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1. Methods:

Synthesis

General information: Reactions were carried out under dry argon using flame-dried glassware.
DME and Et,0 were distilled over sodium hydride. Pentane, hexane and heptane were distilled
over P,0Os before use. (E,2)-1,1,1,4,4,4- hexafluorobut-2-ene (1a,b) were provided by the

Chemours’ company.

'H NMR spectra were recorded at 400 MHz with a Varian UNITY — Plus 400 spectrometer or at
301.5 MHz with a Mercury + 300 Varian spectrometer. 1°F NMR spectra were recorded with a
Varian Geminy-200 spectrometer at 188.14 MHz or a Varian UNITY — Plus 400 spectrometer at
376.5 MHz. 13C NMR spectra were recorded on a Bruker AVANCE DRX 500 spectrometer at
125.67 MHz or with an Agilent ProPulse 600 spectrometer at 150.8 MHz. Chemical shifts are
given relative to MesSi and CCIsF as internal standards. GC—MS spectra were registered on a
Hewlett-Packard HP GC/MS 58,905,972 instrument (EI 70 eV) (Philips, Bothell, WA, USA). IR
spectra were recorded on a VERTER 70 spectrometer. Flash chromatography was performed

using Merck silica gel 60 (0.063—0.200 mm).

Preparation of 2,3-dibromo-1,1,1,4,4,4-hexafluorobutane (2)

(E)- or (2)-1,1,1,4,4,4-hexafluorobut-2-enes (1a,b) (16.4 g, 0.1 mol) and bromine (16 g, 0.1 mol)
stirred under exposure to ultraviolet irradiation or sunlight until the color disappears. The
reaction mixture was washed with saturated aqueous solution of Na;SO3 (50 mL) to remove
bromine residues, dried with MgSO4 and distilled at 116 °C (750 mmHg) affording pure slightly
yellowish product 2; yield 30.76 g (95%). 'H NMR (301.5 MHz, CDCls): & = 4.61 (m, 2H); 1°F NMR
(188.14 MHz, CDCls): 6 = —67.13 (m, 6F, isomer-1), =70.52 (m, 6F, isomer-2); 3C NMR (150.8

MHz, CDCls): & = 42.65 (q, Ycr = 33.9 Hz), 43.57 (q, Ycr = 37.7 Hz), 121.85 (q, Ycr = 281.6 Hz),
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122.12 (g, Yer = 279.1 Hz); GCMS m/z: 321.9/323.9/325/9 [M]*, 252.8/254.8/256.8 [M-CFs]*,

242.9/244.9 [M-Br]*, 163.9 [M-Br,]*, 69 [CF3]*.

Dehydrobromination of 2,3-dibromo-1,1,1,4,4,4-hexafluorobutane (2)

To butane 2 (32.4 g, 0.1 mol) suspended in 70 mL of water were added BusNBr (1.61 g, 5 mmol)
and a solution of KOH (7.28 g, 0.13 mol) in 35 mL of water. The reaction mixture was stirred at
room temperature (completion of the reaction was monitored by °F NMR spectra). The crude
product was separated from the aqueous phase, dried with MgS0O4 and distilled to give the
mixture of (E)- and (Z2)-2-bromo-1,1,1,4,4,4-hexafluorobut-2-enes (3a,b) in a ratio of 2:1
according to the NMR spectra; b.p. 55 °C (750 mm Hg), yield 21.62 g (89%). *H NMR (400 MHz,
CDCl3): &6 = 6.61 (q, 3Jur = 8 Hz, 1H, E-isomer), 7.09 (q, 3/ur = 6.4 Hz, 1H, Z-isomer); *F NMR
(376.5 MHz, CDCls): & =-58.59 (qd, °J&r = 11.3 Hz, 3Jey = 8 Hz, 3F, E-isomer), —63.67 (q, >Jrr = 11.3
Hz, 3F, E-isomer), —62.0 (d, 3Jeq = 6.4 Hz, 3F, Z-isomer), —-69.59 (s, 3F, Z-isomer). GCMS m/z:

242.9 [M]*, 172.8/174.8 [M-CFsH]*, 160.9/162.9 [M-HBr]*, 69 [CFs]".

Preparation of (E)-2-bromo-1,1,1,4,4,4-hexafluorobut-2-ene (3a)

According to the procedure for dehydrobromination of 2,3-dibromo-1,1,1,4,4,4-
hexafluorobutane (2) the reaction of a mixture of isomers 3a,b (24.29 g, 0.1 mol) suspended in
50 mL of water with BusNBr (1.61 g, 5 mmol) and a solution of KOH (5.6 g, 0.1 mol) in 25 mL of
water was added. The reaction mixture was stirred at room temperature (completion of the
reaction was monitored by °F NMR spectra). (E)-2-Bromo-1,1,1,4,4,4-hexafluorobut-2-ene (3a)
was separated from the aqueous phase, dried with MgS0O4 and distilled, b.p. 59 °C (750 mmHg),
yield 8.5 g (35%). *H NMR (400 MHz, CDCl3): 6 = 6.69 (q, 3Jur = 8 Hz, 1H); 1°F NMR (376.5 MHz,
CDCl3): & = -58.21 (qd, °J&r = 11.3 Hz, 3Jew = 8 Hz, 3F), —63.54 (q, >J&r = 11.3 Hz, 3F); 3C NMR
(125.67 MHz, CDCl3): & = 118.68 (q, Ycr = 274 Hz), 119.79 (q, Ycr = 272.8 Hz), 123.32 (qq, Jcr =

42.7 Hz, 3Jcr= 6.3 Hz), 129.45 (qq, Ycr = 40.2 Hz, 3Jcr= 2.5 Hz).
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Preparation of (Z)-2-bromo-1,1,1,4,4,4-hexafluorobut-2-ene (3b)

The mixture of butenes 3a,b (24.29 g, 0.1 mol) was sealed in an ampoule and irradiated for
several hours (completion of the reaction was monitored by °F NMR spectra), affording (2)-2-
bromo-1,1,1,4,4,4-hexafluorobutene (3b). The olefin 3b was distilled at 52 °C, yielding 24.29 g
(100%). 'H NMR (400 MHz, CDCl3): & = 7.01 (q, 3/ur = 6.4 Hz, 1H); 1°F NMR (376.5 MHz, CDCl3): &
=—61.69 (d, ¥ = 6.4 Hz, 3F), =69.55 (s, 3F); 13C NMR (125.67 MHz, CDCl3): & = 119.48 (g, Ycr =
272.8 Hz), 120.69 (q, Ycr = 271.5 Hz), 121.61 (qq, Ycr = 39 Hz, 3Jcr= 6.3 Hz), 125.84 (qq, Ycr =

37.7 Hz, 3Jcr= 5 Hz).

Synthesis of 2-chloro-3-iodo-1,1,1,4,4,4-hexafluorobutane (5)

(E) or (2) 1,1,1,4,4,4-hexafluorobut-2-enes (1a,b) (16.4 g, 0.1 mol) and ICI (16.2 g, 0.1 mol)
stirred under the influence of sunlight until the color disappears. The reaction mixture was
washed with saturated aqueous solution of Na,SO3; to remove iodine residues, dried with
MgSO, and distilled affording slightly pinkish 2-chloro-3-iodo-1,1,1,4,4,4-hexafluorobutane (5);
b.p. 112 °C (750 mmHg), yield 27.7 g (85%). 'H NMR (301.5 MHz, CDCls): 6 = 4.27 (q, 3/ur = 6.3
Hz, 1H, isomer-1), 4.46 (qd, 3Jur = 6.3 Hz, 3Juy = 3.6 Hz, 1H, isomer-2), 4.79 (qd, 3/ue = 7.5 Hz, 3/uy
= 3.6 Hz, 1H, isomer-2), 4.83 (q, 3Jur = 7.5 Hz, 1H, isomer-1); °F NMR (188.14 MHz, CDCl3): 6 = —
63.73 (qd, >Jrr = 11.3 Hz, 3Jp = 7.5 Hz, 3F, isomer-2), —67.71 (d, 3Jeq = 7.5 Hz, 3F, isomer-1), —
69.90 (qd, >Jgr = 11.3 Hz, 3Jey = 6.3 Hz, 3F, isomer-2), =72.74 (d, 3Je4 = 6.3 Hz, 3F, isomer-1); 13C
NMR (125.67 MHz, CDCls): & = 16.18 (q, 2Jcr = 33.9 Hz, isomer-2), 17.57 (qq, %Jcr = 31.4 Hz, 3Jcr =
2.5 Hz, isomer-1), 53.98 (qq, 2Jcr = 35.2 Hz, 3Jcr = 2.5 Hz, isomer-1), 57.32 (qq, %cr = 35.2 Hz, 3Jc¢
= 1.3, isomer-2), 121.04 (q, Ycr = 281.5 Hz, isomer-2), 121.54 (q, YJcr = 280.2 Hz, isomer-1),
122.06 (g, Ycr = 279 Hz, isomer-2), 122.35 (q, Yer = 277.7 Hz, isomer-1); GCMS m/z: 325.9/327.9

[M]*, 199/201 [M-1]*, 161.9/163.9 [M-ICI]*, 69 [CF3]*.
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Dehydrohalogenation of 2-chloro-3-iodo-1,1,1,4,4,4-hexafluorobutane (5)

To butane 5 (32.6 g, 0.1 mol) suspended in 70 mL of water were added BusNBr (1.61 g, 5 mmol)
and a solution of KOH (7.28 g, 0.13 mol) in 35 mL of water. The reaction mixture was stirred at
room temperature (completion of the reaction was monitored by °F NMR spectra). The crude
products were separated from the aqueous phase, washed with saturated solution of Na;SOs,
and dried with MgS04. The chloro- and iodo-butenes were separated by distillation at 35 °C in
52% yield (10.32 g) for 6a,b and at 75 °C in 34% yield (9.86 g) for 7a,b. NMR spectra of (E)-2-
chloro-1,1,1,4,4,4-hexafluorobut-2-ene (6a): 'H NMR (301.5 MHz, CDCl3): 6 = 6.44 (q, 3Jur = 7.8
Hz, 1H); *°F NMR (376.5 MHz, CDCls): 6 = -57.78 (qd, >Jer = 11.3 Hz, 3/ry = 7.8 Hz, 3F), —65.53 (q,
5Jee = 11.3 Hz, 3F); 13C NMR (150.8 MHz, CDCls): & = 118.39 (qq, Ycr = 274.5 Hz, e = 1.5 Hz),
119.53 (q, Yer = 272.9 Hz), 125.28 (qq, %Jcr = 40.7 Hz, 3Jcr = 3 Hz), 133.69 (qq, ZJcr = 42.2 Hz, 3Jcr =
6 Hz). NMR spectra of (Z)-2-chloro-1,1,1,4,4,4-hexafluorobut-2-ene (6b) fully correspond to the
literature data [1, 2] GCMS m/z (6a,b): 198/200 [M]*, 179/181 [M-F]*, 163/165 [M-CI]*, 129/131
[M-CF3]*, 113/115 [M-CF.CI]*, 69 [CF3]*. NMR spectra of (E)-2-iodo-1,1,1,4,4,4-hexafluorobut-2-
ene (7a): *H NMR (301.5 MHz, CDCl3): 6 = 6.89 (g, 3/ur = 7.6 Hz, 1H); °F NMR (188.14 MHz,
CDCl3): 6 = -59.01 (qd, >Jer = 11.3 Hz, 3Jry = 7.6 Hz, 3F), —60.88 (q, °Jrr = 11.3 Hz, 3F); 13C NMR
(125.67 MHz, CDCl3): 6 = 96.86 (qq, #cr = 41.5 Hz, 3Jcr = 6.3 Hz), 118.78 (q, Yer = 274 Hz), 119.53
(g, Yer =274 Hz); 136.92 (qq, 2Jcr = 40.2 Hz, 3Jcr = 2.5 Hz). NMR spectra of (Z2)-2-iodo-1,1,1,4,4,4-
hexafluorobut-2-ene (7b): TH NMR (301.5 MHz, CDCls): 6 = 7.18 (qq, 3/ur = 6.6 Hz, *Jur = 1.2 Hz,
1H); °F NMR (188.14 MHz, CDCl3): 6 = —61.97 (d, 3Jru = 6.6 Hz, 3F), =67.12 (d, “Jen = 1.2 Hz, 3F);
13C NMR (125.67 MHz, CDCl3): 8 = 95.31 (qq, Zcr = 37.7 Hz, 3Jcr = 5 Hz), 119.81 (q, Ycr = 274 Hz),
120.04 (g, Yer = 272.7 Hz), 132.1 (qq, Ycr = 37.7, 3Jcr = 5 Hz). GCMS m/z (7a, b): 289.9 [M]*,

270.9 [M-FJ*, 220.9 [M-CFs]*, 163 [M-I]*, 144 [M-F, I]*.
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Synthesis of 2,3-bis(trifluoromethyl)-1-(4-fluorophenyl)prop-2-ene-1-ol (10)

To a solution of bromoolefin 3a (1.21 g, 5 mmol) in Et;0 (20 mL) at -78 °C a 3M solution of /-
PrMgCl in THF (2.92 mL) was added dropwise. The mixture was stirred for 1 hour at -78 °C
(cooled in liquid nitrogen/ethanol bath) and then 4-fluorobenzaldehyde (9) (0.62 g, 5 mmol)
was added. Continued stirring at —65 °C for 1 h and then the reaction mixture was heated to rt.
The mixture was quenched by adding of 2N solution of HCI (5 mL) and the reaction product was
extracted with diethyl ether (2 x 10 mL). The organic phases were combined, washed once with
saturated aqueous solution of Na,COs (10 mL), with water (2 x 10 mL) and dried with MgSO..
The solvent was removed in vacuum and the obtained crude product 10 was purified by column
chromatography on SiO; (eluent hexane:diethyl ether = 9:1); yield 0.66 (46%). 'H, 1°F and 13C
NMR spectra fully correspond to the published data [3].

Synthesis of 1,1,4,4,4-pentafluorobuta-1,2-diene (11)

A mixture of butenes 3a,b (12.15 g, 0.05 mol) and 50 mL heptane was added to the flask. To the
addition funnel was added a 2.5 M solution of commercial n-Buli in hexane (24 mL). Then the
n-Buli solution was added dropwise at -80 °C at such a rate that the temperature was in the
range from -75 to -85 °C (cooled in liquid nitrogen/ethanol bath). The slightly cloudy, yellowish
solution was allowed to stir at the same temperature for an additional 40 minutes and then the
reaction mixture was heated to rt. The volatile products were removed from the solution at 20
°C for 3—4 h with a slow flow of argon through the system and condensed into a trap cooled
with dry ice. The product 11 was recondensed twice to separate as much as possible from
solvent residues. A total of 4 g (55%) of 1,1,4,4,4-pentafluorobuta-1,2-diene (11) was obtained
with 95% purity; b.p. 7 °C (750 mm Hg). *H NMR (400 MHz, C¢Dg): 6 6.43 (m, 1H); 1°F (376,5

MHz, CeDs): & -64.97 (m, 3F), =97.54 (m, 2F); 13C (150,8 MHz, C¢Dg): & 108.3 (qt, 2J = 41 Hz, 3) =
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4.5 Hz, =C(H)CF3), 119.1 (qt, Y = 271 Hz, 4 = 3 Hz, -CF3), 155.2 (tq, 1 =271 Hz, 4 = 1.5 Hz, =CF,),

180.8 (tq, 2 = 41 Hz, 3) = 6 Hz, =C=CF). IR (neat): 2038, 1283, 1253, 1145, 866, 823 cm"..

Synthesis of (Z)-1,2-dibromo-1,1,4,4,4-pentafluorobut-2-ene (13)

To allene 11 (4.32 g, 0.03 mol) Br, (4.79 g, 0.03 mol) was added dropwise at -30 °C. The
reaction mixture was allowed to stir an additional 1 h at the same temperature and then was
heated to rt. The crude product was washed with saturated aqueous solution of Na;SO3 (20 mL)
and dried with MgSQO4. The (2)-1,2-dibromo-1,1,4,4,4-pentafluorobut-2-ene (13) was distilled;
b.p. 104 °C (750 mm Hg), yield 8.39 g (92%). 'H NMR (400 MHz, CDCl3): & = 6.93 (q, 3/ur = 6.8 Hz,
1H); F NMR (376.5 MHz, CDCl3): & = -50.11 (s, 2F), =59.74 (d, 3/ = 6.8 Hz, 3F); 3C NMR
(125.67 MHz, CDCl3): & = 114.02 (t, Ycr = 305.4 Hz), 120.34 (q, Ycr = 271.4 Hz), 122.25 (qt, Ycr =
37.7 Hz, 3Jce= 6.3 Hz), 128.61 (tq, %Jcr = 28.9 Hz, 3Jcr= 5 Hz); GCMS m/z: 303.8 [M]*, 222.9/224.9

[M-Br]*, 203.9/205.9 [M-Br, FJ*, 172.9/174.9 [M-CF,Br]".

Reaction of 1,1,4,4,4-pentafluorobuta-1,2-diene (11) with ICI

To a solution of allene 11 (4.32 g, 0.03 mol) in pentane (30 mL) at -20 °C ICl (4.87 g, 0.03 mol)
was added dropwise. The mixture was stirred for 1 hour at —20 °C and then overnight at room
temperature until the reaction was completed (monitored by °F NMR spectroscopy). The
reaction mixture was washed with saturated aqueous solution of Na;SO3 and dried with MgSOa,.
The pentane was distilled off with a column, after which the mixture of (2)-1-chloro-1,1,4,4,4-
pentafluoro-2-iodobut-2-ene (14a), (E)-1-chloro-1,1,4,4,4-pentafluoro-2-iodobut-2-ene (14b)
and 3-chloro-1,1,4,4,4-pentafluoro-2-iodobut-1-ene (15) was distilled; b.p 55-56 °C (100 mm
Hg), yield 7.05 g (77%). NMR spectra of (Z)-1-chloro-1,1,4,4,4-pentafluoro-2-iodobut-2-ene
(14a): *H NMR (301.5 MHz, CDCl3): & = 7.09 (q, 3/ur = 6.9 Hz, 1H); 1°F NMR (188.14 MHz, CDCls):
8=-52.79 (s, 2F), =61.47 (d, 3Js = 6.9 Hz, 3F); 3C NMR (125.67 MHz, CDCl3): & = 102.73 (tq, Jcr

=30.2 Hz, ¥Jer= 5 Hz), 120.09 (q, Yer = 272.7 Hz), 123.49 (t, Yer = 291.6 Hz), 130.04 (qt, 2cr =
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37.7 Hz, 3Jcr= 6.3 Hz). NMR spectra of (E)-1-chloro-1,1,4,4,4-pentafluoro-2-iodobut-2-ene (14b):
H NMR (301.5 MHz, CDCl3): & = 6.75 (q, 3¢ = 8.1 Hz, 1H); 1°F NMR (188.14 MHz, CDCl3): & = —
49.33 (q, °Jre = 15 Hz, 2F), -59.19 (td, >Jre = 15 Hz,3/eq = 8.1 Hz, 3F); 3C NMR (125.67 MHz,
CDCls): & = 103.82 (tq, Ycr = 33.9 Hz, 3= 6.3 Hz), 119.59 (q, Ycr = 275.2 Hz), 121.64 (t, Yer =
291.6 Hz), 133.59 (qt, 2Jcr = 39 Hz, 3Jcr= 2.5 Hz). NMR spectra of 3-chloro-1,1,4,4,4-pentafluoro-
2-iodobut-1-ene (15): H NMR (301.5 MHz, CDCls): & = 4.89 (qd, ¥ur = 6 Hz, Yur = 1.8 Hz, 1H); 19F
NMR (188.14 MHz, CDCls): 6 = —68.52 (dm, Y = 13.2 Hz, 1F), —72.39 (dm, Ygr = 13.2 Hz, 1F), —
73.65 (dm, 3Jpy = 6 Hz, 3F); 33C NMR (125.67 MHz, CDCl3): 6 = 42.68 (dd, 2Jcr = 32.7 Hz, 2Jcr = 22.6
Hz), 53.89 (g, Ycr = 36.4 Hz), 121.56 (qt, Ycr = 281.5 Hz, 4Jcr = 2.5 Hz), 154.8 (dd, YUcr = 301.4 Hz,
Yer= 289 Hz); GCMS m/z: 305.9/307.9 [M]*, 270.9 [M-CI]*, 236.9/238.9 [M-CFs]*, 220.8 [M-

CF.Cl]*, 179/181 [M-I]*, 159.9/161.9 [M-I, F]*.

Synthesis of 2,3-dibromo-2-chloro-1,1,1,4,4,4-hexafluorobutane (16)

The mixture of (E)- and (2)-2-chloro-1,1,1,4,4,4-hexafluorobut-2-enes (6a,b) (9.92 g, 0.05 mol)
and bromine (8 g, 0.05 mol) stirred under the influence of sunlight until the color disappears.
The reaction mixture was washed with saturated aqueous solution of Na;SO3 to remove
bromine residues, dried with MgSO, and distilled affording pure 2,3-dibromo-2-chloro-
1,1,1,4,4,4-hexafluorobutane (16); b.p. 46 °C (20 mmHg), yield 15 g (84%). 'H NMR (301.5 MHz,
CDCls): 6 = 4.89 (g, 3J/ur = 6 Hz, 1H); °F NMR (188.14 MHz, CDCl3): & = —63.74 (qd, /i = 7.5 Hz,
3Jen = 6 Hz, 3F, isomer-1), —63.86 (qd, >Jrr = 7.5 Hz, 3Jpy = 6 Hz, 3F, isomer-2), =72.03 (q, °Jir = 7.5
Hz, 3F, isomer-1), =72.35 (g, 3Jir = 7.5 Hz, 3F, isomer-2); 13C NMR (125.67 MHz, CDCls): & = 50.86
(g, 2Jcr = 33.9 Hz, isomer-1), 51.12 (q, Ycr = 33.9 Hz, isomer-2), 68.74 (q, 2Jcr = 35.2 Hz, isomer-
1),69.21 (q, ZJcr = 35.2 Hz, isomer-2), 120.45 (q, Ycr = 284 Hz), 120.87 (9, Ycr = 280.2 Hz); GCMS

m/z: 357.8 [M]*, 276.9/278.9 [M-Br]*, 188.9/190.9 [M-CFs, Br, F]*, 69 [CFs]*.
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Dehydrobromination of 2,3-dibromo-2-chloro-1,1,1,4,4,4-hexafluorobutane (16)

To a solution of butane 16 (8.96 g, 0.025 mol) in pentane (30 mL) DBU (4.57 g, 0.03 mol) was
added dropwise at rt. The reaction mixture was stirred at room temperature (completion of the
reaction was monitored by °F NMR spectra). Pentane and volatile products were condensed
into a trap cooled with liquid nitrogen under reduced pressure. The pentane was distilled off
with a column, after which the mixture of (2)- and (E)-2-bromo-3-chloro-1,1,1,4,4,4-
hexafluorobut-2-enes (17a,b) was distilled at 78-79 °C, yield 5.41 g (78%). NMR spectra of (2)-2-
bromo-3-chloro-1,1,1,4,4,4-hexafluorobut-2-ene (17a): °F NMR (188.14 MHz, CDCl3): & = —
55.77 (g, >Jrr = 13.2 Hz, 3F), —=58.06 (q, Jrr = 13.2 Hz, 3F); 13C NMR (125.67 MHz, CDCl3): & =
118.19 (g, Yer = 276.5 Hz), 118.65 (q, Yer = 275.2 Hz), 122.14 (qq, 2Jcr = 41.5 Hz, 3Jc= 5 Hz),
133.04 (qq, %Jcr = 42.7 Hz, 3Jc= 5 Hz). NMR spectra of (E)-2-bromo-3-chloro-1,1,1,4,4,4-
hexafluorobut-2-ene (17b): 1°F NMR (188.14 MHz, CDCls): & = -59.28 (s, 3F), —61.35 (s, 3F); 13C
NMR (125.67 MHz, CDCls): 6 = 114.87 (qq, 2Jcr = 39 Hz, 3Jee= 2.5 Hz), 118.85 (q, Yer = 276.5 Hz),
118.99 (q, Yer = 276.5 Hz), 127.52 (qq, %Jcr = 39 Hz, 3Jer= 5 Hz). GCMS m/z: 275.9/277.9/279.9
[M]*, 256.8/258.8 [M-F]*, 206.8/208.8/210.8 [M-CF3]*, 196.9/198.9 [M-Br]*, 146.9/148.9 [M-

CF;Br]*, 69 [CF3]*.
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2. Copies of NMR and IR spectra of all new compounds
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Figure S1. 'H NMR of 2 (CDCls, 301.5 MHz).
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Figure S2. °F NMR of 2 (CDCls, 188.14 MHz).
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Figure S4. 'H NMR of 3a (CDCls, 400 MHz).
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Figure $10. 3C NMR of 3b (CDCl;, 125.67 MHz).
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Figure S11. 'H NMR of 5 (CDCls, 301.5 MHz).
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Figure S12. 1°F NMR of 5 (CDCls, 376.5 MHz).
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Figure S14. 3C NMR of 5 (CDCls, 125.67 MHz).
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Figure S15. 'H NMR of 6a, b (CDCls, 301.5 MHz).
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Figure S16. °F NMR of 6a, b (CDCls, 376.5 MHz).
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Figure S17. 3C NMR of 6a, b (CDCls, 150.8 MHz).
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Figure S18. 'H NMR of 7a, b (CDCls, 301.5 MHz).
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Figure $19. °F NMR of 7a, b (CDCls, 188.14 MHz).
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Figure $20. 3C NMR of 7a, b (CDCls, 125.67 MHz).
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Figure S21. 'H NMR of 11 (CDCls, 301.5 MHz).
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Figure $22. 1°F NMR of 11 (CDCls;, 376.5 MHz).
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Figure $23. 3C NMR of 11 (CDCls, 150.8 MHz).
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Figure S24. IR spectrum (neat) of 11.
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Figure $26. °F NMR of 13 (CDCls;, 376.5 MHz).
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Figure $27. 3C NMR of 13 (CDCls, 125.67 MHz).
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Figure $28. 'H NMR of 14a, b and 15 (CDCls, 301.5 MHz).

S24



Zv'zot
97201
T520T
g5zt
1920T

L \w
852, _ \ . ~ TL20T
L ErN SI20T
08'20T
O F T620T
S620T
TO0L —_ <] 00°€0T
—pe——— F
B O ' SO0E0T
9vE0T
F 2G0T
© ® ISE0T
c Fo 29€0T
©
9799 -_
799" (@) Fo
N - © |
L |
(@] o b
L - /
O F© i
— o I
LS F@ i

74

15

14a, b

6125

52

VS 0ET
CTEET
Y EET

E8Y-

SP2ST T~
SLVST

S8VST
STLST

Figure $29. 1°F NMR of 14a, b and 15 (CDCls, 188.14 MHz).
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Figure $32. 1°F NMR of 16 (CDCls, 188.14 MHz).
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Figure $34. °F NMR of 17a, b (CDCls, 188.14 MHz).
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Figure $35. 3C NMR of 17a, b (CDCls, 125.67 MHz).
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