d, J = 3.5 Hz), 21.05. HRMS (EI) Calculated for Cy0HyoFO,S; (M*)
416.1314, found 416.1311.

F
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3-fluoro-4-(p-tolylthio)butyl benzoate (31). Colorless oil (21 mg, 68 %). 'H NMR (400 MHz,
CDCl3) 6 7.97 (d,J=17.5 Hz, 2H), 7.57 — 7.53 (m, 1H), 7.43 — 7.39 (m, 2H), 7.29 (d, J = 8.1 Hz, 2H),
7.06 (d, J = 8.0 Hz, 2H), 4.87 — 4.67 (m, 1H), 4.52 — 4.36 (m, 2H), 3.27 — 3.18 (m, 2H), 2.32 — 2.03
(m, 5H). 'F NMR (377 MHz, CDCl;) 6 -178.99 — -179.81 (m). *C NMR (101 MHz, CDCl;) &
166.37, 137.18, 133.02, 131.24, 131.18, 130.08, 129.90, 129.60, 128.37, 89.46 (d, J = 173.4 Hz),
60.76 (d, J=4.4 Hz), 39.17 (d, J = 23.4 Hz), 33.28 (d, /= 21.4 Hz), 21.03. HRMS (EI) Calculated
for CisH9FO,S (M*) 318.1090, found 318.1095.
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5-fluoro-6-(p-tolylthio)hexyl methanesulfonate (3n). Colorless oil (24 mg, 76 %). '"H NMR (400
MHz, CDCl;) 6 7.30 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 4.65 — 4.59 (m, 1H), 4.21 (t, J =
6.4 Hz, 2H), 3.22 — 2.93 (m, 5H), 2.32 (s, 3H), 1.87 — 1.67 (m, 4H), 1.61 — 1.43 (m, 2H). '°F NMR
(377 MHz, CDCl3) 8 -176.81 — -177.59 (m). 3C NMR (101 MHz, CDCl3) § 137.01, 131.61, 130.83,
129.90, 92.24 (d, J = 172.4 Hz), 69.58, 39.19 (d, J = 24.4 Hz), 37.40, 33.35 (d, J = 21.1 Hz), 28.85,
21.08, 21.04 (d, J = 3.0 Hz). HRMS (EI) Calculated for C,4H,FO3;S, (M*) 320.0916, found

320.0921.

F
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4-fluoro-5-(p-tolylthio)pentyl-4-methylbenzenesulfonate (30). Colorless oil (23 mg, 61 %). 'H
NMR (400 MHz, CDCls) & 7.77 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.1 Hz,
2H), 7.11 (d, J= 8.0 Hz, 2H), 4.59 — 4.41 (m, 1H), 4.14 — 3.96 (m, 2H), 3.16 — 2.89 (m, 2H), 2.45 (s,
3H), 2.32 (s, 3H), 1.87 — 1.63 (m, 4H). '°F NMR (377 MHz, CDCl3) & -177.80 — -178.32 (m). 13C
NMR (101 MHz, CDCl;) 6 144.82, 137.08, 133.11, 131.49, 130.89, 129.91, 129.88, 127.89, 91.85 (d,
J=172.5 Hz), 69.88, 39.80 (d, J = 23.5 Hz), 30.10 (d, J = 21.1 Hz), 24.64 (d, J = 3.5 Hz), 21.63,

21.02. HRMS (ESI) Calculated for C19H»3FO3S;Na (M+Na) 405.0970, found 405.0961.

F

NG~ s
» L
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5-fluoro-6-(p-tolylthio)hexanenitrile (3p). Colorless oil (19 mg, 80 %). 'H NMR (400 MHz, CDCl;)
0 7.29 (d, J= 8.0 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 4.65 — 4.46 (m, 1H), 3.23 — 2.91 (m, 2H), 2.36 (t,
J=6.4 Hz, 2H), 2.31 (s, 3H), 1.97 — 1.69 (m, 4H). '°F NMR (377 MHz, CDCls) 6 -177.38 — -177.97
(m). BC NMR (101 MHz, CDCl3) & 137.24, 131.28, 131.02, 129.96, 119.16, 91.77 (d, /= 173.3 Hz),
39.00 (d, J = 24.3 Hz), 32.78 (d, J = 20.1 Hz), 21.28 (d, J = 3.3 Hz), 21.04, 16.99. HRMS (EI)
Calculated for C;3HcFNS (M*) 237.0987, found 237.0982.

3q

NN
|8

(7-azido-2-fluoroheptyl)(p-tolyl)sulfane (3q). Colorless oil (21 mg, 75 %). 'H NMR (400 MHz,
CDCl;) 6 7.30 (d, J= 8.1 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 4.66 — 4.47 (m, 1H), 3.25 (t, /= 6.9 Hz,
2H), 3.20 — 2.94 (m, 2H), 2.32 (s, 3H), 1.82 — 1.57 (m, 4H), 1.52 — 1.36 (m, 4H). '’F NMR (377
MHz, CDCl;) 6 -176.63 — -177.46 (m). *C NMR (101 MHz, CDCl;) 6 136.91, 131.80, 130.80,
129.85, 92.47 (d, J = 172.3 Hz), 51.32, 39.17 (d, J = 24.1 Hz), 33.89 (d, J = 21.1 Hz), 28.69, 26.46,

24.45 (d, J = 3.7 Hz), 21.01. HRMS (EI) Calculated for C14H,FN;S (M*) 281.1362, found 281.1367.

2-(6-fluoro-7-(p-tolylthio)heptyl)isoindoline-1,3-dione (3r). Colorless oil (26 mg, 69 %). 'H NMR
(400 MHz, CDCl3) 6 7.90 — 7.76 (m, 2H), 7.76 — 7.56 (m, 2H), 7.29 (d, J = 8.1 Hz, 2H), 7.10 (d, J =
7.9 Hz, 2H), 4.64 — 4.44 (m, 1H), 3.67 (t, J = 7.2 Hz, 2H), 3.17 — 2.94 (m, 2H), 2.31 (s, 3H), 1.75—

1.62 (m, 4H), 1.56 — 1.30 (m, 4H). '°F NMR (377 MHz, CDCl3) 6 -175.52 — -177.29 (m). *C NMR
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(101 MHz, CDCl;) & 168.43, 136.84, 133.88, 132.18, 131.83, 130.81, 129.82, 123.19, 93.30 (d, J =
172.1 Hz), 91.58, 39.19 (d, J = 24.1 Hz), 37.86, 33.93 (d, J = 20.1 Hz), 28.44, 26.60, 24.46 (d, J =
3.8 Hz), 21.02. HRMS (EI) Calculated for C»,H,,FNO,S (M) 385.1512, found 385.1516.

F

3s

(2-fluoro-6-(4-methoxyphenoxy)hexyl)(p-tolyl)sulfane (3s). Colorless oil (33 mg, 96 %). '"H NMR
(400 MHz, CDCl3) ¢ 7.23 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.0 Hz, 2H), 6.77 — 6.75 (m, 4H), 4.61 —
4.43 (m, 1H), 3.82 (t,J = 6.3 Hz, 2H), 3.69 (s, 3H), 3.13 — 2.89 (m, 2H), 2.25 (s, 3H), 1.77 — 1.63 (m,
4H), 1.75 -1.66 (m, 1H), 1.59 —1.45 (m, 1H). '°F NMR (377 MHz, CDCl;) 8 -176.66 — -177.53 (m).
13C NMR (101 MHz, CDCl;) 6 153.80, 153.18, 136.88, 131.82, 130.79, 129.85, 115.48, 114.68,
92.47 (d, J=172.1 Hz), 68.28, 55.76, 39.20 (d, /= 23.1 Hz), 33.85 (d, /= 20.0 Hz), 29.10, 21.63 (d,

J=3.8 Hz), 21.03. HRMS (EI) Calculated for C;)H,5FO,S (M*) 348.1559, found 348.1556.

S ATAYeS

3t

4-((5-fluoro-6-(p-tolylthio)hexyl)oxy)benzonitrile (3t). Colorless oil (32 mg, 95 %). 'H NMR (400
MHz, CDCly) 6 7.57 (d, J = 8.7 Hz, 2H), 7.30 (d, /= 8.0 Hz, 2H), 7.11 (d, /= 8.0 Hz, 2H), 6.91 (d, J
= 8.7 Hz, 2H), 4.69 — 4.50 (m, 1H), 3.99 (t, J= 6.3 Hz, 2H), 3.22 — 3.13 (m, 2H), 2.32 (s, 3H), 1.91 —
1.72 (m, 4H), 1.71 — 1.62 (m, 1H), 1.57 — 1.52 (m, 1H). '°F NMR (377 MHz, CDCl3) 4 -176.62 — -
177.53 (m). 13C NMR (101 MHz, CDCls) 6 162.30, 136.95, 133.98, 131.73, 130.76, 129.87, 119.25,

115.19, 103.86, 92.38 (d, J = 172.1 Hz), 68.01, 39.12 (d, J = 23.0 Hz), 33.69 (d, J = 20.0 Hz), 28.71,
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21.55 (d, J = 3.7 Hz), 21.03. HRMS (EI) Calculated for C,yH,FNOS (M*) 343.1406, found

343.1410.

F

3u

4-((5-fluoro-6-(p-tolylthio)hexyl)oxy)benzaldehyde (3u). Colorless oil (31 mg, 90 %). 'H NMR
(400 MHz, CDCl5) 6 9.88 (s, 1H), 7.82 (d, J = 8.6 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 7.11 (d, /= 8.0
Hz, 2H), 6.97 (d, J = 8.6 Hz, 2H), 4.70 — 4.50 (m, 1H), 4.03 (t, J = 6.3 Hz, 2H), 3.25 — 2.95 (m, 2H),
2.32 (s, 3H), 1.90 — 1.72 (m, 4H), 1.71 — 1.64 (m, 1H), 1.61 — 1.51 (m, 1H). '°F NMR (377 MHz,
CDCls) 6 -176.60 — -177.54 (m). 3C NMR (101 MHz, CDCl3) & 190.78, 164.09, 136.94, 132.00,
131.74, 130.77, 129.91, 129.87, 114.76, 92.80 (d, J = 172.1 Hz), 68.01, 39.14 (d, J = 23.0 Hz), 33.73
(d, J = 3.7 Hz), 28.78, 21.57 (d, J = 3.7 Hz), 21.03. HRMS (EI) Calculated for C,,H,3FO,S (M")

346.1403, found 346.1400.

o d O

3v

(2-fluoro-6-(4-nitrophenoxy)hexyl)(p-tolyl)sulfane (3v). Colorless oil (31 mg, 87 %). 'H NMR
(400 MHz, CDCls) 6 8.19 (d, J=9.1 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.92
(d, J=9.2 Hz, 2H), 4.70 — 4.51 (m, 1H), 4.04 (t, J = 6.3 Hz, 2H), 3.25 — 2.96 (m, 2H), 2.32 (s, 3H),
1.91 — 1.58 (m, 6H). '°’F NMR (377 MHz, CDCl;) 8 -176.62 — -178.97 (m). 3C NMR (101 MHz,
CDCl) 6 164.06, 141.46, 136.97, 131.71, 130.76, 129.87, 125.92, 114.41, 92.37 (d, J = 172.1 Hz),
68.48, 39.11 (d, J = 23.7 Hz), 33.67 (d, J =20.1 Hz), 28.70, 21.53 (d, /= 3.7 Hz), 21.03. HRMS (EI)

Calculated for C19H,,FNO3S (M*) 363.1304, found 363.1310.
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@) F

O/\/\)\/S
L

3w

5-fluoro-6-(p-tolylthio)hexyl-adamantane-2-carboxylate (3w). Colorless oil (31 mg, 84 %). 'H
NMR (400 MHz, CDCls) 6 7.30 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 4.67 — 4.45 (m, 1H),
4.04 (t,J = 6.4 Hz, 2H), 3.20 — 2.95 (m, 2H), 2.32 (s, 3H), 2.06 (s, 2H), 1.96 (s, 3H), 1.74 — 1.60 (m,
14H), 1.57 — 1.38 (m, 2H). 'F NMR (377 MHz, CDCl;) 6 -176.72 — -177.55 (m). 3C NMR (151
MHz, CDCl;) 6 171.89, 136.89, 131.75, 130.77, 129.86, 92.35 (d, /= 174.2 Hz), 63.62, 49.02, 42.43,
39.13 (d, J = 24.7 Hz), 36.76, 33.67 (d, J = 21.1 Hz), 32.76, 28.63, 28.44, 21.56 (d, J = 3.7 Hz),

21.04. HRMS (EI) Calculated for C,4H33FO,S (M*) 404.2185, found 404.2187.

F, SPh

ST

3x

BR, 9S, 13S, 14S)-3-((5-fluoro-6-(phenylthio)hexyl)oxy)-13-methyl-6,7,8,9,11,12,13,14,15,16-
decahydro-17H-cyclopenta[a]phenanthren-17-one (3x). Colorless oil (33 mg, 70 %). '"H NMR
(400 MHz, CDCl3) 6 7.39 (d, J= 7.6 Hz, 2H), 7.30 (t, J = 7.6 Hz, 2H), 7.23 — 7.18 (m, 2H), 6.70 (dd,
J=38.5,2.5Hz, 1H), 6.64 —6.63 (m, 1H), 4.75 — 4.49 (m, 1H), 3.93 (t, /= 6.2 Hz, 2H), 3.26-3.03 (m,
2H), 2.91-2.87 (m, 2H), 2.54 —2.47 (m, 1H), 2.44 — 2.34 (m, 1H), 2.27 — 2.22 (m, 1H), 2.20 — 1.92
(m, 4H), 1.90 — 1.73 (m, 4H), 1.68 — 1.57 (m, 4H), 1.56 — 1.43 (m, 4H), 0.91 (s, 3H). '°F NMR (377
MHz, CDCl3) 6 -176.37 — -177.40 (m). 3C NMR (151 MHz, CDCIl;) & 157.02, 137.75, 135.63,
132.01, 129.90, 129.08, 126.60, 126.34, 114.57, 112.12,92.41 (d, J=171.1 Hz), 67.49, 50.43, 48.04,

44.00, 38.56, 38.40, 35.90, 33.95 (d, J = 19.6 Hz), 31.61, 29.68, 29.04, 26.58, 25.95, 21.65 (d, J =
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21.1 Hz), 21.61, 13.88. HRMS (EI) Calculated for C;yH3,FO,SNa (M+Na) 503.2391, found

503.2388.

(BR, 4S, SR, 6R)-3,4,5-tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-yl 9-
fluoro-10-(p-tolylthio)decanoate (3y). Colorless oil (50 mg, 61 %). 'H NMR (600 MHz, CDCls)
7.31 —7.23 (m, 20H), 7.10 (dd, J = 7.3, 2.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 6.37 — 6.36 (m, 1H),
4.92 — 491 (m, 1H), 4.84 — 4.76 (m, 2H), 4.70 — 4.63 (m, 1H), 4.60 — 4.56 (m, 2H), 4.48 — 4.43 (m,
2H), 3.90 - 3.87 (m, 1H), 3.85 —3.78 (m, 1H), 3.72 — 3.68 (m, 2H), 3.67 — 3.65 (m, 1H), 3.61 — 3.59
(m, 1H), 3.12 — 2.69 (m, 2H), 2.35—- 2.28 (m, 2H), 2.28 (s, 3H), 1.67 — 1.57 (m, 4H), 1.43 — 1.18 (m,
9H). '°F NMR (565 MHz, CDCl;) 6 -176.37 — -177.71 (m). 3C NMR (151 MHz, CDCl;) 6 172.2,
138.6, 138.04, 137.84, 137.67, 136.79, 131.92, 130.71, 129.83, 128.45,128.43, 128.11, 128.04,
127.97,127.93, 127.89, 127.85, 127.77, 127.71, 127.68, 92.56(d, J = 172.1 Hz), 89.78, 81.72, 78.99,
76.96, 75.69, 75.34, 73.56, 73.13, 72.88, 68.14, 39.22 (d, J = 22.6 Hz), 34.36, 34.10 (d, /= 21.1 Hz),
29.17, 29.11, 28.90, 24.86, 24.83 (d, J = 4.5 Hz), 21.04. HRMS (ESI) Calculated for Cs;HsFO;SNa
(M+Na) 857.3858, found 857.3853.
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5-fluoro-6-(p-tolylthio)hexyl 2-(10-0x0-10,11-dihydrodibenzo /b, f] thiepin-2-yl)propanoate (3z).
Colorless oil (47 mg, 90 %). '"H NMR (400 MHz, CDCl5) 6 8.13 — 8.10 (m, 1H), 7.52 — 7.49 (m, 2H),
7.36 — 7.30 (m, 2H), 7.25 — 7.18 (m, 3H), 7.10 — 6.99 (m, 3H), 4.52 — 4.32 (m, 1H), 4.26 (s, 2H),
3.96 (t, J= 6.5 Hz, 2H), 3.62 (q, J = 7.2 Hz, 1H), 3.06 — 2.80 (m, 2H), 2.23 (s, 3H), 1.58 — 1.46 (m,
4H), 1.39 (d, J= 7.2 Hz, 3H), 1.33 — 1.19 (m, 2H). '°F NMR (377 MHz, CDCl;) 4 -176.97 — -177.48
(m). *C NMR (101 MHz, CDCl;) 6 191.30, 173.89, 142.78, 140.24, 137.94, 136.86, 136.18, 133.23,
132.51, 131.81, 131.53, 131.47, 130.85, 130.73, 129.85, 128.64, 126.84, 126.34, 92.27 (d, J = 172.1
Hz), 64.63, 51.05, 45.23, 39.05 (d, J = 23.7 Hz), 33.54 (d, /= 21.0 Hz), 28.22, 21.32 (d, /= 3.7 Hz),

21.02, 18.38.HRMS (ESI) Calculated for C5yH3;FO3S,Na (M+Na) 545.1591, found 545.1588.

F
NN NN
3aa \©

(2-fluorodecyl)(phenyl)sulfane (3aa). Colorless oil (23 mg, 86 %). 'H NMR (400 MHz, CDCl;) &
7.38 (d, J = 7.5 Hz, 2H), 7.31 — 7.26 (m, 2H), 7.22 — 7.19 (m, 1H), 4.69 — 4.51 (m, 1H), 3.24 -3.01
(m, 2H), 1.81 — 1.62 (m, 2H), 1.49 — 1.25 (m, 12H), 0.88 (t, J = 6.8 Hz, 3H). '°F NMR (377 MHz,
CDCl;) 6 -176.37 — -177.24 (m). 3C NMR (101 MHz, CDCl;) 8 135.79, 129.88, 129.02, 126.51,
92.59 (d, J = 172.1 Hz), 38.57 (d, J = 24.1 Hz), 34.20 (d, J = 21.1 Hz), 31.83, 29.40, 29.34, 29.18,
24.84 (d, J = 4.1 Hz), 22.65, 14.08. HRMS (EI) Calculated for C;cH,sFS (M*) 268.1661, found

268.1667.
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2-fluorodecyl-4-fluorophenyl sulfane (3ab). Colorless oil (23 mg, 80 %). 'H NMR (400 MHz,
CDCl;) 6 7.53 — 7.31 (m, 2H), 7.02 — 6.98 (m, 2H), 4.65 — 4.47 (m, 1H), 3.16 — 2.96 (m, 2H), 1.76 —
1.60 (m, 2H), 1.48 — 1.25 (m, 12H), 0.88 (t, /= 6.8 Hz, 3H). I°F NMR (377 MHz, CDCl;) & -114.79
—-114.89 (m), -176.09 — -178.74 (m). 3C NMR (101 MHz, CDCl;) & 162.09 (d, J = 246.2 Hz),
133.06 (d, J = 8.9 Hz), 130.67 (d, J = 3.6 Hz), 116.25 (d, J = 22.1 Hz), 93.44 (d, J = 172.1 Hz),
3991 (d, J = 24.1 Hz), 34.15 (d, J = 21.0 Hz), 31.83, 29.40, 29.33, 29.18, 24.84 (d, J = 4.2 Hz),
22.64, 14.08. HRMS (EI) Calculated for C;sH4F,S (M™) 286.1567, found 286.1563.

(2-fluorodecyl)(4-iodophenyl)sulfane (3ad). Colorless oil (30 mg, 77 %). '"H NMR (400 MHz,
CDCl) 6 7.60 (d, J = 8.2 Hz, 2H), 7.12 — 7.10 (m, 2H), 4.67 — 4.49 (m, 1H), 3.20 -3.00 (m, 2H),
1.77 — 1.60 (m, 2H), 1.49 — 1.25 (m, 12H), 0.88 (t, J= 6.7 Hz, 3H). '°F NMR (377 MHz, CDCl;) & -
176.70 — -177.06 (m). 3C NMR (101 MHz, CDCl;) 8 137.97, 136.03, 131.36, 91.46 (d, J = 172.1
Hz), 91.31, 38.46 (d, J = 24.0 Hz), 34.22 (d, J = 20.0 Hz), 31.84, 29.40, 29.33, 29.18, 24.85 (d, J =
4.0 Hz), 22.65, 14.09. HRMS (EI) Calculated for C,cHp4FIS (M*) 394.0627, found 394.0621.

1-(4-((2-fluorodecyl)thio)phenyl)ethan-1-one (3ae). Colorless oil (16 mg, 53 %). 'H NMR (400
MHz, CDCl;) 6 7.87 (d, J = 8.6 Hz, 2H), 7.36 (d, J = 8.6 Hz, 2H), 4.75 — 4.56 (m, 1H), 3.31 —3.11
(m, 2H), 2.57 (s, 3H), 1.81 — 1.63 (m, 2H), 1.39 — 1.19 (m, 12H), 0.88 (t, J = 6.8 Hz, 3H). 'F NMR

(377 MHz, CDCls) & -176.38 — -177.19 (m). 3C NMR (151 MHz, CDCl3) & 197.14, 143.38, 134.41,
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128.87, 127.11, 92.34 (d, J = 175.1 Hz), 36.93 (s), 36.85 (d, J = 24.1 Hz), 34.41 (d, J = 21.0 Hz),
31.83, 29.40, 29.33, 29.19, 26.47, 24.88 (d, J = 4.0 Hz), 22.65, 14.10.HRMS (EI) Calculated for

Ci3H»,FOS (M) 310.1767, found 310.1763.

OMe

(2-fluorodecyl)(4-methoxyphenyl)sulfane (3af). Colorless oil (25 mg, 83 %). 'H NMR (400 MHz,
CDCl5) 6 7.39 (d, J = 8.5 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 4.63 — 4.44 (m, 1H), 3.80 (s, 3H), 3.17 —
2.86 (m, 2H), 1.78 — 1.60 (m, 2H), 1.48 — 1.24 (m, 12H), 0.88 (t, J = 6.7 Hz, 3H). '°F NMR (377
MHz, CDCl3) 6 -176.92 — -177.75 (m). 3C NMR (101 MHz, CDCIl;) & 159.27, 133.77, 125.88,
114.69, 92.67 (d, J = 172.1 Hz), 55.34, 40.55 (d, J = 21.1 Hz), 34.10 (d, J = 20.0 Hz), 31.84, 29.41,
29.36, 29.19, 24.84 (d, J = 3.8 Hz), 22.65, 14.08. HRMS (EI) Calculated for C;;H,,FOS (M*)
298.1767, found 298.1763.

F F
NN
3ag \©

(2-fluorodecyl)(2-fluorophenyl)sulfane (3ag). Colorless oil (23 mg, 82 %). '"H NMR (400 MHz,
CDCl;) 6 7.47 — 7.39 (m, 1H), 7.28 — 7.19 (m, 1H), 7.12 — 7.01 (m, 2H), 4.66 — 4.47 (m, 1H), 3.19 —
2.98 (m, 2H), 1.75 — 1.62 (m, 2H), 1.49 — 1.23 (m, 12H), 0.86 (t, J = 6.8 Hz, 3H). '°F NMR (377
MHz, CDCl3) 8 -108.57 — -108.89 (m), -176.71 — -177.74 (m). 3C NMR (101 MHz, CDCl;) &
162.35 (d, J = 244.1 Hz) 133.12, 129.08 (d, J = 8.1 Hz), 124.52 (d, /= 4.1 Hz), 122.41 (d, J = 18.2
Hz) 115.97 (d, J = 23.1 Hz), 92.73 (d, J =171.1 Hz), 38.13 (d, J = 24.1 Hz), 34.15 (d, J = 21.1 Hz),
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31.83,29.39, 29.32, 29.18, 24.81 (d, J = 4.2 Hz), 22.64, 14.08. HRMS (EI) Calculated for C;gH4F»S

(M) 286.1567, found 286.1560.

F
NN Br
3ah \©/

(3-bromophenyl)(2-fluorodecyl)sulfane (3ah). Colorless oil (23 mg, 71 %). '"H NMR (400 MHz,
CDCl;) 6 7.50 (s, 1H), 7.34 — 7.28 (m, 2H), 7.17 — 7.13 (m, 1H), 4.70 — 4.52 (m, 1H), 3.23 —3.03 (m,
2H), 1.77 — 1.64 (m, 2H), 1.49 — 1.26 (m, 12H), 0.88 (t, /= 6.7 Hz, 3H). '°F NMR (377 MHz, CDCl;)
3 -176.66 — -177.02 (m). 3C NMR (101 MHz, CDCl;) & 138.38, 131.89, 130.27, 129.43, 127.94,
122.86, 92.41 (d, J = 172.1 Hz), 38.34 (d, J = 24.1 Hz), 34.22 (d, J = 21.1 Hz), 31.83, 29.39, 29.33,
29.18, 24.84 (d, J = 4.1 Hz), 22.64, 14.08. HRMS (EI) Calculated for C;sH,4BrFS (M) 346.0766,

found 346.0771.

(2-fluorodecyl)(octyl)sulfane (3ai). Colorless oil (20 mg, 67 %). 'H NMR (400 MHz, CDCls) 6 4.69
—4.49 (m, 1H), 2.82 — 2.51 (m, 4H), 1.74 — 1.42 (m, 6H), 1.39 — 1.24 (m, 20H), 0.88 (t, J = 6.7 Hz,
6H). 'F NMR (377 MHz, CDCl;) 8 -176.02 — -176.76 (m). '3C NMR (101 MHz, CDCI;) 4 92.05 (d,
J =170.0 Hz), 36.51 (d, J = 23.0 Hz), 34.29 (d, J = 20.1 Hz), 33.12, 31.85, 31.81, 29.68, 29.68,
29.44, 29.40, 29.21, 29.18, 28.84, 24.95 (d, J = 4.1 Hz), 22.65, 14.08. HRMS (EI) Calculated for

Ci3H37FS (M) 304.2600, found 304.2610.
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F
NN
3aj \O

Cyclohexyl(2-fluorodecyl)sulfane (3aj). Colorless oil (20 mg, 62 %). 'H NMR (400 MHz, CDCl;)
0 4.66 —4.47 (m, 1H), 2.84 — 2.63 (m, 3H), 2.04 — 1.92 (m, 2H), 1.83 — 1.56 (m, 6H), 1.52 — 1.22 (m,
16H), 0.88 (t,J = 6.7 Hz, 3H). '°F NMR (377 MHz, CDCl;) 4 -175.67 — -176.04 (m). '3C NMR (101
MHz, CDCl3) 6 92.12 (d, J=170.2 Hz), 44.21, 34.43 (d, J = 24.2 Hz), 34.31 (d, J= 20.2 Hz), 33.72,
33.68, 31.85, 29.44, 29.39, 29.21, 26.09, 26.05, 25.80, 24.95 (d, J = 4.2 Hz), 22.65, 14.08. HRMS

(EI) Calculated for CiHs FS (M) 274.2130, found 274.2136.

F

d\/S\Q\
Br
3ak

(2-(2-bromophenyl)-2-fluoroethyl)(p-tolyl)sulfane (3ak). Colorless oil (13 mg, 41 %). 'H NMR
(600 MHz, CDCl3) & 7.51 — 7.48 (m, 2H), 7.35 -7.33 (m, 3H), 7.18 — 7.15 (m, 1H), 7.09 (d, J = 8.0
Hz, 2H), 5.88 — 5.79 (m, 1H), 3.43 — 3.18 (m, 2H), 2.31 (s, 3H). '°F NMR (565 MHz, CDCl;) 6 -
180.63 — -180.85 (m). 3C NMR (151 MHz, CDCls) & 138.10 (d, J = 22.6 Hz), 138.03, 137.12,
132.73, 131.57, 131.39, 129.97 (d, J = 1.6 Hz), 129.75, 127.76, 127.24 (d, J = 9.9 Hz), 120.80 (d, J =
6.0 Hz), 92.12 (d, J = 176.6 Hz), 40.60 (d, J = 25.6 Hz), 21.09. HRMS (EI) Calculated for
Cy5H14BrFS (M*) 323.9984, found 323.9978.
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Saa oy

r
3al

(2-(2-bromophenyl)-2-fluoroethyl)(4-chlorophenyl)sulfane (3al). Colorless oil (14 mg, 42 %). 'H
NMR (600 MHz, CDCl;) 6 7.54 — 7.48 (m, 2H), 7.39 — 7.33 (m, 3H), 7.26 — 7.23 (m, 2H), 7.21 —
7.18 (m, 1H), 5.91 — 5.81 (m, 1H), 3.46 —3.23 (m, 2H). '°F NMR (565 MHz, CDCl3) 6 -180.68 — -
180.84 (m). '*C NMR (151 MHz, CDCl3) 6 137.78 (d, J=21.1 Hz), 133.73, 132.99, 132.75, 132.19,
130.10 (d, J= 1.0 Hz), 129.08, 127.81, 127.25 (d, /= 10.0 Hz), 120.70 (d, J= 5.8 Hz), 91.45 (d, J =
178.2 Hz), 40.11 (d, J = 25.6 Hz). HRMS (EI) Calculated for C,4H;;BrCIFS (M*) 343.9437, found

343.9430.

0

4a
(2, 2-difluoro-2-phenylethyl)(phenyl)sulfane (4a). Colorless oil (14 mg, 51 %). 'H NMR (400
MHz, CDCl3) § 7.51 — 7.46 (m, 2H), 7.44 — 7.37 (m, 3H), 7.34 — 7.30 (m, 2H), 7.25 — 7.16 (m, 3H),
3.57 (t, J = 14.4 Hz, 2H). '°F NMR (377 MHz, CDCls) 6 -94.53 (t, J = 14.3 Hz). *C NMR (151
MHz, CDCls) 6 135.84 (t, J = 25.6 Hz), 135.26, 130.80, 130.11, 128.98, 128.41, 127.06, 125.38 (t, J

= 6.1 Hz), 121.15 (t, J = 244. 6Hz), 43.39 (t, J = 31.7 Hz). HRMS (EI) Calculated for C;4H,F,S (M)

250.0628, found 250.0633.

spaet
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(2, 2-difluoro-2-phenylethyl)(4-fluorophenyl)sulfane (4b). Colorless oil (11 mg, 44 %). 'H NMR
(400 MHz, CDCl;) 6 7.48 — 7.44 (m, 2H), 7.43 — 7.39 (m, 3H), 7.34 — 7.29 (m, 2H), 6.93 (t, /= 8.7
Hz, 2H), 3.50 (t, J = 14.3 Hz, 2H). '°F NMR (377 MHz, CDCl;) 6 -94.66 (t, J= 14.3 Hz), -113.97 — -
114.05 (m). *C NMR (151 MHz, CDCls) & 162.35 (d, J=249.1 Hz), 135.76 (t, J = 26.3 Hz), 134.06
(t,J=7.5Hz), 130.17 (d, J= 3.1 Hz),130.13 (t, /= 26.3 Hz) 128.42, 12537 (d, /= 21.1 Hz), 121.13
(d, J = 244.6 Hz), 116.14 (d, J = 22.6 Hz), 44.47 (d, J = 33.2 Hz). HRMS (EI) Calculated for

Ci4sH; 1 F3S (M") 268.0534, found 268.0533.

shash

4c

(4-chlorophenyl)(2, 2-difluoro-2-phenylethyl)sulfane (4¢). Colorless oil (11 mg, 47 %). 'H NMR
(600 MHz, CDCls) 8 7.46 — 7.44 (m, 2H), 7.42 — 7.38 (m, 3H), 7.24 — 7.22 (m, 2H), 7.21 — 7.18 (m,
2H), 3.51 (t, J= 14.3 Hz, 2H). °F NMR (565 MHz, CDCl;) & -94.67 (t, J = 14.3 Hz). 3C NMR (151
MHz, CDCls) & 135.66 (t, J = 27.1 Hz), 133.69, 133.31, 132.34, 130.19, 129.10, 128.45, 125.34 (t, J
= 6.1 Hz), 121.04 (t, J = 244.6 Hz), 43.61 (t, J = 244.6 Hz). HRMS (EI) Calculated for C;4H;,CIF,S

(M) 284.0238, found 284.0241.

SRRt
4d :
(2, 2-difluoro-2-phenylethyl)(4-iodophenyl)sulfane (4d). Colorless oil (14 mg, 39 %). 'H NMR

(600 MHz, CDCl3) & 7.56 — 7.53 (m, 2H), 7.46 (d, J= 7.1 Hz, 2H), 7.44 — 7.38 (m, 3H), 7.05 — 7.02
(m, 2H), 3.53 (t, J = 14.2 Hz, 2H). 19F NMR (565 MHz, CDCls) & -94.66 (t, J = 14.3 Hz). 3C NMR
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(151 MHz, CDCls) & 137.95, 135.30, 132.38, 130.20, 128.47, 125.32 (t, J = 6.3 Hz), 92.30, 43.17 (t,

J=131.7 Hz). HRMS (EI) Calculated for C;4HF>IS (M") 375.9594, found 375.9602.

oL

4e
(2, 2-difluoro-2-phenylethyl)(p-tolyl)sulfane (4¢). Colorless oil (14 mg, 53 %). '"H NMR (400 MHz,
CDCl;) 6 7.52 —7.46 (m, 2H), 7.45 —7.37 (m, 3H), 7.24 (d, J= 8.0 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H),
3.52 (t, J = 14.5 Hz, 2H), 2.31 (s, 3H). '°F NMR (377 MHz, CDCls) 4 -94.56 (t, J = 14.4 Hz). 13C
NMR (101 MHz, CDCls) ¢ 137.33, 135.96 (t, J = 26.1 Hz), 131.64, 131.55, 130.03, 129.74, 128.37,

125.39 (t, J = 6.1 Hz), 123.63, 121.21 (t, J = 242.2 Hz), 44.04 (t, J = 31.2 Hz), 21.04. HRMS (EI)

Calculated for C;sH4F,S (M") 264.0784, found 264.0781.

F

saa W

4f
(2, 2-difluoro-2-phenylethyl)(4-methoxyphenyl)sulfane (4f). Colorless oil (11 mg, 41 %). 'H
NMR (400 MHz, CDCl;) ¢ 7.52 — 7.35 (m, 5H), 7.32 — 7.27 (m, 2H), 6.84 — 6.71 (m, 2H), 3.78 (s,
3H), 3.46 (t, J = 14.5 Hz, 2H). '°F NMR (377 MHz, CDCl;) & -94.57 (t, J = 14.6 Hz). '*C NMR (101
MHz, CDCls) & 159.52, 136.00 (t, J = 26.2 Hz), 134.44, 130.01, 128.35, 125.66, 125.41 (t, J = 9.1
Hz), 123.70, 118.85 (t, J = 243.1 Hz), 55.34, 45.10 (t, J = 31.1 Hz). HRMS (EI) Calculated for

C,5H4F,0S (M*) 280.0733, found 280.0771.
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Shae
49

(2, 2-difluoro-2-phenylethyl)(2-fluorophenyl)sulfane (4g). Colorless oil (11 mg, 36 %). 'H NMR
(600 MHz, CDCl;) 8 7.51 — 7.46 (m, 2H), 7.46 — 7.37 (m, 3H), 7.36 — 7.33 (m, 1H), 7.25 — 7.21 (m,
1H), 7.09 — 7.00 (m, 2H), 3.58 (t, J = 14.2 Hz, 2H). '°F NMR (565 MHz, CDCl;) & -94.73 (t, J =
14.9 Hz), -108.04 — -108.80 (m). 3C NMR (151 MHz, CDCl3) 4 161.98 (d, J = 247.6 Hz), 134.02,
130.10 (t, J= 1.7 Hz), 129.68 (d, J = 8.2 Hz), 128.36, 125.31 (t, /= 6.4 Hz), 124.44 (d, /= 4.1 Hz),
121.63, 121.12, 115.76 (d, J = 22.6 Hz), 42.10 (d, J = 4.0 Hz). HRMS (EI) Calculated for C,4H;,F;S
(M*) 268.0534, found 268.0531.

oot

4h
(3-bromophenyl)(2, 2-difluoro-2-phenylethyl)sulfane (4h). Colorless oil (15 mg, 46 %). 'H NMR
(400 MHz, CDCl;) 8 7.48 — 7.45 (m, 2H), 7.43 — 7.37 (m, 4H), 7.32 — 7.30 (m, 1H), 7.25 — 7.21 (m,
1H), 7.09 (t, J = 7.9 Hz, 1H), 3.56 (t,J = 14.1 Hz, 2H). '°F NMR (377 MHz, CDCl3) 8 -94.62 (t, J =
14.1 Hz). BC NMR (151 MHz, CDCls) & 137.46, 135.51 (t, J = 25.6 Hz), 133.03, 130.28, 130.22,

130.07, 129.04, 128.45, 125.35 (t, J = 6.1 Hz), 122.65, 120.98 (t, J = 246.1 Hz), 43.11 (d, J=31.7
Hz). HRMS (EI) Calculated for C4H;;BrF,S (M*) 327.9733, found 327.9731.

©)<F/S\/\/\/\/

4i
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(2, 2-difluoro-2-phenylethyl)(octyl)sulfane (4i). Colorless oil (5 mg, 20 %). 'H NMR (400 MHz,
CDCl;) 6 7.54 — 7.48 (m, 2H), 7.44 — 7.43 (m, 3H), 3.15 (t, /= 14.6 Hz, 2H), 2.47 (t, /= 7.4 Hz, 2H),
1.54 — 1.48 (m, 2H), 1.36 — 1.26 (m, 6H), 1.23 (s, 4H), 0.88 (t, /= 6.9 Hz, 3H). I°F NMR (377 MHz,
CDCl3) 6 -94.37 (t, J = 14.6 Hz). 3C NMR (151 MHz, CDCl3) & 136.21 (t, J = 25.6 Hz), 129.99,
128.36, 125.36 (t, J = 6.1 Hz), 121.89 (t, J = 243.1 Hz), 40.11 (t, J = 31.7 Hz), 33.49, 31.81, 29.29,
29.15, 29.12, 28.70, 22.65, 14.11. HRMS (EI) Calculated for C;sHy4F,S (M) 286.1567, found

286.1560.
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5. Copies of NMR Spectra

Ly
880
06°0

9z’

0g'l

z¢’ FW

£E

LS~
ZL'l
fhE
S0
o0
g
E_&\u
sl
61

L5
&5t

L9
m.ﬂ_.w“v.

oL'L
m:\kf
9g'L
ozl
gL
el

LSW-10C-5ME

/]

—

——

3a

=

=

I €T¢€

Forat
F rot

F 60E

ooz

F oot

107

86’1

15 1.0 05 0.0

30 25 20

5

40 3.

11.5 10.5

12.5

S25



LO'LLL
LG'OL1-]
S6'9L1-1
€6'9L11
169411
06°9L1 1
6R°9L1
89°9L1
98'9L1 -+
PR'9LL-—F
Z8'9L1-
089214
8L'9L]
9L9L]
CLOLT-
AR TARE
1L9L1-
69°9L1 -
§9'9L1 -

L5W-10C-SME

-100
fl1 (ppm)

-120 -130 -140 -150 -160 -170 -180 -19%0 -200 -210

-110

-80 -%0

-70

-60

-40

-30

-20

-10

10

526



6071 —
10'1Z
m@_mmz/r
€8'7L
98'7Z
0Z'62
SE'67
Lb'62
C8'1€
S0'pE
T
Pl 6E
RE'6E

L o~
[§€6-"

08'6Z1~,
pLOEL =7
86'1€1 4
8L9g1

L5W-10C-5ME-C

10

20

30

40

L]

190 180 170 160 150 140 130 120 110 100 920 80 70 60
fl (ppm)

0o



RE'1

6E'1

1#'l

Al

£p'l

rl

Sl

9%l

Lp'1- T
6Pl T——

051 —=
151

Fy
oty

8T . . -

99']

Lol

80'] —

69'1 —

0Ll e

L1

Ao

Eil

L'l

et

9L'1 T

181

€8l

G8'l

L8 i

881

£€'Z

56'Z

L6'T

66'C

00°€

Z0°€ -

PO'E s

S0'€
T

2B

pL'E

EI'F

91 ¢

91 ¢

8¢

02

LEEd

GE'E
Lt

6 P

05+

75 7

297

€0t

014

z1t]

Hz
z't

%M..___u-

Br

3b

=I0re

- %E.m

ET0'e

—

= Foot

-“ F66'T
- - FL6'T

0.0

un

1.0

L]

2.0

L]

6.5

7.0

W

8.0

L]

9.0

Loy

11.0 105

11.5



4
ZlLLl-
[1'LLl-]
60'LLL
LO'LLL
90'LLL
PO'LLL
€0'LLL
Z0LLL
66'9L1
86'9L1-]
96'9L1
P6'9LL -
C69LL-
169L1 -
06'9L1-
88941
98941

894 -
18°9L [

L5W-TBR-5ME

-

Er

3b

-100
fl (ppm)

-120 -130 -140 -150 -160 -170 -180 -1%0 -200 -210

-110

-80  -90

70

-60

=200 30 -40

-10

10



LSW-TBR-SME-C — o o— A
o [~ 0O 0O [ragtsl T I s B =
g o1 O Ch [~ O W
el oro— on v enoenen od
— b o oh £ 6N o en 0 on
F
Br\N\/l\/s\©\
3b

| X T L T X T J T R T : T A T " T L T L T K T ] T ¥ | K T N T L T
190 180 170 160 150 140 130 120 110 100 920 80 70 60 40 30
fl (ppm)

Lh
(=]



8011
801
01l
oL
Pl
Pl
Sl
91
91
L
L
81
6l
0zl
zT'l
€Tl
A
9Z'1
9Z'1
821
8Tl
09'1
€91
59l
L9l
89'1
89'1
89'1
89'1
69'1
69'1
0Ll
0Ll
0Ll
9L'1
LLl
LLl
i
8Ll
6Ll
6L
€8'1 4
vE'Z
TRE
Z1ed
plLed
S1'e
cled
S1'e
€€t
PE 't
Lb ']
de
2L
L
'8Z L1
2L

i et I SR L i

heL!

EO0'T

oot

ER6'T
EPO'L

12.0 11

LE]

1.0

_\|m

2.0

L]

3.0

LE]

4.0

_—1“

un

_\m
i

6.0
(ppm)

i

7.0

_—1“

8.0

_\|m

11.0 105 10,0 95 9.0

5



€LPSL
6981
89811
99 g1 --
SO'PRL|
b g1 -
19'p8 1
09'F81-
LS P81~

98 k811
€S pRL--

-12-01

L2015

F
x(?.\,r)\/S

3c

-160

-80 -9%0 -100 -110 -120 -130 -140 -150 -170 -180 -1%0 -200 -210
fl (ppm)

70

-60

=200 -30 -40

-10

10



S0'1Z7
1L'ST
96'ST
1292
b6 oZf
8692

GFSh~
FO96-"

6L6TL,
POEL -
crzeld
89'9¢1~"

LEW-CY-ENE-SME

F
Cy/J\’S

3c

10

20

30

40

LE ]

190 180 170 160 150 140 130 120 110 100 920 80 70 60
fl (ppm)

200



334
Fa'd
56T
96'T
66'C
Zher

19'p
€9'p
b’
b9’
SO’k
SLy
9L'b-
9L’y
L

00'Ly
Z0'L
[1'LA
m__._f_
S1'LA
91 'L~
91'L]
814
61L
0Z L
12t
22 L1
A

T

L5W-3PH-EME-SME

Ph

ER0'e

Fste

Foot

10T
Frre

LE ]

1.0

_—1“

2.0

_\|m

LE ]

4.0

un

i

_\m
)

6.5 6.0
f1 (ppm)

7.0

7.5

8.0

_—1“

9.0

i

10.5

11.5

12.5



0£'SLL™
£2 5Ll
€2'SLL
ZZ'SLL-
0Z'SL11
81'§L11
91'§L11
91'§LL-
ARTARS
ARTACE
0L'SLL-—¢
60'SL1-4
LO'SLL-)
SO'SLL-
PO'SLL-
AIRTARS
Z0'sL1~
66'PLL-
L6PLL-]
L6bLL
26 L]

L5W-3PH-EME-SME

Fh

3d

A

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



enlE—

GT8E-
GF'8E
w0°0F
6g0F

08 6~
SSEL~T

6L'9T14
CS'REL
£5°6L1
LEN A
6L 0ET~F
£Lel
m_m_cmf%
aF'9el

769614

L5W-3PH-EME-SME

F
ph._L._s

3d

R,

ST

10

20

30

40

L]

190 180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

200



€227

66'71

L0€

£0°E

f0'€ 1

F0'€

SO'EA

L0°E

60'€

ZLe

PLEd o _

91'¢

91€

L1€

8¢ T

0Z'€~% e

8Z'¢ P

ne's

ce't

ce't

FE'E
£
2

FEE
Qg'E
3E'E
6F'E
05'E
£ES'E
FEES
95
LSET
65'E
[9°E
L8 e

L8t T

€6 =

£6'p e
86 —
00°L
LI'L
6l'L
'L
62'L
0L
[£'L]
£€'L
SE'L]
0F'L1
0F'L]
Lb'L]
ThL
R9'L-
0L'L]
LLL
RL'LA
GLLA
B6'L-
6L

0L

Erore

Foort

P61
hT
at

96'1
w10
w,_r%.:

96°0

0.0

L]

_\|m

8.0

_\um

9.0

i

10.5

11.5

12.5



€0'EL1T
86'ZL11
96'ZL11
P6'TLL
16'TLL
06'2LL
68'TLL
98'ZL1 -
98'ZL1 -
S RAAE
Z8'zLl -
[8'2L1
8L'TLL-
9L'ZLL]

e

IRARRE
69'ZL1-

LEW-05-06B

Je

-70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
fl (ppm)

-60

-30 -40

-20

-10



20—

9g'LE
LFLE
(8'8E
E0GE

EF 1o~
GleEa="

P9'ETL
LYzl
p9'STL
£1'9¢1
69'LT1
z6'Lel
98'8T 1L
LB'6T1%
coocL
911
90'ZE 1
Lzl
9L'ZEL
P6EEL
16'9€1

L5686

Je

] I L

i P

|

T,

10

20

30

40

LLy]

180 170 160 150 140 130 120 110 100 920 80 70 60
fl (ppm)

90



#2'1
72’1
5214
9214
9Z'11
9Z'11
t2'14
LT
81
8Z'1

621
0£'1
ng’
g
LE'
8¢
6E"
6E'1
0F'1
L1
95'1
70z
€07
€07
#0'7
c0'7
c0'7
90'Z
80'7
60'Z
60'7
01'Z1
01'g
G
1124
2121
ZLa

et ol il

A

€121
€T
€T
SO'€
SO'€
90'€
LO'E
80
62
0€ -
0 b1
L€ 'F-
LE b
8E b1
8E b
GE b1
R0'LA
0L
2L

£l
EL-

A JMLAL

Bi

I

Fooy
FeeT
Fstz
E60'E

=001

Foort

=I0'T
ooz

11.0  10.

0.

0.0

L]

1.0

i

20

LE ]

30

un

4.0

_\um

Wi

' g,
' 4] ,m
=

6.0

o)

7.0

_\|m

8.0

_\|m

10,0 95 9.0

5

11.5



[S'0LL
05 0LL-
0§'0LL-
6F'0LL-
6r'0LL-
LEOLL-

LEWH-C¥-FE)

-100
fl (ppm)

-120 -130 -140 -150 -160 -170 -180 -1%0 -200 -210

-110

-80  -90

70

-60

=200 30 -40

-10

10



FlZo~
Oa'Ea~"

b9'6Z1
66'6Z1

ILEEl
SOLEl~"

LSW-H-CY-5ME-C

10

20

30

40

L]

190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

200



9214
PE'L 1
F 1
£F 1
1
St
9F 11
LF' 1
8Fl
6F’ [
0s°1

Zs'l
£5'L
ps'l
95’1
LS'1
8S'1
65’1
1914
z9'l
€9'1
po°L-
S9'l
99'1
99'L
L9'l
89’
69'1
0Ll
pLl
oLl
LL'l
8L'1
8L'1
6Ll
08'1
S6
96°
L6’
86
86
66'11
00°Z1
102
2071
2021
€071
P0Z]
$0°Z1
€€
651
1L
0L'L]
ZlL

9z

— o o

~£F'F
s
Feog
E'E

eI

Foort

=(0'T
LI

fl (ppm)

13 12 11 10

14

s

16



L6851
16'8S 11
688511
98'8S 11
€8]G -
6L'8S 11
8L RS+
LRS-
69°8S 1|
99'8G | -4
99'86 1 -4
£9'86 1~
Z9'8S 1~
29'861 -
19'8S 1~
$5'8S1-
S RS 1~
£5'85 14
zs'8s1--

LEW-H-XIN-5ME

ig

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



LB'S6~
Z5'L6~"

59621~
OLLEL—
zzssls
SELEL

LSW-H-XIN-5ME

F

3g

10

20

30

40

o

190 180 170 160 150 140 130 120 110 100 90 30 70 60
f1 (ppm)

0o



3h

|

Roro
LU'b
wmc.w

=I0'E

=001

B0l

=TT
=10T

LEy]

fl (ppm)

13 12 11 10

14



657811
9p'Z81 1
ShZ81-1
£P'7811
ZP'Z81
1b'Z81
0F'Z81--
6£'781-
Lez8l-4
LEZ81-
XA
ze'z81-

-

[£'Z81-
8Z'Z81-

LEW4-XIN-F-5ME

3h

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



FFrE~
BL96-"

0L'6Z1~
1€~
067614
PELEL"

LEW4-XIN-SME-C

3h

I
ke ik o rePENDy B Al de o n e FREETE TR r W TR ] —ll‘l— S ok e b i el i k. il

10

20

30

40

TS

180 170 160 150 140 130 120 110 100 920 80 70 60
fl (ppm)

190



Q

|

Ak

FST'T
Fsoy

EET'E

[erz

50T
Frot

e
0T
0
Foot

L ]

fl (ppm)

13 12 11 10

14

u



LP'LLL
Op'LLL-]
6€'LLL
SE'LLL-
LELLL
9E"LLL
SE'LLL
€€'LLL
6Z'LLL
ST'LLLA
SZ'LLL-f
PZ'LLL-
£Z'LLL-
0Z'LLL-
61'LLL-
CINTARE
Sl'LL]~
Z1'LLl
ARTARE
01'LLl
80°LLL-
LOLLL
SO'LLL
£0'LLL
Z0'LLL
LEOLL
PHOLL

LEW-05-04B

2i

JL

-100
fl (ppm)

-120 -130 -140 -150 -160 -170 -180 -1%0 -200 -210

-110

-80  -90

70

-60

=200 30 -40

-10

10



89—

5 lo~
PZE6~"

Al
@w._mm_/
E.E..__/
o [
__pm.mm%
veEeL
E.Mﬁ\.
26'9€1

Qg9 —

1 sw-05-4b

g

i

=1

10

20

30

40

i

180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

190



8F'l
08’1
Zs'l
£5'l
56°1
6571
091
191
o'l
9L
LLL
L'l
EL’l
FL'l
SL1
gL'l
gL'l
"Ll
6Ll
081
081
L81
EEg
96'C
Lo'e
66'g
LOE
cOe
FO'E
SOE
[1E
El'E
SLE
SLE
LL'E
LL'E
6l'E
0Z'€
"'y
6e'F
LE'F
sy
0594
0s'g
0594
0594
LS99
0rLd
1L
a1'Lq
LI
9g L
9g L
6g L]
LELA

5L
5L

s L

3

o]

AL

Lol
w1
€'y

EET'E

EI1'T

Fsor1

=001

FS0'T
MS;

%07
B oot

0.0

_\um

1.0

_\um

2.0

i

30

L]

4.0

L]

Wi

_\um
L]

6.0
fl (ppm)

L]

6.

7.0

i

8.0

s

9.0

LE]

10.5

11.5



Ob'LLL
SP'LLL
€P'LLL
ThLLL
Th'LLL
Lb'LLl]
Ob'LLL
6'LLL
RE'LLL
RE'LLLA
SE'LLL-
LE'LLls

0E'LLL-
LT LLL

9z'LLL

ST'LLL

ZTLLL

1Z'LL1]
R1'LLL
LULLL
plLLL-
ARTAR
AUTAR
OL'LLL-
60'LLL~
R0'LLL-
SO'LLL~
PO'LLL~
00'LLL~
86'0L] -

Sa'9LL-

LEW0-SME

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



L9¥9—

08 16~
ZT'en~"

08 11L—
ERLIL—

SR'GZL~,
08'0£1 -7
EL1ET

€691
SLPPL~
SZT'opl~"

L8RSl —

LEW0-SME-C

_—

10

20

30

40

u

130 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

190



O

=01

=€6°T |

0.0

5

11.5 10.5

12.5

fl (ppm)



29'LLL™
Z9'LLL
19'LL1
09'LL1
65'LLL
8S'LLL
LS'LLL
LS LLL
95'LLL
SS'LLL
pS'LLL

—

£S'LLL-
Z5'LLL-
1s'LLls
1S'LLl-
0§'LLL-
6v'LLL-
Ly'LLL-
OF'LLL-
ShLLL
one
hLLL-
Zb'LLl
Lb'LLl]
Op'LLl
GELLT™
SE'LLL
08" LL1
et
ZE'LL1
L€'LL]
0€'LL1
67'LLL-
87'LL1
LT'LLL
bZ'LL1
€Z'LL1

coLLl--

LEW-25-STOL

.

3k

Se-g

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



[90g
SL0E
G0FE-F
NG.WM.\.
(S8
FOGE
6l'6E
FC0F

GE9E—

S0°1E
BC¥T
LE+T
OLFE
BL8E
\

CEE9—

e il bk

ESTL6~
R9ZH"

68'6Z1~
PROEL -7
65'1€1

[0Lel~

LPeELl—

LEW-25-STOL

S-g

Ll b sl [ I | 7] WY S e W 1] B liedl o o e, |||.|l. L 8l T P A TRl [ 11 PrR TN alk ~ L ITEeT

ik

|

el ™

bkl s

10

20

30

40

LE ]

190 180 170 160 150 140 130 120 110 100 920 80 70 60
fl (ppm)

100



95’11
80°Z
60
012
112
£l
k4 |
022
2zt
928 T~
E.NW
62
1£Z

66'g e

[0°E
€0'E
F0E
F0E
S0

L'E Te—

60'e
Bl
al'e
€
e
ECE
ECE
CT'E
L'
LEy
BEP
6E'y

OF't —

0FF
s
b
(b
b
b
R
6b'p
0L
1L
78
€8
S0'L]
L0t
vzt
R7'L]
0]
GE'L]
b
chL]
£6'L
G5
G L
B6'L
B6'L-

3

EzO

..M Fooz |
Foort t

66°1

FEI'T

EL6'l

mww.m.ﬁ L

B0 |

_\u.._

1.0

u

5 30 25

4.0 3.

4.5

Wi

_\u.._
L1 ]

6.0

7.0 a.5
f1 (ppm)

u

2.0

i

10.5

11.5

12.5



8b'6LL
A TARE
6E6LL
66 °6LL
SE6LL-Y
SE6LL
[E£'6LL-
0E'6L1
LT'6L1-
9Z'6L1
zz'6L1
ZZ'6L1]

b

IANTARE
€1'6L1-

LEW-0BZ-5ME

BzO

3

60

-200 -30 -40 50 -70 -80 -90 -l00 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
fl (ppm)

-10

10



FL09
hn___m..o@UT

EL'BR~
O 06-"

LE'BTL
096214
06’6l
"00EL
Sl

FZ1El
Zoeel
slLEl

Le Q] =

LEW-0BZ-5MEC

Bz

3l

30 20 10

40

180 170 160 150 140 130 120 110 100 20 30 70 60
fl (ppm)

190



BF'1
0514 E
0511
_.m_.. W
mm_: ot
551
LS’ -
851
09l )
T o B Frez - 2

291 e ooy

8914 -
691 -
0Ll ",
1Ll
LL'] -
2Ll - ﬂ TE P
€Ll
¢L'l L
oL'l
{4
8L'1-
641 "
081 i Foor [ -
181 w
Ze'T )
C6'T i
06'Z -
BG'E o
66'C
Log I
€0'E
FO'E i
e e
€1'E
Cl'E L "
cle — = F66'l
9l'e o0 o st Wi
LIE e
61'€
0z'¢ 3
0Z'F
L2 iy
€7 1
6F 1
05 '+
05 '+
= s
751
29t
29t
£9't4
SORE -
01
ANE
T
bT'L
dEL-

0.0

1.0

2.0

3.0

. - EU0T

2n
0

MsQ

7.0 6.0

3.0

9.0

9.5

10.0

5

11.0  10.

11.5

fl (ppm



SELLL=y
\TARE
62 LLL
97 'LLL-
CT'LLL-
A NARE
ZTLL1A
0Z'LLL-
91'LLL-~$
€1LLl-4
ARTARE
60'LLL-
80'LLL-
LO'LLL
CANTARE
£0'LL1-
66941~

LEW-05-6E

Ms(

3n

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



Gl'eg

BE'G9—

HEl6~
area-"

06'6Z 1~
CRNEL-F
L9'1€1

[0Lel~

LSW-6E

MsO

3n

10

20

30

40

L]

180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

190



851 -
99" 1
L9'1
89' 1
9@._.._
0411
1L
BT
TRR
SL'1-
L1

el
6L'1
it
08'1
[8']
z8'l
€8’
PRl
G8'l
262
Sh'Z
682
167
€67
6T
96'C
86'
66'C
LO'E
80'€
g
A
ZLg
L€
91'€
00'F
L0
€0'p
€0'p
0P
S0P
90"
LO'P
Ch'
b
95
LS
0L'L]
21'L]
97"t
97"t
L7
67'L
6L
ey

QL'

Bl L

TsO

3o

Forz

Foot

¥ 90T

ot

o0

F1oT |

0.0

u

1.0

L]

5 30 25 20

40 3.

4.5

u
u

_\u.._

8.0

_\m

2.0

_\m

10.5

11.5

12.5



ATARS
RT'RLL-1
ST TARE
IRACTARE
9Z'SLL-1
A TARE
AACTARE
0Z'8L1
R1'RLLY
L1'SLL-
£1'8LL--
Z1'SLL-
[1'8L1-
60'SLL-

S0'SLL-

LO'SLL-

90'8L1
ETARE
€0'SLL
66'LLL
96'LL1-
S6LLL
€6'LLL
16°LLL~
06'LLL
98'LLL
98" LLL
P8 LLL
€8 LLL
Z8'LLL

—

LEW-0TS-5ME

TsQ

3o

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



z0'le
E_EW
29've
99'¢Z
6662
0z'0¢

BEOH—

G606~
[L'E6-"

LR FA
BE'6T P/
L6'6g ﬁk
680l —F
6F'le _.%
[TEET
BOLEL
C8FFl—

LEW-0TS-5MEC

TsQ

3o

R
T

o

10

20

30

40

TS

190 180 170 160 150 140 130 120 110 100 920 30 70 60
fl (ppm)

200



9514
ZL'1A
gL
FL1A
SL'A
Sy
tL1
8L'11
6L'11

08l
L8]
c8'l
FE'l
FEl
98’1
"8l
68’1
La'l
Z6'l
£6'l
£a'l
Fa'l
S6'l
96’1
LEC
e
e’

£

&

NG

3p

Ak

oot

Fsoz
g

0.0 -0.5

5

7.5 7.0 635

8.0

LE ]

_\|m

10.5

11.5

12.5



p6LLL
€6'LLL
€6'LLL
L6°LLL
16'LLL
06'LL1
06'LLL
68'LLL
68'LLL
LR'LLL
PRILLL-
€8'LLL

—

[8LLL-
08'LLL-
GLLLL-
BLLLL-
SLLLL-
FLLLL-
ELLLL-
OLLLL-
mn____u__u_.-;
GLLL-
99 Ll
SOLLl-
FOLLL
L9 LLT=7
LELLL
9G'LLL-
SSLLL
ES'LLL
CSLLL
6F'LLL
BpLLL-
GF LLL"
R LLL
P ALl
P ALl
CF Ll

[FLEL--

L& 5—-CH-5ME

2p

NC

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



0606~
£9°T6-"

DTE L=

96'6E 1~
ZO'1EL
8Z'1€1
PZLELY

LEW-CN-SME-C

3p

NG

10

20

30

40

L0y

190 180 170 160 150 140 130 120 110 100 90 30 70 60
fl (ppm)

200



£EE'lq
0E'11
BE'1A
6E'11
OF 11
F1A
£F 1
SF1A
8F' 11
6F 11

0511
1S'1
Zs'l
95|
LS'l
6S'l
19'1
€9'l
99'1
L'l
69'1
0L'l
TEt
L'l
BT
pLl
SL'l
9L'1
z€'e
$6°
L6
66'C
00°€
o€
£0'€
SO'€
e
gle
pLE
SLE]
91'€1
91'€1
81€7
0Z'€-
P e
STE
LTE
6t
051
zS'p]
291
291
0L'L]
2L
9Z'L1

97 L1

“.mm L4

m_mm___u-

M.

3q

FITF
Fsor
=g

L
Wmc.ﬂ

Foo't

=507
80T

fl (ppm)

13 12 11 10

14

L]



SLLLL
01'LLL-
60'LLL
LOLLL
SO'LLL
PO'LLL
Z0'LLL
L0°LLL-
00'LLL-
L6'9LL
96'9L1-]
P6OLL
26941
L6'9LL-
06'9L1
889411
LS9LL
RAR
€8'9L1
6L9L1-

LEW-N5-5ME

-

N

3q

60

-200 -30 -40 50 -70 -80 -90 -l00 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
fl (ppm)

-10

10



10'1Z
M._Eﬂﬁ,/
LY T\
Op'97—
69'82+"
GLEE
00'FE
S0'6E
a_&%

LE'LS—

9816~
BT EA-T

X TARY
08'0E1 -7
08'1£1

16981

LSW-N3-SME-C

N3

3q

10

20

30

40

LE]

180 170 160 150 140 130 120 110 100 920 80 70 60
f1 (ppm)

190



Ze'ly
el
ge _._
LE'TT
0F' 1+
F 1T
£F 1
SPl g —

151 B
z9'l
€9'1

co 14 .
£9'14

69'1

1]

ZL'l /J
il

le'e —
P6'T

62

LGE

86'C

00'e ,.r/)

c0E

FO'E v

B0'E s
oL w

AR%

gl e

E1ES

FlET

=
o1'¢ © ©
LiES

m_.,“_m.. |

_E__m- F||J
89°¢ —
L'
' —
0S't — o
09'F
09'F
60'L
1L
97 'L
9711
87"t
0L
69'L
0Lt
LA
ZL'td
€Lt
1841
€811
8 L
'L
gL

i,
e

Ta.ﬂ
Fog'1

0T
mmm.ﬁ

0.0

e

1.0

LEy]

2.0

LEg]

3.0

_\|m

u

8.0

_\m

1.0 105 100 95 90

11.5



9Z'LLL
9Z'LLL]
ST'LLL
AAATARE
61 LLLT
S1LLL
bl LLL
ANTARS
01 LLL
60 LLL
90 LLL--F
POLLL-
Z0'LLL-
10'LLL-
66'9L1"
96'9L1-
TXTARE
P6OLL-]
€6'9L1
16'0L]-
68901
§8'9L1--
€R9L1-
08'9L1-
6L9LL-

LEW-N-SME

3r

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



2012
SayAl
bHTA-
09'9Z~,
87—
£8°€E
AR
98'LE-F
LO'6E
1€ agd

RS TG~
QE'Es~

61'€T1
Nx_a:/
L8'0EL
€8'1E1AE
81'ZE1-F
%_mﬁ%
FR'OE]

£ ROl —

LEW-N-SME-C

3r

10

20

30

40

LEy]

190 180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

0o



PE7
867
90°€
80°€
oL’

69t
cm.mW

CRE

b

ﬁi@.
Ly
S5t
LSt
8S b
RS
85 b
65t
19"

SL'9
mc_ﬁ/
PO,
81'L~,
2L

i ek

LSW-05-04D

LN

U

o

FET'T

TE._“. I

=8'E

FLUE |

=11

Foort

0.0

LL]

1.0

2.0

u

3.0

_—1.._

4.0

_\m

7.0

LE ]

8.0

u

10.0

5

11.0 10.

1.5



BELLT
slLLl~
L1LLL-
Pl LLL
£1°LLL-
Z1'LLl"
60'LLL
LO'LLL
SO'LLL-
POLLL-—F
10°LLl-4
00'LL1-]
66'9L1
LEOLL-
PRRSTARS
LETARE
26941
1691 -
98'9L 1 -

LEW-05-04D

A

3

Med

3s

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



€0'1Z
19'12
E._NW
0162~
SLEE
Sh'EE -
80'6E
L€'6E

QLSS —

BI'RY9—

L9716~
EEEG

89 P11~
SECiL~"

GR'6Z1~,
6L0E1~7
mx_:ix
880c1+"

81'ES ]~
08'Es1~"

LEW-05-4D

s

IeQ

s

10

20

30

40

i

180 170 160 150 140 130 120 110 100 o0 80 70 60
fl (ppm)

190



Sl
9§11
9511
L§'11
6511
09'1+
29'14

£9° 1
F9'L
991
L9'1
291
oLl
EL'L
FL'l
SL'1
gL'l
aL'l
L'l
"Ll
081
L81
C8'l
£8'L
FEL
98l
cEg
LG
HG6'C
a0e
O
e0E
SOE
a0e
ElE
FLE
LI'E
SLE
3lE
0Z'E
CeE]
LG'ET
66'E
00y
£8P
NS
SS'FT
S9'%
99'%1
0691
£6'91
0L
Ll
9% L
62 LA
oL £
g5 L1

e L

J

p Ol
90°1
0k

Fioe

Fsoz

Foot

Feoz
Egorg
Fopg
Froz

0.0

i

1.0

_—1_

u

3.0

LEy]

9.0

u

10.5

11.5

12.5

fl (ppm)



2T LLL"
81'LLL
L1kt
PLLLL
€1LLL
ANTAGE
60'LLL

L6941~
96'941-
S6'9L1-
26'9L1-

[69L] -
L TAR

LEW-8D-CN

MNC

3t

-100
fl (ppm)

-120 -130 -140 -150 -160 -170 -180 -1%0 -200 -210

-110

-80  -90

70

-60

=200 30 -40

-10

10



€0'1Z
m.m._%
9512
[L'82~
Gy e
GLEE

00°6E
m..m._mm..v.

[O89—

S 16~
FZEa~"

98'€01 —
6LSLL—
ST61L—
LR'6T1,

9L DE L~k
€L'1E TM

HG'EE]
56'9¢€ 1__1

QEZ91—

LSW-35D

NG

10

20

30

40

i

190 180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

200



$§'11
511
£§'11
8511
091+
€9'11
dot.
99'1
L5
89’
69'1
L'l
el
L'l
9L’
Ll
Ll
8L
08'1
08'1
8l
€8l
PRl
8l
98’1
98’
81
L6'T
66
LO'E
Z0'€
€0'c
SO'E
L0'E
e
¢L'E
LLE
LL'E
R1'E
6L'E
oz'e]
ARR
L0
0
S0
E;
95
99't
969
8601
0red
1L
ozt
5zt
e
8L
8L

LA

=

A

pE0T
-E0'T
o1'%

Fere

F80rg

Feot

€0’ T
Faog
S (1

o L

EFool

0.0

5

1.0 0.

1.5

2.0

5 30 25

40 3.

4.5

L]

LEy]
u

10.5

11.5

12.5



RATFARE
91'LLL
SL'LLL-
ANTARE
1Ll
OL'LLLT
LO'LLL"
90'LLL
C0'LLL-
Z0'LLL-—}
ATARE
86'0L1-
L6'9LL
G6'9L1~
6941
€6'9LL-
06'9L1-
63941 -
S8'9LL-

LEW-8E-CHO

O

aHC

3u

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



L0°89—

FS e~
9z'e6~"

BLFIL—

LR6T1
16621
LLOEL-F
oy
E_mmrﬁa
P6'9g |

60'FIL—

sL0al—

LSW-2E

! 5

3u

OHC- @ O .

10

20

30

40

u

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

210



G581
LS
6519
L9
99'1 4
L9914
891

69'1
0L'1
€L
pL'1
GL'l
9L'1
LL1
8L'1
6L'1
L@l
[8'1
z8'1
€8'1
P81
P81
68l
98'1
L8'1
881
L6'T
66'Z
LO'E
Zo's
€0'E
SO'E
LO'E
EIR
GL'E
LIE
(LR
61'E
61°E
1Z'€
22E
Z0'v
b0’
SO'p
€6t
S
06 't
99't1
169
£6'9
01t
ANE
9z L1
9z 'L
62 L

BE LT

18

(=5}

T

o]

0N

v

Fsorg

Foort

907
Pz
Fe0z

ooz

un

1.0

_\|m

2.0

L]

3.0

LL]

4.0

L]

i

_\m
Loy

_\um

8.0

un

9.0

LE ]

11.0 10.5

11.5

12.5



66'9L1--
96941
96'941-
LOETARS
16941

L.

06'9L1 -
98'9£1 -

LEW-8F-M02

05N

v

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



€0'1Z
mm.aw
§5'1Z
0L'8Z~,
ESEE
HLEE
66'8€
ZT'6E

BFR9—

LS 16~
£ETE6~

LFPLL—

Z6'STL~
LR'GEL~,
0L 0L
LL1EL

L69g1+
At

0ol —

LSW-8F

S

QsN

3v

10

20

30

40

Loy ]

190 180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

100



L84

F srz
Fyrer
o OTE
% gog
- GT%

HI b1 Th

F oot

ol ] 4
= €0

0.0

LE]

1.0

Loy ]

2.0

i

3.0

_\|m

u

3.0

LE ]

9.0

_\|m

11.0  10.5

11.5



0€'LLL
9T'LLL~
ATACY
22 LLl
FATARE
0Z'LL1-1
ANTARS
91 LLL~A
CLLLL |
ZULLL-—F
60'LLL-
80'LL1-]
LOLLLS
SoLLl-
PO LLL=-
Z0'tLl-
00°LL1-
66'9L]
S6'9L1-

L84

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



pLgEd
E\_ﬂ_dﬁ
S0'6E
1268 \
Q.i
Z0'aF

G9ED—

L6~
1

SEYTARN
LLOEL-F
SL1El

68°9E1~

G68'1LL—

L5W-8B-JIN

10

20

30

40

LEy]

180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

190



160
Al
8’1
1S'
£5'1
Pl
AL |
51
09'1
09'T
Z9'1-
59’
99'
SL'l
ge't
LL'l
6L'1
08'L
23:1
Z8'l
Tl
S6'1-
L6'1
20T
P0'Z
50T
012
1
Pl
L1
8671
L¥T
67T
287
75T
L8T
88'C
06
LOE
16'€
£6'E
P6'E
£9'01
79°91
89'91
69'9
191
R
8L
0Z'L]
1Z'L]
£T'L]
9Z'L]
87'L1
0L
Z€'L7
SE 'L

L

SPh

01
0T
rre

wre

5 00

1.0 0.

1.5

2.0

5 30 25

4.0 3.

4.5

u

_\m
L]

u

7.0

u

_\u.._

9.0

L]

10.5

11.5

12.5

fl (ppm)



90°LLL
Z0'LLL
L0'LLL
66'9L11
L6'9L1
96'9L 11
€6'9L1 A
L6'9L1
68'9L1-
R8'OLL-—F
SERTARE
R TARE
Z89LL "
(99414
08'9L1-
CTACTARE
STRTARE w
5L9L1
0L'0L1-

SPh

LSW-8C

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



s o
E_EW
L9'12Z
$6'ST~
8697
E_g&w
89'6Z
19'1€
ZR'CE
o6'seql
0F'se4r
96 '8E bw
00k
bO'SE
£F'0S

6 LI—

P8 16~
8676

ZLell—
LSFLL—

pEoz
09'9Z1
80'671 ~
06'621 77
10°Z€1
mu_m..%

SLLEl

CO'LSl—

LSW-CI

.

SPh

ok

e

10

20

30

40

L]

180 170 160 150 140 130 120 110 100 20 80 70 60
f1 (ppm)

190



3y

QBn

Fsororf
E Sop|

wm £0'EL

90°T

47

abf

817

Bl

001y

£EI'T

LAy

b

E pe0|

S6'1

- 00'g|

H.eﬂ.v.cﬂ

SET
rALnes

9670)|

1.0 0.5 0.0

1.5

u

il (ppm)

7.0 6.

75

8.0

8.5

u

11.5 10.5

12.5



SO'LLL™
PO'LLL
Z0'LLL
0Ll
00'LLL
66'9L11
86941
L6'9LL
96'9L1
96'DLL
NCTARE §
E_m_t-“ﬁ
Z6'9LL-

L6941
68941
88941
IEXTARE
98'9L1
P89LL
€801
£8°9L1-
1891~
08'9L1-

LEW-TANG

3y

OBn

-160

-80 -9%0 -100 -110 -120 -130 -140 -150 -170 -180 -1%0 -200 -210
fl (ppm)

70

-60

=200 -30 -40

-10

10



POl
[B'FEq
FRFE
B8R
068
L1162
L1'6E
E0FE
LL'FE
Qe
Fl6E
GC6E

18S9
BRTL
ELEL

9SEL
FESL
ATAN

e N S

OBn

96'0L)
66'8L
ZL'18
LG8~
1026~
s1e6

"8LT1
LLLE 1A
LLLT1A
S8'LELT
68'LT 1A
EGLT1A
Lo'LT1A
FO'SE [

HRET
eP'8Ll
SERIL
SPRIL
£8'6C1
LLoet
co'lel
6L'9EL
LOLEL
FELEL
FO'REL
FO'REL

T

ETELL—

LEW-TANG

30 20 10

40

170 160 150 140 130 120 110 100 20 80 70 60
fl (ppm)

180



Ak

AR

e

€0z |
A6

EO00L |

f1 (ppm)



9F'LLL"T
S'LLL
SP'LLL
PPLLL
OF'LLL
LE'LLL
9€'LLL
SE'LLL
€€'LLL
ze'LLL
LELL e
0€'LLL]

RTLLL
LTLLL

STLLL-

PZLLL

CTLLL-

ZTLLL

ATARE
61LLl-]
ARTAR
LULLL-
plecl-]
ZULLL-
R
OL'LLL~
60°LLL-
LOLLL
90" LLL-
POLLL
LO'LLL

O0LLl--

LEW-05-TA

-130

0 -160 -170 -180 -190 -200 -210

-15

-140

80 %0 -100 -110 -120
f1 (ppm)

70

=20 -30 -40

-10



RE'BL~

INNS
em._mw
EE'[E

zzszd
epee-T
poged
g.xm&
LL'6E

TSk

015

90—

P16~
Flea="

be 9217
FRO9C1
FO'8RT1
SR'6ll
EL0EL
SR0E]
LPLEL
ESIEL
[81€1
[GEZEL
ETEEL
sL9el
989¢1
Fo'LEL
Feorl
x__u_mw._.._

68'ELl—

og'lal—

-
in

LW-

.

|

M

I

10

20

30

40

i

200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60

210

fl (ppm)



08'0
880
060
9z'1
0¢'1
se'l
Le'l
651
T
vl
cH'l-
o'l
'l
05'1
Ls'l
591
Lol
89'1
0Ll
L'l
R
Ll
€Ll
pe'l
SL'l
cL'l
i
L0
c0'
S0'€
00'€
80°€
0L
s
e
o'
81
e
07’
071
z7
Pz
76'h
pS'
55’
pO'p
99'p-
L9'b]
61'L1
12t
7L
07'L]
07'L]
LT
62'L1
B

2E'LA

%M.__p-

/)

Jaa

L —

ik

B BEE

Feen
F g2

| ootz

F so1

o 001
.M 66'T
Fo'l

0.0

s

1.0

L]

2.0

uy

L]

10.5

11.5

_\u.._

f1 (ppm)



68'9L1"1
R TARE
£8'9L11
EXTARE
6L9LL
LLOLL
LLILL-
SLOLL
€L9LL
RRTARS
0L'9L1-4
99'9¢ -
S TARE
29941
65'9L1-
CISGTARE

k

ASCTARE
£'9L1-

LEW-10C-5PH

Jaa

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



EL 16~
SFe6-"

(BT
c06tl-7
BE'6T T\.
aLsel—

LW 10C-5PH-C

laa

L

10

20

30

40

Ly

180 170 160 150 140 130 120 110 100 90 80 70 60

190

fl (ppm)



980+ -
8801 I
06'01
9Z'11 _
0£' 14 .
SN
LE T _
[+ 0
£F'1 -
S Ak
9% 4 I
LET |
£9°1
§9'1
GO 4 e == B GTEL —~
99'[ g T Tl

£9'1 - |IM p LIt

69°1 ks
)
0L'1
zL'l ~ w sa& [ i170 ™
Pl .
96'7
L6'T
662 e § = F 001
00'¢
Nij3
o -
#0'E
90°'¢
LO'E I

al'e |M EF otk —
F oz

Jab
T
6

I

g
g I
&lE -]
€1
GL'g
91'E L o
L¥F
8F '
05 1 i
1S i
09"
9%
€9 s
86'04 =
001 =~
Z0°L] 0
20'LT =
9711

9Z'L1
6L L
6L
0L
OF'L] o M8
dt i
2PL

10

14

fl (ppm)



OLATARE
SE'LLL-
98 LLL1
SELLL
bELLL
Ee L] =1
0€'LLL1
8T'LLL
ST LLL-—F
£z'LLl
AAINARE
L1LLL
91'LLL~]
ST LLl]
01'LLl-]
60°'LL1-
SO'LLL-

8FLL-

SRFLL-
FR¥LL-
L

ZRFLL-d

LEW-10C-54F

dab

L,

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



80Pl —
b9'2Z 1

28|
9872\

8l'6Z
m..m.m_NW
OF'6E-
ER'LE
mc.#mwﬂ

ST FE
GLGES

£0'0t

|J

TL 16~
Frea="

£091L
ST9LL

99'0gl

98091~
el

LEW-10C-54FC

Jab

10

20

30

40

L0y

180 170 160 150 140 130 120 110 100 o0 80 T0 60

50

fl (ppm)



LAY
ERRIE
0604
€211
9z
0€'1 1
0211
F 1
2%
9%’ 1
9511
7oL
99°1
99°1
L9l
69’1
LLL
L1
F0E
0L
ClE
LI'E
LSt
[S'F
5'F
£9'%
F9'¥
99

=

—.|_—=_n_l=__..||r£,_,—o-'

orL
oLl
9z'L-"
65'L
[9°L

L5W-10C-541

5

ol

= 0TE
pora
P LT

F oz

E oorf

E o0z

ooy

10

11

12

13

14

u

16

fl (ppm)



90'LLL"
Z0'LLL
00'LLL
96'9L 11
$6'9L1 1
£6'9L11
68'9L1
L]9LL
98941
€894
ZR9L1
08941
LL 9Ll
9L'9L1-]
TR TARE
0L'9L1-

LEW-10C-541

b

Jad

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



60'Fl—
c9'Ze
£8P
98'FC

8l'6T
M..m.._m_mw
OF'6 i_ﬁ

p8 1€
Z1'pE
Z8'pE
678
£5'8E

09'16
zee6”

ElEl—
E0°9E L~
LobE =

L5W-10C-541I-C

Jad

30 20 10

40

130 170 160 150 140 130 120 110 100 20 80 70 60
f1 (ppm)

190



980
88'0
06'0
9z’
8Z'1
9€'1
LE']
RE'L
RE'1
0p'1
Tr'l
Tr'l
LS'1
L9'l
89'1
89']
69'1
69'1
0Ll
1Ll
L]
Ll
ZLl
£L]
pLl
SL'l
9L'1
LE
Ll
8L'1
6L'1
LS
i
AR
S1¢d
91°¢
91°¢]
81°¢
0Z'¢
lz'e
zze
pE
9z'€
9g'E
LTE
8Z'€
0E'€7
1€
651
197
0L
Ly
€L
92"
ce't
BE L
g8'L-

8L

Jae

Ac

= 90°€
Fweu

F sz

F vrog

F sz

F sot

E oot

=00t

0.0

_\|m

1.0

LE ]

2.0

L]

3.0

LE]

4.0

_\|m

i

LEy]
un

6.0

L]

7.0

LEy]

8.0

i

9.0

u

10.5 10.0

11.0

fl (ppm)



LEW-10C-5A

MOOMD MO MO MO MO MO MDD MDD MDD MDD MDD MDD N

o o o o o o o o o o o o~ o o o

|I_1I_|I_L,_|I.,_\_|‘x/|_,_,1_,44_14_|4_|
F
\/\/\/\\)\/S
=L
Ac

10 0 -10 -20 -30 -40 50 60 -70 -80 -9% -100 -110 -120 -130 -140 -150 -160 -170 -180 -19%0 -200 -210
fl (ppm)



|
hdhhﬂnuﬂnl b ML L.

|

LLTE~
66"

[1'LTl—
L8811
LbPEl—

BE'ERPL—

Flial—

law-10c-zac

Jae

Ac

il it MMH&hmnMd—LmJ

L

R -

miLthnumemw

10

20

30

40

L ]

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

210



ELRY
880
680
ozl
62l
LE]
EE'L
LS'1
Z9'l
£9°1
S9'l
691
Fa'T
86T
F0E
L0
80E

Lo
op'p
Lb'p
6t
05°p
85°F
65°t
19
29

£8'04
98'9~|,
9Z'L
9Z'L
€L
0b'L

L5W-10C-50ME

Yy

Jaf

/

I

_J

I org

Fara|
Forg

F oot

F 8671/

F o1

11.5

10.5

12.5

13.5



9p'LLL™
AATAR
OF'LLL-
8E'LLL
98 'LL1
GE'LLL
PELLLA
CE'LLLY
L€'LLL
62'LLL-—F
Lz'LLl-
SANARE
£T'LLL-
1Z'LLl-4
WA ALE
L1'LL1~
SL'LLL-
plesl-d
MO

L& 10C-50ME

OMe

Jaf

-200 -30 -40 50 60 -70 -80 -% -100 -110 -120 -130 -140 -150 -160 -170 -180 -19%0 -200 -210
fl (ppm)

-10

10



R
M..x_qﬁ/
98HZ

6162
ﬂ_m.aw
L6z
e ]
00p |
Gm.ﬂc\.
Lo0F

FESE—
[BT6~
£S°E6~"

G9FLL—

BESTL—

LLEE] =

LEGSl—

LEW-10C-50ME-C

L
OMe

Jaf

el bl

10

20

30

40

LEy]

190 180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

o



S8'0
9501
880
A
82'1
0€'1
pe'l
9¢'1
0t'1
Ay
b1
951
95'1
z9'l
$9'l
99'1
89'1
69'1
0L'l
L'l
86'C
00°€-
20°€
£0°€
PO
SO'€
LOE
60°€
OL'E
e
ELE
pLE
SL'E
SL'E
LLE
6L€
o'
05’
1S b1
19'p-
29'p1
£0'L
90'L1
80'L
01'L]
1241
1Z'L]
2L
ZT'L]
B2y
b L]
9Z'L]
9Z'L]
L]
e
B L1
gL

dev L

i1/

Jag

M N JLJLL

= ITE

Foean
F 807

F 60t

F o

I 01T
= E71
B 001

10.5

_\um

12.5

135



9€'LLL
ZE'LLL
0E'LLL-1
9Z'LLL 1
ATTAR
£ZLL1
61'LLL--
ARTARE
ANFALE

01'LLL-4
90'LLL- .
: -
bO'LLL ’

00'LLL-

T

3ag

LLBOL-
SL'8OL-
SL'wol-
L8O~
cLRol-
LL'8OL-

LaW-10C-52F

60

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

=200 30 -40  -50

-10

10



80'F—
922
6L 72\
F8¥E

81'6E
mm.mmw
GE'GE
ER'LE
FOFE
GTFE
BO'LE
LORE
mm.xm._
GC8E

I

30

J

B8 16~
6S°E6-

£9091~
LOgal-—

LS 10C-5F—C

"0

Jag

10

20

40

W

1% 180 170 160 150 140 130 120 110 100 90 80 70 60

200

fl (ppm)



9807
HE'01
0604
LT
[E']7
EE'1A
LE'TA
LE'TA
BE'1
0F 11
F'1
ZF'l
L

St'l
L'l Ee=s
iy T
95'1 ey
9514
§9'l
99'1
L9l Sl
89'1-
69'1
1Ll
BT 5 . =
SL'l
gL'l w
£0°€
pO'E
90°€
LO'E
80'€
60' — S—
ZLe
>
pLE
SLE
A
8L
6LE
61€
12€-
£T€7
£S5
#S 1
95 b+
S9'p1
L9
89'71
£1'L]
SL'L]
S
9Z'L]
82 L1
£'L1
BE L1
B

WL

Br

Jah

e L

B
pLral
¥ LT

F 7t

4N

POl
= 017
o0

fl (ppm)

13 12 11 10

14

u

16



Z0'LLL
86'9L 1"
L6'9LL
Z6'9L11
L6941
16'9L1-
68'9L1
TRTACR
PR'9LL ]
289414
6L'9L1-
8L 9L
99414
ZL9LT-]

WRCTARE
99'9 1 -

LEW-10C-53BR

b

5. :: Br

Jah

-100
fl (ppm)

-120 -130 -140 -150 -160 -170 -180 -1%0 -200 -210

-110

-80  -90

70

-60

=200 30 -40

-10

10



301 —
P9'ZZA
L8'PT|
98T~
8162
m.._aw
6€' 6T
M._x_:;,\.
Z1 el
£e'ped
zz'8e
o8¢

98T~

P6'LT1
At
LZ0ELT
68°1E1
RE'REL~

L5W-10C-53BF-C

Jah

10

20

30

40

LE]

190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

00



o

LEW-10C-5XIN

s

=

- 1o
pLeru

.T 9

| eor

F oo

10.5

11.5

12.5



PP oL
AR TARE
A TARE
SCTARE
99411
PEOLL
L€9L11
LZ9LL
STOLL-—F
FACTARE
0Z'9L1-
S1'9L1-
ARCTARE
£1'9L1-
01'9L1-
80'9L1-]
50941

LEW-10C-5XIN

3ai

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



80'pl—
$9'72~

mm___mmz___r
L6'FT -
PR 'ST—
8162
1262
OF'62
P62
89'67
18164
G8'1€-
ClEe
61'bE-
GE e

OF 96 -
£9'0¢ -

J

0T E6~
Oa'Fa-"

LEW-10C-5XIN

3ai

10

20

30

40

uw

190 180 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

200



ELAY
BE0
680
Lel
wZ'l
0g'l
Ze'l

LS°1

mw._.#
TR
86 1~

9T
89
0L'g
L'l
ELT

By
oF' ¥
[SF
sy
Fs'F
09
29k
£9'%
S9F
Q9%

LSW-10C-5CY

/f/)/

—~

SCy

KE ]

=

F oox

12.5 11.5 10.5

135



0°9LL"
66'SLL-
86'GL11
96'§L11
£6'GL11
Z6'SLLY
06'SLL-
L8'GLL-
98'§L1
T RTAE
08'SL1
6L'SLL~
LLSLL-
TRIARE
ZL'stl

L

LOSLL-

LEW-10C-5CY

SCy

3aj

-200 -30 -40 50 60 -70 -80 -% -100 -110 -120 -130 -140 -150 -160 -170 -180 -19%0 -200 -210
fl (ppm)

-10

10



mm”mﬁl
08'SZ
_m_a/,r
_mm.._aw
Pb62
mx_:x\_“
b

LEFr—

LE'EA~
La're~"

LW 10C-5CY-C

SCy

33

10

20

30

40

LEy]

1% 180 170 160 150 140 130 120 110 100 90 80 70 60

200

fl (ppm)



881 —

bt
IZ'E
A
2z'€
€7'€
Ve
s g
s¢e
8€'¢ 4
0p'c
ope ]
Ad
Che-

6L
6L
08°
08°
93'
L3’
83
88°
80'L
0L'L
L
91'L
LUL
s
8L
8L
vz
£E'L
pE'L-
pE'L-
SE'L-
8L
6L
05'L-
164

:"":":'JP#_‘I

1sw-2br-sme

Br
Jak

=i0€ |

oot |

SLOT

B80T |

Ep0re
A0t

L]

4.0

_—1.._

5.0

5:5

fl (ppm)

6.0

s

_—1.._

10.5 10.0

11.0



808~
08’081~
LLOR]-
tLOR]-
LLOK8L-
69081~
99081~

law-Zbr—=zme

-200 -210

-190

-180

Er
Jak
-170

-160

0

5

60 -70 -80 -9 -100 -110 -120 -130 -l40 -1
fl (ppm)

50

=200 -30 -40 5

-10

10




60'1e—

5606~
2l'Ze"

8L0Z1
Z8°0Z1
1Z'L21
LT'LTL
9L LT
SL6Z1
96'6Z1-
L6'6T1
6E'1EL
Ls1gl
€Lzel
ANIAL
€0'8E1
8L'SEL

1sw-2br-sme

Br

3ak

10

20

30

40

i

190 180 170 160 150 140 130 120 110 100 20 80 70 60
f1 (ppm)

0o



cl

Br

3al

S0t

LE ]

1.0

u

2.0

_—1“

3.0

Loy ]

4.0

_\|m

6.5
fl (ppm)

7.0

_—1“
-

8.0

_\|m

10.0

5 11.0 105

12.0 11.



O8]
L8081~
6L08] -
9L081-
EL08]-
LLO8]-
HO'08L-

LEW03-01

Cl

[=1]

3dal

-80 -% -100 -110 -120 -130 -140 -150 -l160 -170 -180 -19%0 -200 -210
fl (ppm)

70

-60

=200 30 -40

-10

10



200y
Gl 0t

AT AP PR Tl AP

il il b el [T Ry I.l.-luhlala.lln.l.- et b i L

G806~
FPO'To-"

29021
cLogl
L2l
He LTl
[8LE1
xcdmfk
60°0el
aroet
A
SLZEL
66'ZEL
EL'EEL
LLLEL
CRLEL

LEW03-01

Cli

Br

dal

10

20

30

40

i

170 160 150 140 130 120 110 100 30 70 60
fl (ppm)

180



£5E

h.m_mw.. _— —— T
cc.m.\
L1'Lq
1L
Bl
61
61
0L
L2

12 L O
ZEE o

2T LA w

£E L w L
FC L

FE L

C7'L |SI'E
o7 9 ——— |M 3 €0’
0€'L e s
AT
LE
agy
Bpi)
Ee,
i
pE 'L
9 'L
e
A
fgit
RE'L
BE
b
Lp'-
h'L
LhL
Rp'L
8L
b
b
b

LEW-13-AcBRo50

10.5

11.5

12.5




LEW-15-A-BR-5FH

94,49
-94.53
-94.56

{

10 0 -10 -20 -30 -40 50 60 -70 -80 -9% -100 -110 -120 -130 -140 -150 -160 -170 -180 -19%0 -200 -210
fl (ppm)



SLER
mmﬁwwv
09°ef

€5'611
i
E
pE'szl
86571
ARTAR s
90'LZ1
L
86'371/F
110€ _‘“
08'0€1
97's€1
LO'SEL
PRISEL
09§14

LS§-11-D

O

da

——

10

20

30

40

LL]

170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

180



169
€60
G650
9Z'L
9Z'L1
om.__p._
0£'L
o
€L
€L
Ze'L
€E'L
e
G L
It
v
€L
'L
LA
LFL-

L5W-12-A-A-BR-4F

4h

1] By

w007 |

rre

ire |
N”w:.ﬂ

10.5

11.5

12.5



SorlL-
c0rll-
VR M
corll-
LOFLL-
oo'FlL-
a0ELL-
66'ElL-
LoEll-
69 'f6-
R i
C9'F6-

LEW-12-A-A-BR-4F

RO
1b F

7

-30 -0  -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

70

-60

-20 -30 -40

-10

fl (ppm)



BZFF
ﬁw.wvv
69'FF

4b

m__,n_.m:;
FL9LL
5oLl
elLet
SLEel
EE'SEL

LESTL
[FSELA

CF8Cl
L 0g ]

el'0EL
sLoel
0zoel

LOFEL
a0pel
83SSEL
9L'sEl
E6'SE _.._
8191~
LU'E9L~

LEW-12-A

10

20

30

40

i

190 180 170 160 150 140 130 120 110 100 920 30 70 60
fl (ppm)

00



98—

oF'e
_m.m_wﬂ
1
8l'LA
al'L
al'LA
0Z'LA
0Z'LA
2T
ZT'Ly
£2°LA

e
e
WSM.
RE'L
B2 L
0b'L
[bL
'L
Lb'L]
L]
b i
L]
P
op' L]
oL

LSW-aD

Cl

- —

80T |

rhe’0

FQ.:

0T |

86°0

fl (ppm)

13 12 11 10

14



c__u_v_,\,_-./

-160

__u.n___mm_-a
GO i

LSW-5D

Q.

dc

-80 -9%0 -100 -110 -120 -130 -140 -150 -170 -180 -1%0 -200 -210
fl (ppm)

70

-60

=200 -30 -40

-10

10



ZLel—

aE'ER
_cﬁvwv
IRER

ikl

Zr6ll
PO'1ZL
99'221
0£'sZ1
PE'STL
8£'SZ1
SE'STL
01'6Z T/K
61061
AR
LEEel
69°€€1
6F'SEL
99°G¢1
PR'SEL

LEW-00-cl

i
MU

10

20

30

40

W

170 160 150 140 130 120 110 100 90 30 70 60

180

fl (ppm)



€0'LA
€0'E
P0'LT
0L
9z L
9z 'L
6E'L
0F'L
IF'L
A
b i)
9 L4
LpLd
S
vs L4
§S L1
5L

LSW-SE

=II't

4
Pre
81°Z

L0z

12.5 11.5 10.5

135



LSW-SE

-94.63
-94.,66
-94,68

10 0 -10 -20 -30 -40 50 60 -70 -80 -9% -100 -110 -120 -130 -140 -150 -160 -170 -180 -19%0 -200 -210
fl (ppm)



S6°CF
Ll .mvv
BEER

0eee—

"Z'SI1
CE'st PW
LESTL

I Nl

0z 0EL~"-
8£ZEL

e

E9°GEL
So'Lel

/
cm.mm._.%

LSW-SE

10

20

30

40

u

190 130 170 160 150 140 130 120 110 100 90 80 70 60
fl (ppm)

200



[£g—

6F'€
mm_mW
9g'c

S0°L
LO'L
'L
sTL
9z'L
9z'L
BEL
BEL
0F'L
iFL
EPL
FFL
LF'L
8L
mw._._u._

LEW-A-BR-5ME

F_

Il

=OT'E

For'z

ST
80T

o0

_—1“

1.0

N

2.0

_—1“

3.0

_—1_

4.0

_—1“

un

_\m
i

5 68
1 (ppm)

7.0

_\|m

5 1.0 105 100 95 90 85 8.0

12.0 11



LEW-A-BR-5ME

-94.52
-94.56
-94.60

10 0 -10 -20 -30 -40 50 60 -70 -80 -9% -100 -110 -120 -130 -140 -150 -160 -170 -180 -19%0 -200 -210
fl (ppm)



FOLE—

EL'EY
vc#vww
mm%v

L8
LZ1etl
E9ELL
EE'SCL
6E'SC1
SFSCL

LE'BTL
vﬁdmﬁjf

mcdmﬁ
mm__m_.%‘
FOLEL
OL'sel
96'GEl
A
EELEL

LEW-A-BR-5ME

g
FM@@

B IO

i o s o s i L

L.

10

20

30

40

i

170 160 150 140 130 120 110 100 90 30 70 60
fl (ppm)

180



9L'9
9L'9
LLY
8L
6L'9
6L'9
9z'L
fE
87'L
8Z'L
g
gL
65 L4
Lp'-
Lp'-
h'L
Sar
9p' L]
LpL

1 sw-a—br—ome

Fe6'1
ESre

Foe't

00T
Fsos

0.0

un

1.0

L]

2.0

LE ]

3.0

LE]

4.0

LE]

Wi

6.5
fl (ppm)

7.0

LEy]

8.0

un

9.0

un

10.5

11.5

_\|m



1 sw-a—br—ome

-94.53
-94.57
-94.61

saaeW

4f

-80 -9%0 -100 -110
fl (ppm)

-120

-130

-140

-150

-160

-170 -180

-190

-200

-210



6l'tr
E.QW
LF'St

FPESS—

LSHLL
8811
Lz1zl
0L'€zl
Beee
bS]
Lb'STl
99'sZ1
SE'8TL—
L0'0€1
£0'0£1 47
b
PLSEL
00'9¢1
9z'9¢1

Csasl—

LEW-4C-STOL

OMe

4f

|
]
Aol doinl o dbdatal i RN LMWHAM
T

i i i
T

PRRPTVRERTY e !

|anMLMMH
T

10

20

30

40

u

170 160 150 140 130 120 110 100 920 80 70 60
fl (ppm)

180



20
20
£0°L
£0°LT
pU'Lo
PO
SU'L
S0°L
SU°L
90'L

GSE
xm.mW

90°L
vL
A
ST'L
ST'L
ST'L
szt
9Z'L
9z'L
9Z'L
9z'L
97'L
LT
Lz
€€
€€
pe'L
ce'L]
Se'L
9¢ "]
65
0L
L]
L'
oL
T
oL
Ly'L]
Ly
6L

'L

H|

.

S0

e |

80°1

L By

90'T

o'l |

0.0

5 30 25 20 15 10 0S5

40 3.

4.5

W

_\m
)

10.5

11.5

12.5



HEBOL

LEBOL w
QE'80L-

SE'ROL-

SE'ROL- R

QLG
m..__u;ﬂn_-y
[L o~

LSW-9F

-160

-80 -9%0 -100 -110 -120 -130 -140 -150 -170 -180 -1%0 -200 -210
fl (ppm)

70

-60

=200 -30 -40

-10

10



881
06'1 ¥
60'ZF
A
O£ T
£g'7pd

9L'SLL
L6511
ARE]
£9°121
ErPL
SPHL
Lz'szlL
£zl
YA

F\O
i
(19
[ 3

968z 14
59671
1621
60°0€1
010€1
L10E 1
z0'pel ]
9119~
08291~

LSW-9F

L-“u L IL L 1 o ot PR |

Ll

-10

30 20 10

40

i

180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

190

W 210 200



S8l —

LEW-12-B--BR-53BR

EerT

O0° T
H_ .
T 001

S0°T
MQ:‘
e

0.0

u

1.0

L]

2.0

_\|m

30

_—1“

4.0

L]

LE ]

un
un

6.0
(ppm)

W=

6.
f

7.0

_\|m

3.0

u

9.0

u

10.5

11.5

un



LEW-12-B--BR-53BR

-04.58
-94.62
-04.65

0 -10 =20 -30 -40 -50 -60 -70 -80 %0 -l100 -110 -120 -130 -140 -150 -160 -170 -180 -1%90 -200 -21
fl (ppm)



06'ZF
:_mwv.
CE'EY

6L
801
09°¢Z1
S9Zel
[E£ST1
Se'sel
TR
SF'8TL

[§'5EL
xaﬁm__
F'LEL

L5W-12-B

4h

10

20

30

40

L]

170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

180



9g'L
9g'L
EPL
EPL
Fr'L
FFL
0§"'L
[S'L
5L

law-12-c—a-br-s8c

s
4i

I

=8T'E
e
az'o
EST'T

B80T

Frorg

e
ore

7.0

_\|m

3.0

LE]

9.0

u

10.5

11.5

fl (ppm)



law-12-c—a-br-s8c

-04,33
-94.37
-94.40

10 0 -10 -20 -30 -40 50 60 -70 -80 -9% -100 -110 -120 -130 -140 -150 -160 -170 -180 -19%0 -200 -210
fl (ppm)



9g'8C1
66'6E1

£09el
291

RE9EL-

LEF12-C

S

4

N —

St i it | LM

30 20 10

40

170 160 150 140 130 120 110 100 80 70 60
fl (ppm)

180



5160



6. References

1. Nalbandian, C. J.; Miller, E. M.; Toenjes, S. T.; Gustafson, J. L. Chem. Commun. 2017, 53, 1494-
1497.

s161



