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1. General Information

Unless otherwise noted, materials were purchased and used as received from Tokyo Chemical
Industry Co., Aldrich Inc., Alfa Aesar, and other commercial suppliers. Dichloromethane (CH2Cl)
was dried and distilled over CaH, under an argon atmosphere and stored in a nitrogen-filled
glovebox. Aziridines were dried and purified by column chromatography before use. All reactions
dealing with air- or moisture-sensitive compounds were carried out in a flame-dried, sealed
Schlenk reaction tube under an argon atmosphere. Thin layer chromatography (TLC) was
performed on glass plates coated with 0.25 mm 230-400 mesh silica gel and visualized under UV
light irradiation (254 nm) and/or staining with aqueous KMnOs stain. Manual column
chromatography was carried out on silica gel. NMR spectra were recorded on a Briiker Advance
600 (‘H: 600 MHz, *C:150 MHz, "°F: 565 MHz) and Briiker Advance 500 ('H: 500 MHz, *C:
125 MHz, '°F: 470 MHz) at ambient temperature. Data were reported as chemical shifts in ppm
relative to TMS (0.00 ppm) for 'H and CDCl; (77.0 ppm) for '3C. The following abbreviations
were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, qi = quintet,
m = multiplet, br = broad. High-resolution mass spectra (HRMS) were recorded on Magnetic
Sector High-Resolution Gas Chromatography-Mass Spectra and Q Exactive Focus (Thermal) by
using the ESI method.

2. Experimental Procedures and Characterization Data

2.1 Rhodium-catalyzed [3 + 3] cyclization reactions
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General procedure A: Experiments were set up inside a glovebox under an argon atmosphere. An
oven-dried glass screw-capped reaction tube was charged with trifluoromethyl vinyl
N-triftosylhydrazone (0.2 mmol), NaH (16.0 mg, 60 wt% dispersion in mineral oil, 0.4 mmol, 2.0
equiv) in CH2Cl; (3.0 mL). Then Rhx(esp)2 (3.0 mg, 2 mol%) and aziridine (0.4 mmol, 2.0 equiv)
were added. The tube was sealed and stirred at 60 °C for 12 h, after which time the reaction
mixture was cooled to room temperature and filtered through a short pad of silica gel using ethyl
acetate (EA) as an eluent. The volatiles was removed from the collected filtrate under reduced
pressure, and the resulting residue was purified via flash chromatography on silica gel (using

petroleum ether / EtOAc as eluent) to obtain pure products.
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(3) Prepared according to General Procedure A using trifluoromethyl vinyl N-triftosylhydrazone
derived from (F)-1,1,1-trifluoro-4-(p-tolyl)acrylaldehyde (87.2 mg, 0.2 mmol) and propyl
aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 3 (66.5 mg, 92% yield) as a colorless oil.
H NMR (500 MHz, CDCls) 8 7.40-7.29 (m, 7H), 7.26-7.23 (m, 1H), 7.13 (d, J = 7.0 Hz, 2H),
6.08 (d, J= 3.5 Hz, 1H), 5.25-5.18 (m, 2H), 3.84-3.77 (m, 1H), 3.64-3.55 (m, 2H), 2.22-2.16 (m,
1H), 1.85-1.77 (m, 1H).3C NMR (150 MHz, CDCls) & 154.20, 142.66, 135.65, 131.98 (q, J =
34.9 Hz), 128.91, 128.54, 128.46, 128.39, 127.49, 127.13, 124.09 (q, J = 3.6 Hz), 121.12 (q, J =
274.7 Hz), 68.39, 44.36, 39.51, 32.56. '°’F NMR (565 MHz, CDCls) 8 -61.94 (s, 3F). HRMS (ESI)
m/z calculated CooH;sF3NNaO, [M+Na]" 384.1177, found 384.1182.
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(5) Prepared according to General Procedure A using trifluoromethyl vinyl N-triftosylhydrazone
derived from (£)-1,1,1-trifluoro-4-(p-tolyl)but-3-en-2-one (87.3 mg, 0.2 mmol) and propyl
aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 5 (60.8 mg, 81% yield) as a colorless oil.
TH NMR (500 MHz, CDCls) & 7.40-7.33 (m, 5H), 8 7.13 (d, J = 8.0 Hz, 2H), 7.03 (d, /= 8.0 Hz,
2H), 6.06 (d, J = 3.5 Hz, 1H), 5.25-5.19 (m, 2H), 3.82-3.77 (m, 1H), 3.61-3.56 (m, 2H), 2.33 (s,
3H), 2.20-2.15 (m, 1H), 1.82-1.78 (m, 1H). 3C NMR (150 MHz, CDCls) & 154.20, 139.64,
136.79, 135.65, 131.75 (q, J = 35.0 Hz), 129.55, 128.52, 128.43, 128.36, 127.36, 124.33 (q, J =
3.6 Hz), 121.12 (q, J = 272.4 Hz), 68.36, 44.32, 39.08, 32.58, 21.01. ’F NMR (565 MHz, CDCl;)
8 -61.95 (s, 3F). HRMS (ESI) m/z calculated C,H20F3NNaO, [M+Na]® 398.1331, found
398.1338.
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(6) Prepared according to General Procedure A using trifluoromethyl vinyl N-triftosylhydrazone
derived from (E)-1,1,1-trifluoro-4-(4-isopropylphenyl)but-3-en-2-one (92.9 mg, 0.2 mmol) and
propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 6 (71.1 mg, 84% vyield) as a
colorless oil. '"H NMR (500 MHz, CDCls) & 7.40-7.34 (m, 5H), 7.18 (d, J = 8.0 Hz, 2H), 7.06 (d,
J=28.0 Hz, 2H), 6.08 (d, J = 3.0 Hz, 1H), 5.24-5.19 (m, 2H), 3.83-3.78 (m, 1H), 3.62-3.57 (m, 2H),
2.91-2.89 (m, 1H), 2.20-2.17 (m, 1H), 1.84-1.82 (m, 1H), 1.24 (d, J = 7.0 Hz, 6H). *C NMR (150
MHz, CDCls) 6 154.17, 147.75, 139.92, 135.62, 131.72 (q, J = 34.6 Hz), 128.48, 128.39, 128.31,
127.39, 126.87, 124.39 (q, J = 3.6 Hz), 121.09 (q, J = 272.3 Hz), 68.31, 44.30, 39.05, 33.70, 32.46,
23.94. YF NMR (565 MHz, CDCl3) & -61.94 (s, 3F). HRMS (ESI) m/z calculated
C23H24F3NNaO; [M+Na]"426.1651, found 426.1651.
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(7) Prepared according to General Procedure A using trifluoromethyl vinyl N-triftosylhydrazone
derived from (E)-4-([1,1'-biphenyl]-4-yl)-1,1,1-trifluorobut-3-en-2-one (99.7 mg, 0.2 mmol) and
propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 7 (85.7 mg, 98% yield) as a
colorless oil. '"H NMR (500 MHz, CDCl3) & 7.59-7.55 (m, 4H), 7.47-7.35 (m, 8H), 7.23 (d, J =
8.0 Hz, 2H), 6.13 (d, J = 3.5 Hz, 1H), 5.28-5.22 (m, 2H), 3.88-3.84 (m, 1H), 3.69-3.60 (m, 2H),
2.24-2.22 (m, 1H), 1.92-1.82 (m, 1H). *C NMR (150 MHz, CDCl3) § 154.22, 141.71, 140.66,
140.20, 135.68, 132.07 (q, J = 35.0 Hz), 128.88, 128.58, 128.51, 128.44, 127.96, 127.66, 127.43,
127.10, 124.00 (q, J = 3.8 Hz), 121.17 (q, J = 275.0 Hz), 68.46, 44.41, 39.20, 32.56. F NMR
(565 MHz, CDCl3) & -61.89 (s, 3F). HRMS (ESI) m/z calculated Cy6H22F3NNaO, [M+Na]
437.1633, found 460.1637.
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(8) Prepared according to General Procedure A using trifluoromethyl vinyl N-triftosylhydrazone
derived from (FE)-1,1,1-trifluoro-4-(4-fluorophenyl)but-3-en-2-one (88.1 mg, 0.2 mmol) and
propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 8 (68.3 mg, 90% yield) as a
colorless oil. 'H NMR (500 MHz, CDCls) § 7.40-7.33 (m, 5H), 7.11-7.08 (m, 2H), 7.07-6.98 (m,
2H), 6.04 (d, J = 3.5 Hz, 1H), 5.25-5.18 (m, 2H), 3.84-3.79 (m, 1H), 3.62-3.55 (m, 2H), 2.22-2.15
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(m, 1H), 1.80-1.72 (m, 1H). 3C NMR (150 MHz, CDCls) & 161.88 (q, J = 245.0 Hz), 154.12,
138.32, 135.58, 132.18 (q, J = 35.8 Hz), 128.94 (d, /= 7.8 Hz), 128.52, 128.47, 128.40, 123.69 (q,
J =3.6 Hz), 121.02 (q, J = 278.0 Hz), 115.73 (d, J = 21.0 Hz), 68.43, 44.32, 38.81, 32.68. I°F
NMR (565 MHz, CDCl3) & -62.03 (s, 3F), (-115.16)-(-115.51) (m, 1F). HRMS (ESI) m/z
calculated Cp0H;7FsNNaO; [M+Na]" 402.1097, found 402.1088.
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(9) Prepared according to General Procedure A using trifluoromethyl vinyl N-triftosylhydrazone
derived from (E)-4-(4-chlorophenyl)-1,1,1-trifluorobut-3-en-2-one (91.3 mg, 0.2 mmol) and
propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 9 (67.3 mg, 85% yield) as a
colorless oil. 'TH NMR (500 MHz, CDCls) § 7.42-7.33 (m, 5H), 7.28 (d, J = 8.5 Hz, 2H), 7.06 (d,
J=8.5Hz, 2H), 6.03 (d, /= 3.5 Hz, 1H), 5.24-5.18 (m, 2H), 3.84-3.78 (m, 1H), 3.61-3.53 (m, 2H),
2.21-2.16(m, 1H), 1.80-1.73 (m, 1H). *C NMR (150 MHz, CDCl;) & 154.08, 141.07, 135.54,
132.99, 132.36 (q, J = 34.6 Hz), 129.04, 128.79, 128.53, 128.47, 128.42, 123.29 (q, J = 4.0 Hz),
120.90 (d, J = 275.0 Hz), 68.46, 44.29, 38.92, 32.50. ’F NMR (565 MHz, CDCls) § -62.04 (s, 3F).
HRMS (ESI) m/z calculated C2H;7CIF3NNaO, [M+Na]" 418.0798, found 418.0792.
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(10) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-4-(4-bromophenyl)-1,1,1-trifluorobut-3-en-2-one (100.2 mg,
0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 10 (76.6 mg, 8§7%
yield) as a colorless oil. '"H NMR (500 MHz, CDCl3) & 7.43 (d, J = 8.5 Hz, 2H), 7.40-7.33 (m,
SH), 7.01 (d, J = 8.5 Hz, 2H), 6.02 (d, J = 3.5 Hz, 1H), 5.24-5.18 (m, 2H), 3.83-3.77 (m, 1H),
3.61-3.54 (m, 2H), 2.23-2.15 (m, 1H), 1.79-1.72 (m, 1H). 3C NMR (150 MHz, CDCls) & 154.07,
141.60, 135.54, 132.41(d, J = 35.5 Hz), 132.00, 129.16, 128.53, 128.48, 128.42, 123.17, 121.00,
120.97 (q, J = 277.0 Hz), 68.46, 44.28, 38.98, 32.44. '’F NMR (565 MHz, CDCl3) § -62.04 (s, 3F).
HRMS (ESI) m/z calculated C20H;7BrF3sNNaO, [M+Na]" 462.0288, found 462.0287.
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(11) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (F)-1,1,1-trifluoro-4-(4-(trifluoromethyl)phenyl)but-3-en-2-one
(96.1 mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 11 (67.0
mg, 78% yield) as a colorless oil. 'TH NMR (500 MHz, CDCls) & 7.57 (d, J = 8.0 Hz, 2H),
7.40-7.33 (m, 5H), 7.25 (d, J= 8.0 Hz, 2H), 6.04 (d, J= 3.5 Hz, 1H), 5.26-5.18 (m, 2H), 3.87-3.83
(m, 1H), 3.71-3.69 (m, 1H), 3.60-3.55 (m, 1H), 2.56-2.20 (m, 1H), 1.83-1.76 (m, 1H). 3C NMR
(150 MHz, CDCls) 8 154.03, 146.59, 135.48, 132.75 (q, J = 35.4 Hz), 129.56 (q, J = 33.0 Hz),
128.55, 128.52, 128.47, 127.85, 125.88 (q, J = 3.6 Hz), 124.02 (q, J = 272.0 Hz), 122.72 (q, J =
4.0 Hz), 120.94 (q, J = 274.0 Hz), 68.53, 44.28, 39.33, 32.37. F NMR (565 MHz, CDCl3) §
-62.04 (s, 3F), -61.54 (s, 3F). HRMS (ESI) m/z calculated C,1H;7FsNNaO, [M+H]" 452.1056,
found 452.1052.
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(12) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-4-(4,4,4-trifluoro-3-oxobut-1-en-1-yl)phenyl acetate (96.1 mg,
0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 12 (67.9 mg, 81%
yield) as a colorless oil. '"H NMR (500 MHz, CDCl3) & 7.41-7.30 (m, 5H), 7.15 (d, J = 8.5 Hz,
2H), 7.03 (d, J = 8.5 Hz, 2H), 6.06 (d, J = 3.5 Hz, 1H), 5.25-5.18 (m, 2H), 3.84-3.78 (m, 1H),
3.67-3.61 (m, 1H), 3.61-3.55 (m, 1H), 2.30 (s, 3H), 2.26-2.19 (m, 1H), 1.84-1.76 (m, 1H). 1*C
NMR (150 MHz, CDCIl3) & 169.49, 154.11, 149.66, 140.14, 135.57, 132.15 (q, J = 35.3 Hz),
128.53, 128.49, 128.46, 128.40, 123.66 (q, J = 3.8 Hz), 122.00, 121.03 (q, J = 274.0 Hz), 68.42,
44.28, 38.94, 32.51, 21.11. ¥F NMR (565 MHz, CDCl3) & -61.90 (s, 3F). HRMS (ESI) m/z
calculated C22H20F3sNNaO4 [M+Na]" 442.1237, found 442.1237.
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(13) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from methyl (£)-4-(4,4,4-trifluoro-3-oxobut-1-en-1-yl) benzoate (96.1
mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 13 (67.0 mg,
88% yield) as a colorless oil. "TH NMR (500 MHz, CDCls) § 7.98 (d, J = 8.0 Hz, 2H), 7.40-7.32
(m, 5H), 7.21 (d, J = 8.0 Hz, 2H), 6.06 (d, J = 3.5 Hz, 1H), 5.25-5.19 (m, 2H), 3.90 (s, 3H),
3.87-3.83 (m, 1H), 3.71-3.66 (m, 1H), 3.60-3.54 (m, 1H), 2.24-2.18 (m, 1H), 1.83-1.75 (m, 1H).
13C NMR (150 MHz, CDCls) § 166.71, 154.05, 147.76, 135.52, 132.53 (q, J = 35.0 Hz), 130.23,
129.13, 128.55, 128.48, 128.45, 127.51, 122.99 (q, J = 3.5 Hz), 121.00 (q, J = 274.0 Hz), 68.48,
52.15, 44.32, 39.48, 32.32. F NMR (565 MHz, CDCl3) & -61.95 (s, 3F). HRMS (ESI) m/z
calculated CoHpoF3NNaO4 [M+Na]* 442.1237, found 442.1237.
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(14) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-4-(3-chlorophenyl)-1,1,1-trifluorobut-3-en-2-one (91.3 mg,
0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 14 (66.1 mg, 88%
yield) as a colorless oil. '"H NMR (500 MHz, CDCls) & 7.42-7.30 (m, 5H), 7.26-7.22 (m, 2H),
7.13 (s, 1H), 7.05-6.97 (m, 1H), 6.03 (d, J = 3.5 Hz, 1H), 5.25-5.18 (m, 2H), 3.85-3.81 (m, 1H),
3.61-3.55 (m, 2H), 2.22-2.16 (m, 1H), 1.82-1.75 (m, 1H). 3C NMR (150 MHz, CDCls) & 154.04,
144.60, 135.51, 134.70, 132.48 (q, J = 35.0 Hz), 130.18, 128.55, 128.47, 128.43, 127.67, 127.38,
125.63, 122.95 (q, J = 4.0 Hz), 120.97 (q, J = 274.0 Hz), 68.49, 44.27, 39.20, 32.35. YF NMR
(565 MHz, CDCls) 6 -61.98 (s, 3F). HRMS (ESI) m/z calculated CooH;7CIF3NNaO;
[M+Na]418.0792, found 418.0784.
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(15) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-1,1,1-trifluoro-4-(3-(trifluoromethyl)phenyl)but-3-en-2-one
(96.1 mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 15 (78.1
mg, 91% yield) as a colorless oil. '"H NMR (500 MHz, CDCls) § 7.52 (d, J = 8.0 Hz, 1H), 7.44 (t,
J=28.0 Hz, 1H), 7.40-7.31 (m, 7H), 6.05 (d, J= 3.5 Hz, 1H), 5.25-5.19 (m, 2H), 3.86-3.84 (m, 1H),
3.72-3.68 (m, 1H), 3.61-3.56 (m, 1H), 2.26-2.20 (m, 1H), 1.84-1.77(m, 1H). 13C NMR (150 MHz,
CDCl3) 8 154.02, 143.54, 135.47, 132.73 (q, J = 34.0 Hz), 131.28 (q, J = 32.0 Hz), 130.75, 129.45,
128.55, 128.48, 128.45, 124.29 (q, J = 4.0 Hz), 124.09 (q, J = 4.0 Hz), 123.94 (q, J = 273.0 Hz),
122.67 (q, J = 4.0 Hz), 120.94 (q, J = 274.7 Hz), 68.54, 44.29, 39.39, 32.40. ’F NMR (565 MHz,
CDCl3) & -62.02 (s, 3F), -62.63 (s, 3F). HRMS (ESI) m/z calculated C»Hi7FsNNaO, [M+Na]"
452.1055, found 452.1045.
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(16) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-1,1,1-trifluoro-4-(m-tolyl)but-3-en-2-one (87.3 mg, 0.2 mmol)
and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 16 (69.1 mg, 91% yield) as a
colorless oil. "H NMR (500 MHz, CDCls) 8 7.39-7.34 (m, 5H), 7.22 (t, J = 7.5 Hz, 1H), 7.08 (d, J
=17.5 Hz, 1H), 6.98-6.95 (m, 2H), 6.09 (d, J = 3.5 Hz, 1H), 5.27-5.21 (m, 2H), 3.84-3.80 (m, 1H),
3.60-3.55 (m, 2H), 2.35 (s, 3H), 2.20-2.14 (m, 1H), 1.84-1.77 (m, 1H). 3C NMR (150 MHz,
CDCls) 6 154.20, 142.61, 138.62, 135.68, 131.81 (q, J = 35.0 Hz), 128.79, 128.54, 128.43, 128.38,
128.20, 127.88, 124.53, 124.26 (q, J = 4.0 Hz), 121.15 (q, J = 274.0 Hz), 68.37, 44.42, 39.48,
32.53, 21.43.F NMR (565 MHz, CDCl3) & -61.91 (s, 3F). HRMS (ESI) m/z calculated
C21H20F3NNaO> [M+Na]* 398.1329, found 398.1338.
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(17) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-4-(2-bromophenyl)-1,1,1-trifluorobut-3-en-2-one (100.2 mg,

0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 17 (86.3 mg, 98%
yield) as a colorless oil. "TH NMR (500 MHz, CDCls) & 7.58-7.56 (m, 1H), 7.41-7.34 (m, 5H),
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7.29-7.26 (m, 1H), 7.14-7.09 (m, 2H), 6.04 (d, J = 3.5 Hz, 1H), 5.26-5.20 (m, 2H), 4.11-4.07 (m,
1H), 3.79-3.77 (m, 1H), 3.65-3.60 (m, 1H), 2.35-2.28 (m, 1H), 1.72-1.69 (m, 1H). 3C NMR (150
MHz, CDCls) § 154.08, 141.61, 135.59, 133.26, 132.89 (q, J = 35.5 Hz), 128.74, 128.61, 128.55,
128.48, 128.42, 127.97, 124.07, 123.17 (q, J = 4.0 Hz), 121.08 (q, J = 274.5 Hz), 63.44, 44.23,
38.83, 30.47. F NMR (565 MHz, CDCL) & -61.93 (s, 3F). HRMS (ESI) m/z calculated
Ca0H7BrFsNNaO, [M+Na]" 464.0374, found 464.0370.
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(18) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-1,1,1-trifluoro-4-(2-methoxyphenyl)but-3-en-2-one (90.5 mg,
0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 17 (64.1 mg, 82%
yield) as a colorless oil. '"H NMR (500 MHz, CDCls) & 7.40-7.30 (m, 5H), 7.25-7.22 (m, 1H),
7.03-7.00 (m, 1H), 6.92-6.86 (m, 2H), 6.05 (d, J = 3.5 Hz, 1H), 5.24-5.18 (m, 2H), 4.01-3.97 (m,
1H), 3.80 (s, 3H), 3.77-3.72 (m, 1H), 3.63-3.58 (m, 1H), 2.21-2.15 (m, 1H), 1.79 -1.71 (m, 1H).
13C NMR (125 MHz, CDCls)  156.67, 154.28, 135.73, 131.91 (q, J = 34.0 Hz), 130.71, 128.50,
128.40, 128.31, 128.18, 128.09, 124.64 (q, J = 4.0 Hz), 121.19 (q, J = 276.0 Hz), 120.66, 68.25,
55.30, 44.48, 33.20, 30.30. F NMR (565 MHz, CDCl3) & -61.90 (s, 3F). HRMS (ESI) m/z
calculated Cp1HpoF3NNaO; [M+Na]™ 414.1279, found 414.1287.
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(19) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-(o-tolyl)but-3-en-2-one (87.3 mg, 0.2 mmol)
and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 19 (68.3 mg, 91% yield) as a
colorless oil. '"H NMR (500 MHz, CDCl3) 6 7.41-7.33 (m, 5H), 7.17-7.15 (m, 3H), 7.04-7.00 (m,
1H), 6.06 (d, J = 3.4 Hz, 1H), 5.26-5.20 (m, 2H), 3.84-3.80 (m, 1H), 3.78-3.73 (m, 1H), 3.66-3.61
(m, 1H), 2.33 (s, 3H), 2.23-2.16 (m, 1H), 1.74-1.67 (m, 1H). 3C NMR (150 MHz, CDCls)
154.22, 140.78, 135.65, 135.26, 132.21 (q, J = 35.0 Hz), 130.83, 128.52, 128.44, 128.37, 127.24,
127.06, 126.52, 124.51 (q, J = 4.4 Hz), 121.14 (q, J=272.0 Hz), 68.37, 44.12, 35.79, 30.83, 19.23.
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YF NMR (565 MHz, CDCl;3) 8§ -61.98 (s, 3F). HRMS (ESI) m/z calculated Ca1H20F3NNaO,
[M+Na]" 398.1338, found 398.1336.
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(20) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-4-(3,5-dimethoxyphenyl)-1,1,1-trifluorobut-3-en-2-one (96.5
mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 20 (75.0 mg,
89% yield) as a colorless oil. '"H NMR (500 MHz, CDCI3) 8 7.39-7.34 (m, 5H), 6.35 (t, J= 2.0 Hz,
1H), 6.29 (d, J=2.0 Hz, 2H), 6.06 (d, J = 3.5 Hz, 1H), 5.24-5.19 (m, 2H), 3.81-3.72 (m, 1H), 3.75
(s, 6H), 3.62-3.53 (m, 1H), 2.21-2.14 (m, 1H), 1.85-1.79 (m, 1H). 3C NMR (125 MHz, CDCls) &
161.16, 154.13, 145.07, 135.61, 131.96 (q, J = 35.0 Hz), 128.52, 128.42, 128.37, 123.80 (q, J =
4.0 Hz), 121.08 (q, J = 275.0 Hz), 105.73, 98.60, 68.39, 55.32, 44.33, 39.54, 32.28. 1°F NMR (565
MHz, CDCl3) 8 -61.93 (s, 3F). HRMS (ESI) m/z calculated C2oH22F3sNNaO4 [M+Na]" 444.1401,
found 444.1393.
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(21) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-4-(2-bromo-4-chlorophenyl)-1,1,1-trifluorobut-3-en-2-one
(107.1 mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 21 (85.4
mg, 90% yield) as a colorless oil. "TH NMR (500 MHz, CDCls) & 7.58 (d, J = 2.0 Hz, 1H),
7.39-7.32 (m, 5H), 7.25-7.23 (m, 1H), 7.01 (d, J= 8.5 Hz, 1H), 5.98 (d, /= 3.5 Hz, 1H), 5.24-5.18
(m, 2H), 4.06-4.02 (m, 1H), 3.78-3.76 (m, 1H), 3.63-3.58 (m, 1H), 2.32-2.25 (m, 1H), 1.68-1.61
(m, 1H). 3C NMR (150 MHz, CDCl3) & 153.98, 140.20, 135.49, 133.70, 133.25(q, J = 35.0 Hz),
132.82, 129.39, 128.55, 128.51, 128.46, 128.18, 124.26, 122.46 (q, J = 4.2 Hz), 121.96 (q, J =
274.5 Hz), 68.52, 44.18, 38.35, 30.38. '°’F NMR (565 MHz, CDCls) 8 -62.00 (s, 3F). HRMS (ESI)
m/z calculated C20H;6BrCIF3NNaO; [M+Na]" 495.9902, found 495.9897.
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(22) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-mesitylbut-3-en-2-one (92.9 mg, 0.2 mmol)
and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 22 (67.0 mg, 83% yield) as a
colorless oil. '"H NMR (500 MHz, CDCl3) 8 7.39-7.29 (m, 5H), 6.81 (s, 2H), 6.05 (d, J = 3.5 Hz,
1H), 5.27 (d, J = 12.0 Hz, 1H), 5.16 (d, J = 12.0 Hz, 1H), 4.46-4.42 (m, 1H), 4.04-3.98 (m, 1H),
3.23-3.17 (m, 1H), 2.37-2.07 (m, 9H), 2.05-1.96 (m, 1H), 1.95-1.85 (m, 1H). 13C NMR (150 MHz,
CDCl3) & 154.31, 136.52, 135.73, 134.10, 130.71 (d, J = 35.4 Hz), 128.48, 128.43, 128.32, 126.64
(g, J=3.6 Hz), 121.12 (d, J = 275.0 Hz), 68.22, 46.35, 36.64, 28.01, 20.67. ’F NMR (565 MHz,
CDCls) 6 -62.38 (s, 3F). HRMS (ESI) m/z calculated C23H24F3NNaO> [M+Na]" 426.1651, found

426.1659.

(23) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-4-(9H-fluoren-3-yl)-1,1,1-trifluorobut-3-en-2-one (100.3 mg,
0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 23 (71.9 mg, 80%
yield) as a colorless oil. 'H NMR (500 MHz, CDCls) § 7.78 (d, J = 7.5 Hz, 1H), 7.73 (d, J= 7.5
Hz, 1H), 7.55 (d, J=7.5 Hz, 1H), 7.44-7.29 (m, 8H), 7.16 (d, /=7.5 Hz, 1H), 6.16 (d, J= 3.5 Hz,
1H), 5.29-5.23 (m, 2H), 3.93-3.80 (m, 3H), 3.74-3.65 (m, 1H), 3.65-3.58 (m, 1H), 2.29-2.14 (m,
1H), 1.92-1.84 (m, 1H). ¥C NMR (150 MHz, CDCls) 6 154.23, 144.02, 143.25, 141.25, 140.86,
135.69, 131.89 (q, J = 35.0 Hz), 128.60 (q, J = 7.5 Hz), 128.44 (q, J = 7.5 Hz), 128.22, 126.85,
126.81, 126.25, 125.09, 124.34 (q, J = 4.0 Hz), 124.10, 121.20 (q, J = 274.5 Hz), 120.18, 119.89,
68.42,44.49, 39.70, 36.90, 32.82. F NMR (565 MHz, CDCls) § -61.81 (s, 3F). HRMS (ESI) m/z
calculated C7H2,F3NNaO, [M+Na]* 472.1494, found 472.1495.




(24) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-1,1,1-trifluoro-4-(naphthalen-2-yl)but-3-en-2-one (94.5 mg,
0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 24 (71.6 mg, 87%
yield) as a colorless oil. "TH NMR (500 MHz, CDCl;3) & 7.83-7.78 (m, 3H), 7.56 (s, 1H), 7.50-7.46
(m, 2H), 7.41-7.32 (m, 5H), 7.27-7.25 (m, 1H), 6.18 (d, J = 3.5 Hz, 1H), 5.27-5.21 (m, 2H),
3.88-3.83 (m, 1H), 3.82-3.26 (m, 1H), 3.66-3.60 (m, 1H), 2.29-2.23 (m, 1H), 1.94-1.88 (m, 1H).
13C NMR (150 MHz, CDCls) & 154.18, 139.97, 135.64, 133.46, 132.50, 132.19 (q, J = 34.5 Hz),
128.78, 128.53, 128.44, 128.38, 127.68, 127.66, 126.40, 125.96, 125.94, 125.71, 123.89 (q, J =
4.0 Hz), 121.12 (q, J = 270.6 Hz), 68.42, 44.34, 39.57, 32.42. YF NMR (565 MHz, CDCls) &
-61.92 (s, 3F). HRMS (ESI) m/z calculated Co4H20F3NNaO, [M+Na]* 434.1347, found 434.1338.

(25) Prepared according to General Procedure A wusing ftrifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-4-(1-bromonaphthalen-2-yl)-1,1,1-trifluorobut-3-en-2-one
(110.3 mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 25 (84.3
mg, 86% yield) as a colorless oil. "H NMR (500 MHz, CDCls) 6 8.32 (d, J = 8.5 Hz, 1H), 7.81 (d,
J = 8.1 Hz, 1H), 7.76 (d, J = 8.5 Hz, 1H), 7.61 (t, J = 7.5 Hz, 1H), 7.52 (t, J = 7.5 Hz, 1H),
7.50-7.27 (m, 5H), 7.20 (d, J= 8.5 Hz, 1H), 6.11 (d, J= 3.5 Hz, 1H), 5.29-5.22 (m, 2H), 4.51-4.45
(m, 1H), 4.02-4.00 (m, 1H), 3.59-3.53 (m, 1H), 2.42-2.35 (m, 1H), 1.81-1.73 (m, 1H). BC NMR
(150 MHz, CDCIl3) 6 154.14, 139.28, 135.61, 133.71, 132.89 (d, J = 35.0 Hz), 132.54, 128.56,
128.48, 128.43, 128.18, 127.83, 127.59, 126.62, 125.33, 123.91, 123.63 (q, J = 3.6 Hz), 121.08 (d,
J =274.0 Hz), 68.48, 44.90, 40.24, 30.65. ’F NMR (565 MHz, CDCl3) & -61.96 (s, 3F). HRMS
(ESI) m/z calculated C24H9BrF3sNNaO, [M+Na]" 512.0449, found 512.0451.
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(26) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-(thiophen-2-yl)but-3-en-2-one (85.7 mg, 0.2
mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 26 (59.5 mg, 81% yield)
as a colorless oil. '"H NMR (500 MHz, CDCls) § 7.41-7.30 (m, 5H), 7.20-7.19 (m, 1H), 6.95-6.93

(m, 1H), 6.81 (d, J = 3.5 Hz, 1H), 6.11 (d, J = 3.5 Hz, 1H), 5.20 (s, 2H), 3.93-3.86 (m, 1H),
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3.82-3.76 (m, 1H), 3.63-3.58 (m, 1H), 2.23-2.16 (m, 1H), 1.97-1.90 (m, 1H). 3C NMR (150 MHz,
CDCls) § 153.96, 145.80, 135.50, 131.47 (q, J = 35.0 Hz), 128.53, 128.48, 128.41, 127.01, 124.44,
124.32, 122.85 (q, J = 3.5 Hz), 121.00 (q, J = 274.2 Hz), 68.48, 43.56, 34.22, 32.45. 1F NMR
(565 MHz, CDCls) 8 -61.88 (s, 3F). HRMS (ESI) m/z calculated CisH;6FsNNaO,S [M+Na]"
390.0746, found 390.0741.
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(27) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-1,1,1-trifluoro-4-(furan-2-yl)but-3-en-2-one (82.5 mg, 0.2
mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 27 (51.3 mg, 73% yield)
as a colorless oil. 'H NMR (500 MHz, CDCl3) § 7.38-7.31 (m, 6H), 6.29 (dd, J= 3.1, 1.9 Hz, 1H),
6.09 (d, J=3.5 Hz, 1H), 6.02 (d, J= 3.1 Hz, 1H), 5.22-5.17 (m, 2H), 3.85-3.78 (m, 1H), 3.71-3.67
(m, 1H), 3.54-3.50 (m, 1H), 2.14-2.07 (m, 1H), 2.03-1.97 (m, 1H). *C NMR (150 MHz, CDCI3) &
154.73, 153.94, 141.99, 135.48, 132.04 (q, J = 35.5 Hz), 128.51, 128.47, 128.39, 120.96 (q, J =
274.0 Hz), 120.77 (q, J = 4.5 Hz), 110.26, 105.77, 68.45, 43.48, 32.70, 28.51. ’F NMR (565
MHz, CDCI3) & -61.98 (s, 3F). HRMS (ESI) m/z calculated CisHi6F3NNaOs; [M+Na]" 374.0974,
found 374.0973.
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(28) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-4-(5-bromofuran-2-yl)-1,1,1-trifluorobut-3-en-2-one (98.2 mg,
0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 29 (74.8 mg, 87%
yield) as a colorless oil. 'TH NMR (500 MHz, CDCls) & 7.40-7.33 (m, 5H), 6.22 (d, J = 3.3 Hz,
1H), 6.05 (d, J = 3.5 Hz, 1H), 6.02 (d, J = 3.5 Hz, 1H), 5.22-5.17 (m, 2H), 3.84-3.79 (m, 1H),
3.69-3.64 (m, 1H), 3.54-3.49 (m, 1H), 2.15-2.08 (m, 1H), 2.03-1.96 (m, 1H). 13C NMR (150 MHz,
CDCl3) 6 156.67, 153.83, 135.41, 132.56 (q, J = 35.0 Hz), 128.53, 128.50, 128.44, 121.00, 120.87
(g, J = 274.2 Hz), 119.66 (q, J = 3.8 Hz), 111.94, 108.71, 68.53, 43.32, 32.79, 28.35. YF NMR
(565 MHz, CDCl3) & -61.94 (s, 3F). HRMS (ESI) m/z calculated C;sH;sBrFsNNaOs; [M+Na]"
452.0080, found 452.0078.
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(29) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-4-(benzo[b]thiophen-3-yl)-1,1,1-trifluorobut-3-en-2-one (95.7
mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 28 (56.8 mg,
68% yield) as a colorless oil. "H NMR (500 MHz, CDCl3) & 7.90-7.86 (m, 1H), 7.73-7.70 (m, 1H),
7.41-7.33 (m, 7H), 7.06 (s, 1H), 6.19 (d, J = 3.5 Hz, 1H), 5.26-5.20 (m, 2H), 4.05-3.99 (m, 1H),
3.87-3.82 (m, 1H), 3.57-3.51 (m, 1H), 2.27-2.21 (m, 1H), 1.98-1.92 (m, 1H). 3C NMR (150 MHz,
CDCl3) 6 154.07, 140.88, 137.23, 136.92, 135.54, 132.36 (q, J = 35.1 Hz), 128.56, 128.50, 128.44,
124.69, 124.29, 123.26, 122.99, 122.52 (d, J = 3.8 Hz), 121.26, 121.08 (d, J = 274.0 Hz), 68.49,
43.57, 33.04, 29.75. °’F NMR (565 MHz, CDCl3) 8 -61.77 (s, 3F). HRMS (ESI) m/z calculated
C24H20F3NNaO> [M+Na] * 434.1338, found 434.1333.

(30) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-4-(2-chloroquinolin-3-yl)-1,1,1-trifluorobut-3-en-2-one
(101.6 mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 30 (78.6
mg, 88% yield) as a colorless oil. "TH NMR (500 MHz, CDCls) & 8.00 (d, J = 8.5 Hz, 1H), 7.84 (s,
1H), 7.78 (d, J = 8.0 Hz, 1H), 7.75-7.70 (m, 1H), 7.59-7.55 (m, 1H), 7.45-7.29 (m, 5H), 6.11 (d, J
= 3.5 Hz, 1H), 5.26-5.21 (m, 2H), 4.22-4.16 (m, 1H), 3.76-3.70 (m, 2H), 2.47-2.40 (m, 1H),
1.84-1.77 (m, 1H). 3C NMR (150 MHz, CDCl3) & 153.91, 150.25, 146.71, 136.63, 135.41,
134.23, 133.87 (q, J = 35.0 Hz), 130.54, 128.58, 128.51, 128.27, 127.50, 127.41, 127.18, 121.47
(g, J=4.0 Hz), 120.96 (q, J = 274.0 Hz), 68.60, 43.85, 36.12, 30.22. '°’F NMR (565 MHz, CDCl;)
5 -61.86 (s, 3F). HRMS (ESI) m/z calculated Cp3HisCIFsNoNaO, [M+Na]® 469.0901, found
469.0893.




(31) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-1,1,1-trifluoronon-3-en-2-one (83.3 mg, 0.2 mmol) and
propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 31 (54.7 mg, 77% yield) as a
colorless oil. '"H NMR (500 MHz, CDCl3) 8 7.40-7.29 (m, 5H), 5.95 (d, J = 3.5 Hz, 1H), 5.17 (s,
2H), 3.77-3.72 (m, 1H), 3.48-3.38 (m, 1H), 2.37-2.22 (m, 1H), 1.99-1.83 (m, 1H), 1.53-1.45 (m,
1H), 1.45-1.37 (m, 1H), 1.36-1.22 (m, 7H), 0.89 (t, /= 7.0 Hz, 3H). 3C NMR (150 MHz, CDCl3)
0 154.19, 135.73, 130.40 (q, J = 35.0 Hz), 128.46, 128.37, 128.38, 126.37 (q, J = 4.0 Hz), 121.15
(q, J = 274.0 Hz), 68.19, 44.55, 34.89, 33.44, 31.75, 29.36, 26.51, 22.52, 14.01. ’F NMR (565
MHz, CDCl3) 8 -61.96 (s, 3F). HRMS (ESI) m/z calculated C19H24F3NNaO, [M+Na]" 378.1651,
found 378.1641.
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(32) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-1,1,1-trifluoro-6-phenylhex-3-en-2-one (90.1 mg, 0.2 mmol)
and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 32 (61.5 mg, 79% yield) as a
colorless oil. '"H NMR (500 MHz, CDCls) § 7.38-7.30 (m, 5H), 7.30-7.24 (m, 2H), 7.21-7.15 (m,
3H), 5.96 (d, J = 3.5 Hz, 1H), 5.20-5.16 (m, 2H), 3.83-3.78 (m, 1H), 3.45-3.39 (m, 1H), 2.72-2.61
(m, 2H), 2.37-2.29 (m, 1H), 1.98-1.95 (m, 1H), 1.81-1.76 (m, 1H), 1.69-1.61 (m, 1H), 1.60-1.53
(m, 1H). 3C NMR (125 MHz, CDCl3) 8154.14, 141.27, 135.67, 130.79 (q, J = 35.0 Hz), 128.54,
128.50, 128.42, 128.33, 126.13, 125.74 (q, J = 4.0 Hz), 121.09 (q, J = 274.0 Hz), 68.27, 44.54,
36.49, 33.01, 32.80, 29.24. YF NMR (565 MHz, CDCls) & -61.96 (s, 3F). HRMS (ESI) m/z
calculated C22H2,F3NNaO, [M+Na]" 412.1534, found 412.1538.

(33) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-5,5,5-trifluoro-4-oxopent-2-en-1-yl benzoate (96.1 mg, 0.2
mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 33 (67.1 mg, 80% yield)
as a colorless oil. '"H NMR (500 MHz, CDCls) & 8.04-7.98 (m, 2H), 7.58 (t, J = 7.5 Hz, 1H), 7.44
(t, J=17.5 Hz, 2H), 7.38-7.30 (m, SH), 6.04 (d, J = 3.5 Hz, 1H), 5.21-5.15 (m, 2H), 4.32-4.23 (m,
2H), 3.75-7.71 (m, 1H), 3.65-3.60 (m, 1H), 2.89-2.82 (m, 1H), 2.05-1.99 (m, 1H), 1.78-1.72 (m,

1H). 3C NMR (150 MHz, CDCls) & 166.29, 153.94, 135.44, 133.28, 132.91 (q, J = 35.0 Hz),
S15



129.71, 129.59, 128.52, 128.46, 128.40, 121.31 (q, J = 4.5 Hz), 120.85 (q, J = 274.0 Hz), 68.48,
66.51, 44.00, 33.11, 26.49. F NMR (565 MHz, CDCls) & -62.16 (s, 3F). HRMS (ESI) m/z
calculated CoH20F3NNaO4 [M+Na]" 442.1237, found 442.1235.

(34) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from ethyl (2F,4FE)-7,7,7-trifluoro-3-methyl-6-oxohepta-2,4-dienoate
(91.7 mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 35 (69.9
mg, 88% yield) as a colorless oil. 'TH NMR (500 MHz, CDCls) § 7.36-7.33 (m, 5H), 5.87 (d, J =
3.5 Hz, 1H), 5.61 (s, 1H), 5.21-5.16 (m, 2H), 4.15 (q, J = 7.0 Hz, 2H), 3.75-3.72 (m, 1H),
3.56-3.47 (m, 1H), 3.07-7.01 (m, 1H), 2.12 (s, 3H), 2.03-1.93 (m, 1H), 1.72-1.68 (m, 1H), 1.28 (t,
J =7.0 Hz, 3H). 13C NMR (150 MHz, CDCIs) § 166.26, 158.08, 153.90, 135.46, 133.02 (q, J =
35.0 Hz), 128.52, 128.44, 128.41, 121.78 (q, J = 4.0 Hz), 120.71 (q, J = 274.5 Hz, 2H), 117.70,
68.47, 59.94, 44.02, 42.87, 28.23, 17.46, 14.27. YF NMR (565 MHz, CDCls) § -62.11 (s, 3F).
HRMS (ESI) m/z calculated C20H22F3sNNaO4 [M+Na]™ 420.1433, found 420.1439.
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(35) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (3E,5F)-1,1,1-trifluoro-6-phenylhexa-3,5-dien-2-one (89.7 mg,
0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 36 (69.7 mg, 90%
yield) as a colorless oil. 'H NMR (500 MHz, CDCl3) 8 7.39-7.28 (m, 9H), 7.25-7.21 (m, 1H), 6.40
(d, J=16.0 Hz, 1H), 6.07 (dd, J = 16.0 Hz, 7.5 Hz, 1H), 5.99 (d, J = 3.5 Hz, 1H), 5.22-5.17 (m,
2H), 3.72-3.68 (m, 1H), 3.66-.61 (m, 1H), 3.23-3.16 (m, 1H), 2.07-2.01 (m, 1H), 1.78-1.72 (m,
1H). 3C NMR (150 MHz, CDCl3) & 154.08, 136.65, 135.56, 131.40 (q, J = 34.5 Hz), 131.38,
130.07, 128.64, 128.52, 128.48, 128.38, 127.72, 126.25, 123.38 (q, J = 4.0 Hz), 121.04 (q, J =
274.0 Hz), 68.41, 43.77, 36.51, 29.59 ppm. F NMR (565 MHz, CDCl;) & -61.86 (s, 3F). HRMS
(ESI) m/z calculated CoH20F3NNaO, [M+Na]* 410.1338, found 410.1329.
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(36) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (3E,5E,7F)-1,1,1-trifluoro-8-phenylocta-3,5,7-trien-2-one (94.9
mg, 0.2 mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 37 (69.4 mg,
84% yield) as a colorless oil. 'TH NMR (500 MHz, CDCl3) & 7.39-7.28 (m, 9H), 7.24-7.21 (m, 1H),
6.72 (dd, J=15.7, 10.4 Hz, 1H), 6.52 (d, J= 15.7 Hz, 1H), 6.20 (dd, J = 15.2, 10.4 Hz, 1H), 5.95
(d, J = 3.5 Hz, 1H), 5.68 (dd, J = 15.2, 7.5 Hz, 1H), 5.19 (s, 2H), 3.64 (t, J = 5.4 Hz, 2H),
3.16-3.08 (m, 1H), 2.04-1.97 (m, 1H), 1.73-1.66 (m, 1H). *C NMR (150 MHz, CDCI3) § 153.03,
136.06, 134.54, 133.07, 131.44, 130.72, 130.29 (q, J = 35.0 Hz), 127.62, 127.48, 127.43, 127.34,
127.09, 126.61, 125.32, 122.21 (q, J = 4.0 Hz), 120.00 (d, J = 274.0 Hz), 67.35, 42.67, 35.22,
28.52. YF NMR (565 MHz, CDCl3) & -61.87 (s, 3F). HRMS (ESI) m/z calculated
C24H22F3NNaO; [M+Na]* 436.1495, found 436.1499.
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(37) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (F)-1,1,1-trifluoro-6-phenylhex-3-en-5-yn-2-one (89.3mg, 0.2
mmol) and propyl aziridine-1-carboxylate 2 (70.9 mg, 0.4 mmol) afforded 38 (54.7 mg, 71% yield)
as a colorless oil. "TH NMR (500 MHz, CDCl3) § 7.40-7.32 (m, 7H), 7.31-7.27 (m, 3H), 6.04 (d, J
= 3.5 Hz, 1H), 5.23-5.15 (m, 2H), 3.85-3.80 (m, 1H), 3.68-3.63 (m, 1H), 3.53-3.48 (s, 1H),
2.13-2.02 (m, 2H). 3C NMR (150 MHz, CDCls) & 153.84, 135.42, 131.67, 131.22 (q, J = 35.0
Hz), 128.53, 128.43, 128.31, 122.77, 120.89 (q, J = 274.0 Hz), 120.57 (q, J = 4.0 Hz), 88.20,
82.43, 68.53, 43.66, 29.93, 26.01. 'F NMR (565 MHz, CDCl;3) & -62.02 (s, 3F). HRMS (ESI) m/z
calculated C»,H;sF3sNNaO, [M+Na]" 408.1182, found 408.1184.

(38) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-

triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)

and aziridine (51.7 mg, 0.4 mmol) afforded 42 (59.5 mg, 95% yield) as a colorless oil. 'H NMR
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(500 MHz, CDCl3) 8 7.33 (t,J = 7.5 Hz, 2H), 7.28-7.24 (m, 1H), 7.16 (d, J = 7.5 Hz, 2H), 6.07 (d,
J=3.5Hz, 1H), 4.14 (t, J= 7.0 Hz, 2H), 3.82-3.78 (m, 1H), 3.66-3.55 (m, 2H), 2.24-2.18 (m, 1H),
1.88-1.79 (m, 1H), 1.76-1.66 (m, 2H), 0.97 (t, J = 7.5 Hz, 3H). 3C NMR (150 MHz, CDCI3) &
154.50, 142.78, 132.10 (q, J = 34.7 Hz), 128.88, 127.47, 127.09, 123.62 (q, J = 4.0 Hz), 121.18 (q,
J =272.5 Hz), 68.40, 44.12, 39.52, 32.54, 21.97, 10.23. ’F NMR (565 MHz, CDCls) § -62.03 (s,
3F). HRMS (ESI) m/z calculated Ci6H;sF3NNaO, [M+Na]" 336.1183, found 336.1182.

JOJ\
7
Ph CF4

(39) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (57.3 mg, 0.4 mmol) afforded 43 (46.5 mg, 71% yield) as a colorless oil. 'H NMR
(500 MHz, CDCl3) 8 7.34 (t, J = 7.5 Hz, 2H), 7.26 (t, J = 7.5 Hz, 1H), 7.17 (d, J = 7.5 Hz, 2H),
6.09 (d, J= 3.5 Hz, 1H), 4.02-3.93 (m, 2H), 3.84-3.80 (m, 1H), 3.68-3.55 (m, 2H), 2.26-2.17 (m,
1H), 2.04-1.96 (m 1H), 1.97-1.80 (m, 1H), 0.96 (d, J = 6.5 Hz, 6H). 3C NMR (150 MHz, CDCls)
0 154.56, 142.75, 132.19 (q, J = 35.0 Hz), 128.88, 127.45, 127.09, 123.83 (q, / = 4.0 Hz), 121.14
(q,J =272.0 Hz), 72.95, 44.29, 39.55, 32.59, 27.80, 18.97, 18.96. YF NMR (565 MHz, CDCls) &
-62.07 (s, 3F). HRMS (ESI) m/z calculated C17H20F3NNaO, [M+Na]* 350.1344, found 350.1338.

0
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(40) Prepared according to General Procedure A wusing trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (51.7 mg, 0.4 mmol) afforded 44 (60.8 mg, 97% yield) as a colorless oil. '"H NMR
(500 MHz, CDCl3) 6 7.33 (t, J = 7.5 Hz, 2H), 7.26 (t, J = 7.5 Hz, 1H), 7.17 (d, J = 7.5 Hz, 2H),
6.05 (d, J = 3.5 Hz, 1H), 5.05-4.96 (m, 1H), 3.81-3.74 (m, 1H), 3.66-3.54 (m, 2H), 2.24-2.16 (m,
1H), 1.86-1.77 (m 1H), 1.30 (d, J = 6.0 Hz, 3H), 1.29 (d, J = 6.0 Hz, 3H). 3C NMR (150 MHz,
CDCls) 6 153.99, 142.88, 132.17 (q, J = 35.0 Hz), 128.87, 127.47, 127.06, 123.33 (q, J = 3.6 Hz),
121.22 (q, J = 274.0 Hz), 70.65, 43.90, 39.49, 32.53, 21.74, 21.67. Y’F NMR (565 MHz, CDCl;) &
-61.70 (s, 3F). HRMS (ESI) m/z calculated CisHisF3sNNaO> [M+Na]* 336.1183, found 336.1182.
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(41) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (62.1 mg, 0.4 mmol) afforded 45 (60.8 mg, 97% yield) as a colorless oil. '"H NMR
(500 MHz, CDCl3) § 7.33 (t, J = 7.5 Hz, 2H), 7.26 (t, J = 7.5 Hz, 1H), 7.16 (d, J = 7.5 Hz, 2H),
6.05 (d, J= 3.5 Hz, 1H), 5.24-5.16 (m, 1H), 3.79-3.75 (m, 1H), 3.67-3.61 (m, 1H), 3.60-3.51 (m,
1H), 2.24-2.15 (m, 1H), 1.93-1.70 (m, 7H), 1.66-1.53 (m, 2H). ¥*C NMR (150 MHz, CDCl3) &
154.27, 142.83, 132.13 (q, J = 34.8 Hz), 128.85, 127.44, 127.04, 123.44 (q, J = 4.0 Hz), 121.16 (q, J
=274.0 Hz), 79.91, 44.01, 39.47, 32.59, 32.52, 32.49, 23.60. ’F NMR (565 MHz, CDCl;) & -61.85
(s, 3F). HRMS (ESI) m/z calculated CisH20F3NNaO> [M+Na]" 362.1338, found 362.1319.
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(42) Prepared according to General Procedure A using trifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (87.4 mg, 0.4 mmol) afforded 46 (66.8 mg, 83% yield) as a colorless oil. '"H NMR
(500 MHz, CDCls) & 7.33 (t, J = 7.5 Hz, 2H), 7.26 (t, J = 7.5 Hz, 1H), 7.20-7.06 (m, 2H), 6.20 (d,
J=13.5Hz, 1H), 4.89 (d, J= 12.0 Hz, 1H), 4.82 (d, = 12.0 Hz, 1H), 3.95-3.91 (m, 1H), 3.70-3.61
(m, 2H), 2.30-2.24 (m, 1H), 1.92-1.85 (m, 1H). 3C NMR (150 MHz, CDCl3) & 152.53, 142.23,
131.61 (q, J = 35.0 Hz), 128.99, 127.45, 127.27, 125.51 (q, J = 3.5 Hz), 120.88 (q, J = 274.0 Hz),
94.93, 75.48, 45.03, 39.55, 32.68. ’F NMR (565 MHz, CDCIs) § -62.06 (s, 3F). HRMS (ESI) m/z
calculated CisH3CIsFsNNaO, [M+Na]" 423.9856, found 423.9851.
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(43) Prepared according to General Procedure A wusing ftrifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (59.8 mg, 0.4 mmol) afforded 47 (62.1 mg, 93% yield) as a colorless oil. '"H NMR
(500 MHz, CDCl3) 6 7.33 (t, J= 7.5 Hz, 2H), 7.26 (t, J = 7.5 Hz, 1H), 7.17 (d, J = 7.5 Hz, 2H),
6.12 (d, J=3.5 Hz, 1H), 4.47-4.39 (m, 2H), 3.86-3.81 (m, 1H), 3.72 (t, J = 6.0, 2H), 3.67-3.63 (m,

1H), 3.62-3.57 (m, 1H), 2.27-2.21(m, 1H), 1.89-1.75 (m, 1H). 3C NMR (150 MHz, CDCl;)
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153.65, 142.51, 131.67 (q, J=35.0 Hz), 128.93, 127.47, 127.17, 124.41 (q, J= 4.2 Hz), 121.06 (q,
J =274.0 Hz), 65.92, 44.40, 41.28, 39.50, 32.50. YF NMR (565 MHz, CDCls) § -62.07 (s, 3F).
HRMS (ESI) m/z calculated C15H;sCIF3NNaO, [M+Na]" 356.0636, found 356.0629.
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(44) Prepared according to General Procedure A wusing ftrifluoromethyl vinyl N-
triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (65.4 mg, 0.4 mmol) afforded 48 (61.9 mg, 89% yield) as a colorless oil. 'H NMR
(500 MHz, CDCl3) 6 7.34 (t, J = 7.5 Hz, 2H), 7.26 (t, J = 6.0 Hz, 1H), 7.16 (d, J = 7.0 Hz, 2H),
6.09 (d, J=3.5 Hz, 1H), 4.35 (t, J= 6.0 Hz, 2H), 3.84-3.80 (m, 1H), 3.68-3.61 (m, 3H), 3.61-3.54
(m, 1H), 2.27-2.21 (m, 1H), 2.18-2.10 (m, 2H), 1.88-1.79 (m, 1H). 3C NMR (150 MHz, CDCl;) &
154.11, 142.58, 131.73 (q, J = 35.0 Hz), 128.93, 127.45, 127.16, 124.18 (q, J = 4.0 Hz), 121.15 (q,
J=274.0 Hz), 63.54, 44.25, 41.08, 39.51, 32.49, 31.61. ’F NMR (565 MHz, CDCl5) § -61.99 (s,
3F). HRMS (ESI) m/z calculated Ci6Hi7CIFsNNaO; [M+Na]" 370.0792, found 370.0789.

(45) Prepared according to General Procedure A using trifluoromethyl vinyl
N-triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (50.8 mg, 0.4 mmol) afforded 49 (56.0 mg, 90% yield) as a colorless oil. '"H NMR
(500 MHz, CDCl3) 6 7.33 (t, J = 7.5 Hz, 2H), 7.26 (t, J = 7.5 Hz, 1H), 7.17 (d, J = 7.5 Hz, 2H),
6.09 (d, J = 3.5 Hz, 1H), 6.00-5.92 (m, 1H), 5.37-5.33 (m, 1H), 5.28-5.25 (m, 1H), 4.69 (d, /= 6.0
Hz, 2H), 3.83-3.79 (m, 1H), 3.67-3.54 (m, 2H), 2.25-2.19 (m, 1H), 1.89-1.75 (m, 1H). 3C NMR
(150 MHz, CDClI3) 6 154.01, 142.68, 131.98, 131.95 (q, J = 34.5 Hz), 128.90, 127.48, 127.12,
123.88 (q, J = 3.8 Hz), 121.13 (q, J = 273.6 Hz), 118.55, 67.32, 44.21, 39.49, 32.54. Y'F NMR
(565 MHz, CDCl3) & -62.01 (s, 3F). HRMS (ESI) m/z calculated CisHicF3NNaO, [M+Na]*
334.1035, found 334.1025.

2.2 Mild functionalization of biomolecules
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(46) Prepared according to General Procedure A using trifluoromethyl vinyl
N-triftosylhydrazone derived from (E)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (95.7 mg, 0.4 mmol) afforded 46 (62.7 mg, 74% yield) major:minor = 3:1, as a
colorless oil. "TH NMR (500 MHz, CDCls) § 7.39-7.33 (m, major, 4H, minor, 4H), 7.31-7.26 (m,
major, 1H, minor, 1H), 6.02 (s, minor,1H), 5.99 (s, major, 1H), 4.72-4.69 (m, minor,1H), 4.68-4.62
(m, major, 1H), 4.32-4.28 (m, major, 1H), 4.19-4.15 (m, minor, 1H), 3.39-3.34 (m, minor, 1H),
3.28-3.23 (m, major, 1H), 2.19-2.16 (m, minor, 2H), 2.18-2.13 (m, major, 2H), 2.08-2.01 (m,
major, 1H, minor, 1H), 2.00-1.84 (m, major, 2H, minor, 2H), 1.71-1.64 (m, major, 2H, minor, 2H),
1.48-1.40 (m, major, 2H, minor, 2H), 1.08-1.00 (m, major, 2H, minor, 2H), 0.93-0.90 (m, minor,
7H), 0.88-0.84 (m, major, 7H), 0.79-0.77 (m, major, 3H), 0.76-0.74 (m, minor, 3H). ¥C NMR
(150 MHz, CDCl3) & 153.68, 144.66, 128.66, 127.86, 124.82, 124.69, 123.96, 123.94, 70.50,
46.88, 43.51, 43.41, 40.94, 40.47, 40.44, 34.17, 34.12, 31.44, 31.38, 26.78, 26.00, 23.79, 23.19,
21.98, 20.86, 20.67, 16.70, 16.13. ’F NMR (565 MHz, CDCl3) & -62.03 (s, major, 3F), -62.13 (s,
minor, 3F). HRMS (ESI) m/z calculated C23H30F3sNNaO> [M+Na]" 432.2121, found 432.2129.
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(47) Prepared according to General Procedure A using trifluoromethyl vinyl
N-triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (88.5 mg, 0.4 mmol) afforded 47 (72.2 mg, 89% yield) as a colorless oil. '"H NMR
(500 MHz, CDCl3) & 7.34-7.31 (m, 2H), 7.27-7.23 (m, 1H), 7.16 (d, J = 7.5 Hz, 2H), 6.00 (d, J =
3.5 Hz, 1H), 3.71-3.66 (m, 1H), 3.63-3.60 (m, 1H), 3.57-3.52 (m, 1H), 2.20-2.14 (m, 10H),
1.84-1.78 (m, 1H), 1.71-1.62 (m, 6H). 3C NMR (150 MHz, CDCl;) '*C NMR (150 MHz, CDCl;)
0 152.97, 143.08, 132.51 (q, J = 34.5 Hz), 128.84, 127.51, 127.00, 122.86 (q, J = 3.5 Hz), 121.29
(q, J=274.0 Hz), 82.34, 43.72, 41.19, 39.45, 36.16, 32.53, 30.96. '’F NMR (565 MHz, CDCl;) §
-61.19 (s, 3F). HRMS (ESI) m/z calculated C23H26F3NNaO, [M+Na]* 428.5116, found 428.5118.
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(48) Prepared according to General Procedure A using trifluoromethyl vinyl
N-triftosylhydrazone derived from (£)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (85.0 mg, 0.2 mmol)
and aziridine (182.3 mg, 0.4 mmol) afforded 48 (92.1 mg, 72% yield) as a green oil. "TH NMR
(500 MHz, CDCl3) 6 7.33 (t, J = 7.5 Hz, 2H), 7.26 (t, J = 7.5 Hz, 1H), 7.17 (d, J = 7.5 Hz, 2H),
6.05 (d, J = 3.5 Hz, 1H), 5.41-5.37 (m, 1H), 4.65-4.57 (m, 1H), 3.82-3.75 (m, 1H), 3.66-3.57 (m,
2H), 2.47-2.34 (m, 2H), 2.24-2.16 (m, 1H), 2.07-1.92 (m, 3H), 1.91-1.78 (m, 3H), 1.72-1.62 (m,
1H), 1.62-1.43 (m, 6H), 1.41-1.30 (m, 3H), 1.30-1.22 (m, 1H), 1.21-1.09 (m, 6H), 1.04-0.93 (m,
7H), 0.92 (d, J = 6.5 Hz, 3H), 0.88-0.86 (m, 6H), 0.68 (s, 6H). 1*C NMR (150 MHz, CDCl;) &
153.84, 142.87, 139.60, 132.11 (q, J = 35.0 Hz), 128.88, 127.50, 127.07, 123.35 (q, J = 3.5 Hz),
122.76, 121.22 (q, J = 274.0 Hz), 56.72, 56.16, 50.03, 43.90, 42.34, 39.76, 39.54, 39.47, 38.05,
37.98, 36.96, 36.60, 36.21, 35.83, 32.52, 31.94, 31.88, 28.27, 28.04, 27.70, 27.62, 24.31, 23.87,
22.85, 22.59, 21.08, 19.35, 18.74, 11.89. °F NMR (565 MHz, CDCls) & -61.55 (s, 3F). HRMS
(ESI)  m/z  calculated  CsHscF3NNaO,  [M+Na]® 662.4155, found 662.4150.

2.3 Late-stage modification of molecules containing an aldehyde moiety
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(49) Prepared according to General Procedure A using trifluoromethyl vinyl
N-triftosylhydrazone derived from cyclamen aldehyde (100.8 mg, 0.2 mmol) and aziridine 2 (70.9
mg, 0.4 mmol) afforded 49 (65.0 mg, 73% yield), major : minor = 1:1 as a colorless oil. "H NMR
(500 MHz, CDCl3) & 7.37-7.31 (m, 10H), 7.14 (d, J = 8.0 Hz, 4H), 7.05 (d, J = 8.0 Hz, 4H), 6.02
(d, J = 3.5 Hz, 1H), 591 (d, J = 3.5 Hz, 1H), 5.21 (d, J = 12.0 Hz, 2H), 5.18-5.15 (m, 2H),
4.03-3.97 (m, 2H), 3.26-3.20 (m, 2H), 2.93-2.84 (m, 2H), 2.67-2.63 (m, 1H), 2.59-2.55 (m, 1H),
2.47-2.43 (m, 1H), 2.41-2.36 (m, 3H), 1.99-1.96 (m, 1H), 1.91-1.79 (m, 3H), 1.71-1.62 (m, 2H),
1.24 (d, J = 7.0 Hz, 12H), 0.85-0.81 (m, 6H). *C NMR (150 MHz, CDCl3) & 154.27, 146.71,
146.66, 137.65, 137.63, 135.79, 135.77, 132.05 (q, J = 34.0 Hz), 131.80 (q, /= 34.0 Hz), 128.92,
128.78, 128.47, 128.33, 128.30, 128.27, 128.26, 126.55 (q, J = 3.5 Hz), 126.46, 126.43, 124.47 (q,

J=4.0 Hz), 121.07 (d, J=274.0 Hz), 121.05 (d, J = 274.0 Hz), 68.17, 68.14, 45.51, 45,49, 40.08,
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39.93, 38.86, 38.39, 37.98, 37.15, 33.70, 27.40, 24.44, 24.05, 16.24, 15.57. 'F NMR (565 MHz,
CDCl3) & -62.10 (s, 3F), -62.22 (s, 3F). HRMS (ESI) m/z calculated CasH30F3NNaO, [M+Na]"
468.2121, found 468.2114.
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(50) Prepared according to General Procedure A using trifluoromethyl vinyl
N-triftosylhydrazone derived from Veratraldehyde (96.5 mg, 0.2 mmol) and aziridine 2 (70.9 mg,
0.4 mmol) afforded 50 (66.6 mg, 79% yield) as a colorless oil. 'TH NMR (500 MHz, CDCI3) &
7.40-7.33 (m, 5H), 6.81 (d, J = 8.0 Hz, 1H), 6.67 (dd, J = 8.0 Hz, 2.0 Hz 1H), 6.64 (d, J = 2.0 Hz,
1H), 6.07 (d, J = 3.5 Hz, 1H), 5.22 (ABq, J = 12.0 Hz, 2H), 3.86 (s, 3H), 3.83 (s, 3H), 3.81-3.76
(m, 1H), 3.63-3.57 (m, 2H), 2.21-2.15 (m, 1H), 1.84-1.78 (m, 1H). 1*C NMR (150 MHz, CDCIl3) §
154.17, 149.23, 148.13, 135.60, 135.19, 131.75 (q, J = 35.0 Hz), 128.53, 128.45, 128.39, 124.21
(q, J=4.0 Hz), 121.11 (q, J=274.0 Hz), 119.47, 111.38, 110.64, 68.38, 55.97, 55.89, 44.30, 39.00,
32.64. YF NMR (565 MHz, CDCl3) & -61.92 (s, 3F). HRMS (ESI) m/z calculated
C2H2F3NNaO4 [M+Na]* 444.4701, found 444.4705.
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(51) Prepared according to General Procedure A using trifluoromethyl vinyl
N-triftosylhydrazone derived from Vanillin acetate (102.1 mg, 0.2 mmol) and aziridine 2 (70.9 mg,
0.4 mmol) afforded 51 (71.9 mg, 80% yield) as a colorless oil. '"H NMR (500 MHz, CDCI3) §
7.43-7.28 (m, 5H), 6.96 (d, J = 8.5 Hz, 1H), 6.72-6.67 (m, 2H), 6.06 (d, J = 3.5 Hz, 1H), 5.21
(ABq, J = 12.0 Hz, 2H), 3.83-3.78 (m, 1H), 3.77 (s, 3H), 3.63-3.56 (m, 2H), 2.30 (s, 3H),
2.22-2.16 (m, 1H), 1.86-1.79 (m, 1H). '3C NMR (150 MHz, CDCl3)§ 169.11, 154.11, 151.27,
141.50, 138.74, 135.55, 132.13 (q, J = 35.0 Hz), 128.54, 128.46, 128.42, 123.66 (q, J = 4.0 Hz),
123.05, 121.04 (q, J = 274.0 Hz), 119.63, 111.57, 68.43, 55.86, 44.33, 39.33, 32.48, 20.67. F
NMR (565 MHz, CDCl3) & -62.00 (s, 3F). HRMS (ESI) m/z calculated C23H2F3NNaOs [M+Na]"

472.1478, found 472.1478.
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2.4 Gram-scale experiments

R o} (0]
NNHTfSZ, g = I -

N OBn 'f S
G 5 N OBn# =%
CFy = Y Z i

r » CF3 -

o]
ik

;‘.‘;-,\ 2,10.0 mmol, 1.77 g
1,5.0 mmol, 1.93-g -~
: ' .*‘i"m E“'g

3,86%, 1.55g ‘w

-

An oven-dried screwcap reaction tube equipped with a Teflon-coated magnetic stir bar was
charged with trifluoromethyl vinyl N-triftosylhydrazone (1.93 g, 5.0 mmol), NaH (400.0 mg, 60
wt% dispersion in mineral oil, 0.6 mmol, 2.0 equiv) and dry CH>Cl, (50.0 mL) inside a glove box
under nitrogen atmosphere. Then Rha(esp): (75.6 mg, 2 mol%) and aziridine (10.0 mmol, 2.0
equiv) were added. The tube was sealed and stirred at 60 °C for 12 h, after which time the reaction
mixture was cooled to room temperature and filtered through a short pad of silica gel using ethyl
acetate (EA) as an eluent. The volatiles was removed from the collected filtrate under reduced
pressure, and the resulting residue was purified via flash chromatography on silica gel (using

petroleum ether / EtOAc as eluent) to obtain 3 (1.55 g, 86% yield) as a colorless oil.

e S Xk

A )
o e > Z
- 52,10.0 mmol, 1.43 g

1,5.0 mmol,li:_)}:g'g;.,; 53 92%, 1.50g

An oven-dried screwcap reaction tube equipped with a Teflon-coated magnetic stir bar was
charged with trifluoromethyl vinyl N-triftosylhydrazone (1.93 g, 5.0 mmol), NaH (400.0 mg, 60
wt% dispersion in mineral oil, 0.6 mmol, 2.0 equiv) and dry CH>Cl, (50.0 mL) inside a glove box
with nitrogen atmosphere. Then Rha(esp)2 (75.6 mg, 2 mol%) and aziridine (10.0 mmol, 2.0 equiv)
were added. The tube was sealed and stirred at 60 °C for 12 h, after which time the reaction
mixture was cooled to room temperature and filtered through a short pad of silica gel using ethyl
acetate (EA) as an eluent. The volatiles was removed from the collected filtrate under reduced
pressure, and the resulting residue was purified via flash chromatography on silica gel (using

petroleum ether / EtOAc as eluent) to obtain 53 (1.50 g, 92% yield) as a colorless oil.

(53) Prepared according to the above-mentioned procedure using trifluoromethyl vinyl N-
triftosylhydrazone derived from (E)-1,1,1-trifluoro-4-phenylbut-3-en-2-one (1.93 g, 5 mmol) and
aziridine 52 (1.43g, 10.0 mmol) afforded 53 (1.50 g, 92% yield) as a colorless oil. "H NMR (500
MHz, CDCl3) & 7.35-7.32 (m, 2H), 7.27-7.24 (m, 1H), 7.17 (d, J = 7.5 Hz, 2H), 6.01 (d, J = 3.5
Hz, 1H), 3.73-3.68 (m, 1H), 3.65-3.60 (m, 1H), 3.59-3.54 (m, 1H), 2.23-2.16 (m, 1H), 1.86-1.78
(m, 1H), 1.51 (s, 9H). 13C NMR (150 MHz, CDCl3) & 153.44, 143.06, 132.49 (q, J = 34.5 Hz),
128.86, 127.50, 127.02, 122.88 (q, J = 3.6 Hz), 121.29 (q, J = 274.0 Hz), 82.37, 43.72, 39.45,
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32.57, 28.00. F NMR (565 MHz, CDCl;) & -61.37 (s, 3F). HRMS (ESI) m/z calculated
C17H20F3NNaO; [M+Na]* 350.1520, found 350.1514.

2.5 Synthetic applications

k
NJJ\O |Cage ( equ V)
-

- CF4

CF3 toluene, 125 °C
53 54, 95%, 1.0g

54 were prepared according to the literature procedure!. To a stirred solution of 53 (1.6g, 4.9
mmol, 1.0 equiv) in toluene (10 mL) was added silica gel (49.0 mmol, 10.0 equiv) and the mixture
was stirred at 125 °C for 12 h. After completion, the reaction mixture was cooled to room
temperature, and the solvent was evaporated under reduced pressure. The resulting crude was
purified by flash column chromatography on silica gel (PE/Et;O) to obtain 54 (1.0g, 95%) as a
colorless oil.

(54) Prepared according to the above-mentioned procedure. 'TH NMR (500 MHz, CDCls) § 7.35 (t,
J="17.5Hz, 2H), 7.28-7.24 (m, 1H), 7.19 (d, J=7.5 Hz, 2H), 4.14-4.08 (m, 1H), 3.86-3.72 (m, 1H),
2.98-2.90 (m, 1H), 2.75-2.70 (m, 1H), 2.40-2.29 (m, 1H), 2.01-1.96 (m, 1H), 1.81-1.72 (m, 1H).
13C NMR (150 MHz, CDCl3) 6 158.60 (q, J = 33.5 Hz), 143.75, 128.87, 127.02, 126.60, 119.70 (q,
J =278.0 Hz), 50.07, 35.83, 31.34, 28.60. ’F NMR (565 MHz, CDCl3) § -74.61 (s, 3F). HRMS
(ESI) m/z calculated Ci2Hi2F3sNNa [M+Na]* 250.4122, found 250.4125.

|N NaBH5CN (2.0 equiv), AcOH (1 mol%) H, N
CFs > CFs3
MeOH, 25 °C
54, 0.2 mmol 55, 75 %, dr > 20:1

55 were prepared according to the literature procedure®. To a 25 mL round-bottomed flask
with a magnetic stirrer bar containing imine 54 (45.4 mg, 0.2 mmol, 1.0 equiv) in methanol (2.0
mL) were added sodium cyanide borohydride (25.1 mg, 0.4 mmol, 2.0 equiv) and glacial acetic
acid at 0 °C. The reaction mixture was stirred at room temperature for 8-10 hours and quenched
with saturated NaHCOs3 solution (10 mL). Then the mixture was extracted by DCM (20 mL x 3),
dried over anhydrous Na>SOj4, and evaporated under reduced pressure. The residue was purified

by flash column chromatography to afford 55 (34.4 mg, 75%) as a yellow oil.

(55) Prepared according to the above-mentioned procedure. 'TH NMR (500 MHz, CDCl3) &
7.39-7.26 (m, 2H), 7.26-7.19 (m, 3H), 3.34-3.24 (m, 2H), 2.86-2.78 (m, 1H), 2.70-2.62 (m, 1H),
2.08-2.02 (m, 1H), 1.89-1.78 (m, 2H), 1.74-1.61 (m, 2H). '*C NMR (150 MHz, CDCI3) & 145.08,
128.65, 126.75, 126.65, 125.66 (q, J = 279.0 Hz), 58.45 (q, J = 28.6 Hz), 46.20, 41.62, 33.16,
32.40. F NMR (565 MHz, CDCls) & -77.73 (d, J = 6.5 Hz, 3F). HRMS (ESI) m/z calculated

Ci2H14F3NNa [M+Na]" 252.4278, found 252.4280.
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N H BF3eEt,0 (1.0 equiv)
cFy * EN) >
3
Y DCM, 0-25 °C, N,

54, 0.2 mmol 2.0 equiv 56,71 %, d.r. = 10:1

56 were prepared according to the literature procedure*. An oven-dried screw-capped reaction
tube equipped with a Teflon-coated magnetic stir bar was charged with imine 54 (45.4 mg, 0.2
mmol, 1.0 equiv) and anhydrous DCM (1.0 mL) inside a glove box with nitrogen atmosphere.
Then, pyrrole (0.4 mmol, 2.0 equiv) was added and the vial was sealed. After transferred out of the
glove box, boron trifluoride diethyl etherate was added at 0 °C. After stirring at room temperature
for 12 hours, the reaction was quenched with saturated NaHCOs solution (10 mL) and then
extracted by DCM (20 mL x 3), dried over anhydrous Na,;SO4. The residue was purified by flash
column chromatography to afford 56 (41.8 mg, 71%) as a yellow oil.

(56) Prepared according to the above-mentioned procedure. major:minor = 10:1, yellow oil. 'H
NMR (500 MHz, CDCIls3) 6 8.38 (s, minor, 1H), 8.20 (s, major, 1H), 7.35-7.28 (m, major, 2H,
minor, 2H), 7.28-7.19 (m, major, 3H, minor, 3H), 6.88-6.85 (m, minor, 1H), 6.84-6.80 (m, major,
1H, minor, 1H), 6.76-6.72 (m, major, 1H), 6.31-6.25 (m, major, 1H, minor, 1H), 3.34-3.25 (m,
major, 1H), 3.19-3.05 (m, major, 2H, minor, 1H), 3.02-2.96 (m, minor, 1H), 2.86-2.78 (m, minor,
1H), 2.63-2.57 (m, major, 1H), 2.41-2.36 (m, minor, 1H), 1.97 (s, major, 1H, minor, 1H),
1.92-1.84 (m, major, 2H, minor, 2H), 1.74-1.63 (m, major, 1H, minor, 1H). 3C NMR (150 MHz,
CDCl3) 6 145.03, 144.66, 128.24, 127.57, 127.54, 126.32, 125.94, 125.76, 125.45, 125.43, 124.72,
117.47,116.84, 116.75, 114.32, 107.43, 105.71, 59.46 (q, J = 26.81), 56.87 (q, J = 25.0 Hz), 41.33,
40.54, 38.60, 37.06, 36.64, 35.06, 32.38, 31.47. ’F NMR (565 MHz, CDCls) & -70.69 (s, major,
3F), -81.54 (s, minor, 3F). HRMS (ESI) m/z calculatedCi6H7F3sNNaO, [M+Na]" 317.4544, found
317.4540.

N NHNH, HCI MeOH (5 mL) i CFs
. Ty N., #
CF,4 N NH,+HCI
O,N reflux

57, 91%
54, 0.2 mmol 1.0eq °

57 were prepared according to the literature procedure®. To a 25 mL round-bottomed flask
with a magnetic stirrer bar containing imine 54 (45.4 mg, 0.2 mmol, 1.0 equiv) dissolved in
methanol (5.0 mL) was added arylhydrazine hydrochlorides (37.9 mg, 0.2 mmol, 1.0 equiv). Then
the reaction mixture was refluxed for 2 hours. After evaporation of the solvent under reduced
pressure, the resultant residue was purified by flash column chromatography to afford 57 (75.9 mg,

91%) as a yellow solid.

(57) Prepared according to the above-mentioned procedure. '"H NMR (500 MHz, DMSO) &
11.52-11.46 (m, 1H), 8.40-8.01 (m, 4H), 7.51-7.23 (m, 5H), 3.34-3.12 (m, 3H), 2.77-2.61 (m, 1H),
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2.51-2.40 (m, 1H), 2.28-1.84 (m, 2H). 3C NMR (150 MHz, DMSO) & 150.59, 142.12, 140.65,
128.73, 128.29, 127.43, 126.06, 125.85, 122.09 (q, J = 274.0 Hz), 113.48, 113.26, 55.41, 37.57,
32.95, 32.54. °F NMR (565 MHz, DMSO) § -65.55 (S, 1H). HRMS (ESI) m/z calculated
C1sHa0CIF3N4NaO, [M+Na]" 439.4427, found 439.4423.

3. Synthesis of starting materials
3.1 General procedures for the synthesis of /V-triftosylhydrazones

Q NNHTfs

Q@ o BF3+Et,0
N~Ncr, * TiSNHNH;  —————— N~ cF,
EA, 40 °C

To a stirred solution of TfsNHNH> (2.2 mmol, 1.1 equiv) in ethyl acetate (2.0 mL) were added
carbonyl compounds (2.2 mmol, 1.1 equiv) and boron trifluoride etherate. The mixture was stirred
at 40 °C for 5 h. After the complete consumption of ketones, the solvent was removed under
reduced pressure, and the resultant residue was purified by flash chromatography on silica gel to

obtain the trifluoromethyl vinyl-N- sulfonylhydrazones.

NNHTfs

X CF3

Yield 86 %. 'TH NMR (500 MHz, DMSO) § 12.77 (s, 1H), 8.13 (d, J = 7.5 Hz, 1H), 8.06 (d, J =
7.5 Hz, 1H), 7.99-7.91 (m, 2H), 7.80-7.73 (m, 2H), 7.51-7.40 (m, 4H), 7.20-7.13 (m, 1H); 3C
NMR (150 MHz, DMSO) & 138.87, 137.75 (q, J = 32.0 Hz), 135.56, 134.51, 133.85, 132.16,
130.68, 129.32, 129.00 (q, J = 6.0 Hz) 128.53, 126.95 (q, J = 32.0 Hz), 125.99, 123.10 (q, J =
274.5 Hz), 120.93 (q, J = 274.5 Hz), 112.60. F NMR (565 MHz, DMSO) & -56.46 (s, 3F), -64.20
(s, 3F). HRMS (ESI) m/z calculated C17H,2FsN,NaO,S [M+Na]* 445.0416, found 445.0411.

NNHTfs

X CF;

Yeild 80 %. '"H NMR (500 MHz, DMSO) & 12.76 (s, 1H), 8.18 (d, J = 7.5 Hz, 1H), 8.06 (d, J =
7.5 Hz, 1H), 7.99 (t, J = 7.5 Hz, 1H), 7.94 (t, J = 7.5 Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H), 7.44 (d, J
=16.5 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 16.5 Hz, 1H), 2.37 (s, 3H). 3C NMR (150
MHz, DMSO) § 140.96, 139.13, 138.22 (q, J = 33.0 Hz ), 137.61, 134.67, 134.01, 132.99, 132.28,
130.13, 129.16 (q, J = 5.5 Hz), 128.70, 127.12 (q, J = 32.8 Hz), 123.27 (q, J = 275.0 Hz), 121.11 (q, J
=275.5 Hz), 111.70, 60.34, 21.55, 14.60. °F NMR (565 MHz, DMSO) & -56.46 (s, 3F), -64.18 (s,

3F). HRMS (ESI) m/z calculated C1sH4FsN2NaO,S [M+Na]* 459.0572, found 459.0566.
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NNHTfs

X CF3

iPr
Yeild 83 %. 'H NMR (500 MHz, DMSO) & 12.76 (s, 1H), 8.15 (d, J = 7.5 Hz, 1H), 8.06 (d, J =
7.5 Hz, 1H), 7.99-7.92 (m, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 16.5 Hz, 1H), 7.34 (d, J =
8.0 Hz, 2H), 7.15 (d, J = 16.5 Hz, 1H), 2.96-2.91 (m, 1H), 1.22 (d, J = 7.0 Hz, 6H). *C NMR
(150 MHz, DMSO) & 151.54, 138.89, 137.94 (q, J = 32.5Hz), 134.53, 133.88, 132.14, 129.03 (q, J
= 5.5Hz), 128.67, 127.47, 127.32, 126.90 (q, J = 32.5Hz), 126.06, 123.11 (q, J = 274.5Hz), 120.97
(q, J = 274.5Hz), 111.69, 33.83, 24.02. F NMR (565 MHz, DMSO) § -56.41 (s, 3F), -64.10 (s,
3F). HRMS (ESI) m/z calculated CyoHisF¢N2NaO,S [M+Na]™ 487.0885, found 487.0878.

NNHTfs

X CF3

Ph

Yeild 90 %. '"H NMR (500 MHz, DMSO) & 12.84 (s, 1H), 8.17 (d, J = 7.5 Hz, 1H), 8.07 (d, J =
7.5 Hz, 1H), 7.99 (t, J = 7.5 Hz, 1H), 7.94 (t, J = 7.5 Hz, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.81 (d, J
= 8.0 Hz, 2H), 7.77 (d, J = 7.5 Hz, 2H), 7.54-7.50 (m, 3H), 7.42 (t, J = 7.5 Hz, 1H), 7.23 (d, J =
16.5 Hz, 1H). 13C NMR (150 MHz, DMSO) & 142.20, 139.60, 138.37, 137.76 (q, J = 32.0 Hz),
137.44, 134.73, 134.58, 133.92, 132.17, 129.47, 129.22, 129.06 (q, J = 6.5 Hz), 128.45, 127.51,
127.17, 126.92 (q, J = 32.5 Hz), 123.12 (q, J = 274.0 Hz), 120.97 (q, J = 274.0 Hz), 112.49. ¥F
NMR (565 MHz, DMSO) & -56.43 (s, 3F), -64.15 (s, 3F). HRMS (ESI) m/z calculated
Ca3H16FsN2Na0,S [M+Na]" 521.0729, found 521.0722.

NNHTfs

X CF3

MeO

Yeild 82 %. '"H NMR (500 MHz, DMSO) 6 12.63 (s, 1H), 8.11 (d, J = 7.5 Hz, 1H), 8.04 (d, J =
7.5 Hz, 1H), 7.96 (t, J="7.5 Hz, 1H), 7.91 (t,J = 7.5 Hz, 1H), 7.72 (d, J = 8.5 Hz, 2H), 7.29 (d, J =
16.5 Hz, 1H), 7.11 (d, J = 16.5 Hz, 1H), 7.03 (d, J = 8.5 Hz, 2H), 3.81 (s, 3H). '*C NMR (150
MHz, DMSO) 6 161.56, 138.73, 138.26 (q, J = 32.0 Hz), 134.52, 133.91, 132.05, 130.34, 129.05
(q, J = 6.5 Hz), 128.16, 127.48, 126.90 (q, J = 33.0 Hz), 123.12 (q, J = 274.0 Hz), 121.00 (q, J =
274.0 Hz), 114.90, 110.12, 55.84. Y’F NMR (565 MHz, DMSO) 8 -56.37 (s, 3F), -64.02 (s, 3F).
HRMS (ESI) m/z calculated C1sH;4FsN2NaO3S [M+Na]* 475.0521, found 475.0529.
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NNHTfs

X CF3

F3C

Yeild 83 %. "H NMR (500 MHz, DMSO) & 12.99 (s, 1H), 8.18 (d, J= 7.5 Hz, 1H), 8.10 (d, J =
7.5 Hz, 1H), 7.96-8.03 (m, 4H), 7.88 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 16.5 Hz, 1H), 7.30 (d, J =
16.5 Hz, 1H). 3C NMR (150 MHz, DMSO) & 148.44, 142.88, 133.93, 132.35, 129.42 (q, J = 32.0
Hz), 129.05, 127.21, 126.82 (q, J = 5.5 Hz), 126.66, 126.54, 126.20, 125.88 (q, J = 33.0 Hz),
124.51 (d, J = 274.5 Hz), 124.41, 124.22 (d, J = 274.5 Hz), 102.84. ’F NMR (565 MHz, DMSO)
5 -55.82 (s, 3F), -60.52(s, 3F), -61.22 (s, 3F). HRMS (ESI) m/z calculated C;sHjFoN2NaOsS
[M+Na]* 513.0290, found 513.0284.

NNHTfs

X CF;

F

Yeild 80 %. 'H NMR (500 MHz, DMSO) & 12.64 (s, 1H), 8.07 (d, J= 7.5 Hz, 1H),7.90 (d, J="7.5
Hz, 1H), 7.84 (t, J=7.5 Hz, 1H), 7.78 (t, J= 7.5 Hz, 1H), 7.74-7.67 (m, 2H), 7.30 (d, /= 16.5 Hz,
1H), 7.17 (t, J = 8.5 Hz, 2H), 7.05 (d, J = 16.5 Hz, 1H). 13C NMR (150 MHz, DMSO) § 163.65 (d,
J=248.0 Hz), 137.68 (q, J = 32.0 Hz), 137.57, 137.35, 134.42, 133.75, 132.19, 130.72 (d, J = 8.5
Hz), 128.91 (q, J = 6.0 Hz), 128.21 (d, J = 8.6 Hz), 126.99 (q, J = 33.0 Hz), 123.08 (q, J = 274.0
Hz), 120.89 (g, J = 275.0 Hz), 116.31 (d, J = 22.0 Hz), 112.47. 1°F NMR (565 MHz, DMSO) 5
-56.57 (s, 3F), -64.33 (s, 3F), -110.27-(-110.32) (m, 1F). HRMS (ESI) m/z calculated
C17H 1 F7N;Na0,S [M+Na]" 463.0322, found 463.0329.

NNHTfs

X CF3

Cl

Yeild 88 %. 189-190 °C. "H NMR (500 MHz, DMSO) § 12.72 (s, 1H), 8.13 (d, J = 7.5 Hz, 1H),
8.01 (d, J = 7.5 Hz, 1H), 7.96-7.88 (m, 2H), 7.76 (d, J = 8.5 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H),
7.42 (d, J=16.5 Hz, 1H), 7.12 (d, J = 16.5 Hz, 1H). *C NMR (125 MHz, DMSO) § 141.5, 141.4
(q,J=33.0 Hz) 141.3, 138.8, 138.5, 137.8, 136.3, 136.2, 134.4, 133.0 (q, J = 6.5 Hz), 131.0 (q, J
=33.0 Hz), 128.1, 126.4 (q, J = 272.5 Hz), 125.9, 117.3. F NMR (470 MHz, DMSO) & -56.47 (s,
3F), -64.25 (s, 3F). HRMS (ESI) m/z calculated C7H;CIFsN2NaO,S [M+Na]* 479.0026, found
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479.0021.

NNHTfs

X CF3

Br

Yeild 85 %, m.p. 187-188 °C. "TH NMR (500 MHz, DMSO) & 12.75 (s, 1H), 8.13 (d, J = 8.0 Hz,
1H), 8.00 (d, J = 7.5 Hz, 1H), 7.95-7.87 (m, 2H), 7.72-7.64 (m, 4H), 7.44 (d, J = 16.5 Hz, 1H),
7.10 (d, J = 16.5 Hz, 1H). 13C NMR (125 MHz, DMSO) § 141.6, 141.5 (q, J = 32.7 Hz) 141.4,
138.9, 138.6, 137.9, 136.4, 136.3, 134.5, 133.1 (q, J = 6.5 Hz), 131.0 (q, J = 32.7 Hz), 128.2,
126.5 (q, J = 272.5 Hz), 126.0, 117.4. YF NMR (470 MHz, DMSO) & -56.48 (s, 3F), -64.25 (s,
3F). HRMS (ESI) m/z calculated Ci7H;;BrFsN,NaO,S [M+Na]™ 522.9503, found 522.9521.

Fs;C
O\\KJ % H o
_S NN \N,N\S/l
Hl}l \\O 7
N o
FsC

CF;

major minor

major + minor = 85 %, major/minor =3 : 2

Yeild 85%, major: minor = 3: 2, 'TH NMR (500 MHz, DMSO) § 12.70 (s, 1H), 8.05 (d, /= 7.5 Hz,
1H), 7.95 (d, J= 7.5 Hz, 1H), 7.87 (t, J = 7.5 Hz, 1H), 7.82 (t, J = 7.5 Hz, 1H), 7.49-7.43 (m, 2H),
7.33 (d, J=16.5 Hz, 1H), 7.25 (t, /= 7.5 Hz, 1H), 7.15 (d, /= 7.5 Hz, 1H), 7.03 (d, /= 16.5 Hz,
1H), 2.26 (s, 3H). *C NMR (150 MHz, DMSO) *C NMR (151 MHz, DMSO) & 148.44, 144.70,
139.09, 138.85, 138.65, 137.85 (q, J = 32.0 Hz), 137.46, 135.46, 134.52, 133.87, 132.30, 132.11,
131.45, 130.00, 129.43, 129.23, 129.01 (q, J = 6.0 Hz), 128.92, 128.51, 126.78 (q, J = 6.0 Hz),
126.62, 126.57, 125.92 (d, J = 32.5 Hz) 125.87, 125.82, 124.41, 124.22 (d, J = 274.0 Hz), 123.12,
123.10 (q, J = 274.0 Hz), 122.20 (q, J = 276.0 Hz),, 120.94 (d, J = 276.0 Hz), 112.33, 101.32,
21.39,21.33. F NMR (470 MHz, DMSO) & -55.88 (s, minor, 3F), -56.42 (s, major, 3F), -60.52 (s,
minor, 3F), -64.14 (s, major, 3F). HRMS (ESI) m/z calculated C;sHi4FsN2NaO,S [M+Na]*
459.0572, found 459.0579.

NNHTfs

F.C
3 X CF,4
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Yeild 78 %. '"H NMR (500 MHz, DMSO) & 12.76 (s, 1H), 8.06-8.03 (m, 2H), 7.97 (t, J= 8.0 Hz,
2H), 7.89-7.82 (m, 2H), 7.69 (d, J = 8.0 Hz, 1H), 7.61 (t, J = 7.5 Hz, 1H), 7.43 (d, J = 16.5 Hz,
1H), 7.20 (d, J = 16.5 Hz, 1H). 3C NMR (125 MHz, DMSO) § 148.44, 133.91, 132.33, 130.73,
130.48 (q, J = 32.0 Hz), 129.91, 126.80 (q, J = 5.0 Hz), 126.01, 125.79 (q, J = 3.5 Hz), 125.77, 125.75,
125.44 (q, J = 272.44 Hz), 124.40, 123.36, 124.21 (q, J = 3.5 Hz), 122.53 (d, J = 3.5 Hz), 120.07 (q, J
=279.0 Hz), 102.58. 1°F NMR (470 MHz, DMSO) & -55.86 (s, 3F), -60.56 (s, 3F), -61.30 (s, 3F).
HRMS (ESI) m/z calculated CisH,FoN;NaO3S [M+Na]* 513.0290, found 513.0299.

NNHTfs

cl
N ¢,

Yeild 83 %. 'H NMR (500 MHz, DMSO) § 12.75 (s, 1H), 8.05 (d, J = 7.5 Hz, 1H), 7.96 (d, J =
7.5 Hz, 1H), 7.91-7.78 (m, 3H), 7.64-7.58 (m, 1H), 7.45-7.32 (m, 3H), 7.06 (d, /= 16.5 Hz, 1H).
13C NMR (125 MHz, DMSO) & 148.35, 137.78, 137.25, 137.22 (q, J = 32.5 Hz), 134.65, 134.30,
133.96, 133.92, 132.14, 131.16, 130.29, 129.10 (q, J = 5.5 Hz), 127.68, 127.45, 123.10 (q, J =
276.0 Hz), 120.83 (q, J = 275.5 Hz), 113.94. ’F NMR (470 MHz, DMSO) & -55.95 (s, 3F), -61.20
(s, 3F). HRMS (ESI) m/z calculated C17H;1CIF¢N2NaO,S [M+Na]" 479.0026, found 479.0018.

FsC
Q\@ I H o
/S \ \N’N\S’,
Hl}l \b O/,
2N
FsC

CF3

major minor

major + minor = 74 %, major/minor = 3 : 1

Yeild 74 %, major: minor = 3: 1. '"H NMR (500 MHz, DMSO) & 12.82 (s, 1H), 8.13 (d, J=7.5 Hz,
1H), 8.03 (d, J=7.5 Hz, 1H), 7.96 (t, J= 7.5 Hz, 1H), 7.91 (t, J = 7.5 Hz, 1H), 7.88-7.82 (m, 1H),
7.37-7.31 (m, 4H), 7.26 (d, J = 2.5 Hz, 1H), 2.33 (s, 3H). *C NMR (125 MHz, DMSO) § 148.47,
143.78, 137.57, 137.83 (q, J = 32.8 Hz), 137.46, 136.30, 136.05, 134.54, 134.20, 133.89, 132.31,
132.12, 131.29, 131.17, 130.51, 129.64, 129.52, 129.03 (q, J = 6.0 Hz), 128.71, 126.79 (q, J = 6.0
Hz), 126.59, 126.47, 125.90 (q, J = 32.8 Hz), 124.40, 124.22 (q, J = 275.0 Hz), 122.30 (q, J =
268.0 Hz), 120.95, 119.91, 113.49, 104.01, 20.69, 19.40. '’F NMR (471 MHz, DMSO) & -55.86 (s,
minor, 3F), -56.41 (s, major, 3F), -60.23 (s, minor, 3F), -64.16 (s, major, 3F). HRMS (ESI) m/z
calculated CisH14F¢N2NaO,S [M+Na]" 459.0572, found 459.0579.
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F5;C
CF
O\\KJ N0
Br S S X N
HN” S N S
1 O J
~2N Br
F5C

CF;

major minor

major + minor = 75 %, major/minor = 3 : 2

Yeild 75 %, major: minor = 3: 2. 'H NMR (500 MHz, DMSO) & 12.86 (s, 1H), 8.15 (d, J=7.5 Hz,
1H), 8.09-8.06 (m, 2H), 7.96 (t, J= 7.5 Hz, 1H), 7.90 (t, J=7.5 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H),
7.51 (t, J = 7.5 Hz, 1H), 7.46-7.39 (m, 2H), 7.37-7.33 (m, 1H). ¥*C NMR (150 MHz, DMSO) &
148.39, 142.94, 137.10 (q, J = 32.0 Hz), 136.37, 134.80, 134.59, 133.89, 133.85, 133.68, 132.29,
132.26, 132.19, 131.91, 131.48, 130.12, 129.03 (q, J = 6.0 Hz), 128.62, 128.47, 128.36, 127.06,
126.83 (q, J = 3.0 Hz), 126.77 (q, J = 5.5 Hz), 125.94 (q, J = 32.0 Hz), 125.11, 125.07, 124.41,
123.29, 123.08 (q, J = 274.0 Hz), 123.02, 122.26, 122.17, 12091 (d, J = 276.0 Hz), 115.33,
104.77. F NMR (565 MHz, DMSO) § -55.90 (s, minor, 3F), -56.46 (s, major, 3F), -60.30 (s,
minor, 3F), -64.38 (s, major, 3F). HRMS (ESI) m/z calculated C;7H;;BrFgN>NaO,S [M+Na]*
522.9521, found 522.9515.

NNHTfs

X CF3

OMe

Yeild 72 %. '"H NMR (600 MHz, DMSO) § 12.72 (s, 1H), 8.12 (d, J = 8.0 Hz, 1H), 8.05 (d, J =
8.0 Hz, 1H), 7.96 (t, J = 7.5 Hz, 1H), 7.92 (t,J = 7.5 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.50 (d, J
=16.5 Hz, 1H), 7.44 (t, /= 8.0 Hz, 1H), 7.37 (d, J = 16.5 Hz, 1H), 7.09 (d, J = 8.0 Hz, 1H), 7.06
(t, J=7.5 Hz, 1H), 3.85 (s, 3H). 13C NMR (150 MHz, DMSO) § 157.85, 138.23 (q, J = 32.0 Hz),
137.47, 134.55, 133.92, 132.80, 132.49, 132.07, 129.05 (q, J = 6.5 Hz), 126.90 (q, J = 32.0 Hz)
127.17, 123.74, 123.11 (q, J = 274.0 Hz), 121.14, 121.01 (q, J = 276.0 Hz), 112.25, 112.07, 56.26.
F NMR (564 MHz, DMSO) & -56.38 (s, 3F), -64.08 (s, 3F). HRMS (ESI) m/z calculated
CisH14F6N2NaOsS [M+Na]* 475.0521, found 475.0526.

NNHTfs

MeO
© N e,

OMe

S32



Yeild 84 %. '"H NMR (500 MHz, DMSO) & 12.66 (s, 1H), 8.03 (d, /= 8.0 Hz, 1H), 7.97 (d,J=
8.0 Hz, 1H), 7.90-7.81 (m, 2H), 7.84 (d, J= 7.5 Hz, 1H), 7.28 (d, J = 16.5 Hz, 1H), 7.02 (d, J =
16.5 Hz, 1H), 6.87 (d, J = 1.5 Hz, 2H), 6.51 (d, J = 1.5 Hz, 1H), 3.72 (s, 6H). *C NMR (150 MHz,
DMSO) s 161.46, 161.27, 138.98, 137.45, 133.92, 132.06, 126.91 (d, J=33.0 Hz), 126.80, 125.89
(d, J = 33.0 Hz), 124.41, 123.11 (d, J = 274.0 Hz), 120.92 (d, J = 276.0 Hz), 112.94, 106.72,
104.09, 55.90. ¥F NMR (564 MHz, DMSO) & -56.37 (s, 3F), -64.10 (s, 3F). HRMS (ESI) m/z
calculated C19H;6FsN2NaO4S [M+Na]* 505.0627, found 505.0627.

Br NNHTfs

X CF3

Cl

Yeild 80 %. "H NMR (500 MHz, DMSO) & 13.97 (s, 1H), 8.04 (d, J = 7.5 Hz, 1H), 7.95 (d, J =
7.5 Hz, 1H), 7.91 (d, J = 8.5 Hz, 1H), 7.89-7.94(m, 2H), 7.76 (s, 1H), 7.52 (s, 1H), 7.34 (d, J =
16.5 Hz, 1H), 7.24 (d, J = 16.5 Hz, 1H). 3C NMR (150 MHz, DMSO) § 148.41, 141.83, 135.25,
133.91, 133.19, 133.00, 132.34, 129.11, 128.64, 126.81 (q, J = 5.5 Hz), 125.89 (q, J = 32.5 Hz),
124.41, 124.22 (d, J = 273.0 Hz), 123.03, 105.06. "F NMR (564 MHz, DMSO) & -55.84 (s, 3F),
-60.29 (s, 3F). HRMS (ESI) m/z calculated Ci7H;oBrCIFeN;NaO,S [M+Na]" 556.9131, found
556.9125.

F5;C
CF
QA \3 N0
-3 NS
Hl}l \b d,
~=2N
F5;C
CF;
major minor

major + minor = 85 %, major/minor = 3 : 1

Yeild 85 %, major: minor = 3: 1. '"H NMR (500 MHz, DMSO) & 12.55 (s, 1H), 8.02 (d, J= 7.5 Hz,
1H), 7.95 (d, /= 7.5 Hz, 1H), 7.89-7.82 (m, 2H), 7.12 (d, /= 17.0 Hz, 1H), 6.85 (s, 2H), 6.74 (d, J
= 17.0 Hz, 1H), 2.09-2.18 (m, 9H). '3C NMR (150 MHz, DMSO) & 138.89, 138.18, 137.95,
137.68, 137.47, 136.42, 136.19, 135.48, 134.56, 134.53, 133.95, 133.90, 133.85, 132.38, 132.16,
132.05, 131.81, 129.34, 129.24, 129.06 (q, J = 5.0 Hz), 128.60, 126.87 (q, J = 33.0 Hz), 125.87 (q,
J=32.0 Hz), 124.41, 123.09 (q, J = 274.0 Hz), 121.02 (q, J = 276.0 Hz), 117.41, 104.16, 21.14,
21.12,20.90, 20.85, 20.42, 19.54. F NMR (565 MHz, DMSO) § -56.28 (s, minor, 3F), -56.43 (s,
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major, 3F), -64.01 (s, major, 3F), -67.76 (s, minor, 3F). HRMS (ESI) m/z calculated
C20H1sF6N2NaO,S [M+Na]* 487.0791, found 487.0787.

NNHTfs

SO

Yeild 90 %. 'H NMR (500 MHz, DMSO) & 12.71 (s, 1H), 8.12 (s, 1H), 8.06 (d, J = 8.0 Hz, 1H),
7.97 (d, J = 8.0 Hz, 1H), 7.94-7.90 (m, 2H), 7.90-7.82 (m, 4H), 7.50-7.46 (m, 3H), 7.24 (d, J =
16.5 Hz, 1H). 3C NMR (150 MHz, DMSO) & 138.89, 137.77 (q, J = 32.0 Hz), 137.51, 134.56,
134.16, 133.93, 133.41, 133.23, 132.12, 130.47, 129.07 (q, J = 6.5 Hz), 128.96, 128.92, 128.19,
127.87, 127.35, 126.94 (q, J = 33.0 Hz), 123.87, 123.14 (q, J = 274.0 Hz), 121.02 (d, J = 276.0
Hz), 112.85. F NMR (564 MHz, DMSO) § -56.33 (s, 3F), -64.00 (s, 3F). HRMS (ESI) m/z
calculated Co H;4FsN;NaO,S [M+Na]* 495.0564, found 495.0572.

CF;
O=§=O
HN. CFa o
N O A N
\I N //S
SOAA. S
FsC
major minor

major + minor = 87%, major/minor = 3:1

Yeild 87%, major: minor = 3: 1. "TH NMR (500 MHz, DMSO) 6 12.71 (s, major, 1H), 12.03 (s,
minor, 1H), 8.11-8.02 (m, major, 1H, minor, 1H), 7.99-7.92 (m, major, 2H, minor, 2H), 7.91-7.71
(m, major, 4H, minor, 4H), 7.67 (d, J = 7.5 Hz, major, 1H, minor, 1H), 7.53 (d, J = 7.5 Hz, major,
1H, minor, 1H), 7.41 (d, J = 16.5 Hz, major, 1H, minor, 1H), 7.35-7.23 (m, major, 2H, minor, 2H),
7.15 (d, J = 16.0 Hz, major, 1H, minor, 1H), 3.91 (s, major, 2H), 3.71 (s, minor, 2H). 3C NMR
(150 MHz, DMSO) 6 148.44, 144.31, 144.27, 144.18, 143.85, 143.80, 143.56, 142.70, 142.26,
141.50, 140.88, 140.83, 139.29, 137.79, 137.51, 134.56, 134.21, 133.94, 133.68, 132.36, 132.11,
131.54, 129.06, 128.50, 128.03, 127.84, 127.72, 127.44, 127.38, 126.81, 125.74, 125.69, 125.33,
124.88, 124.55, 124.41, 122.69, 122.23, 121.10, 120.93, 120.89, 120.42, 120.11, 112.74, 111.65,
36.90, 36.77. ’F NMR (564 MHz, DMSO) § -55.81(s, minor, 3F), -55.35 (s, major, 3F), -60.44(s,
minor, 3F) -63.95 (s, major, 3F). HRMS (ESI) m/z calculated C2sH;6F¢N2NaO,S [M+Na]*
533.0729, found 533.0725.
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NNHTfs
S A

Q I CF3

Yeild 80 %. '"H NMR (500 MHz, DMSO) 6 12.73 (s, 1H), 8.10 (d, /= 7.5 Hz, 1H), 8.03 (d, J =
7.5 Hz, 1H), 7.95 (t, J = 7.5 Hz, 1H), 7.90 (t, J = 7.5 Hz, 1H), 7.75 (d, J = 5.0 Hz, 1H), 7.54 (d, J
= 3.5 Hz, 1H), 7.36 (d, J = 16.5 Hz, 1H), 7.18-7.07 (m, 2H). ¥*C NMR (150 MHz, DMSO) §
140.75, 137.81 (q, J = 32.0 Hz), 137.52 , 134.48, 133.89, 132.49, 132.14, 131.98, 130.59, 129.01
(q, J = 6.0 Hz), 128.98, 126.94 (q, J = 33.0 Hz), 123.11 (q, J = 274.0 Hz), 120.91 (q, J = 276.0
Hz), 110.99. F NMR (565 MHz, DMSO) § -56.36 (s, 3F), -64.10 (s, 3F). HRMS (ESI) m/z
calculated CisH1oF¢NaNaO»S, [M+Na]* 528.0423, found 528.0419.

NNHTfs
@) A

T CF,

Yeild 78 %. 'H NMR (500 MHz, DMSO) § 12.74 (s, 1H), 8.10 (d, J = 8.0 Hz, 1H), 8.02 (d, J =
8.0 Hz, 1H), 7.97-7.83 (m, 3H), 7.17 (d, J = 16.5 Hz, 1H), 7.00 (d, J = 16.5 Hz, 1H), 6.95 (d, J =
3.0 Hz, 1H), 6.66 (dd, J = 3.0, 1.7 Hz, 1H). ¥*C NMR (150 MHz, DMSO) & 154.73, 149.78,
141.54 (q, J = 32.0 Hz), 140.96, 137.74, 137.16, 135.29, 132.28 (q, J = 6.0 Hz), 130.35 (q, J =
33.0 Hz), 129.05, 126.43 (q, J = 274.0 Hz), 124.27 (q, J = 276.0 Hz), 119.66, 116.85, 112.87. F
NMR (565 MHz, DMSO) & -56.35 (s, 3F), -64.31 (s, 3F). HRMS (ESI) m/z calculated
CisH19F6N2NaOsS [M+Na]* 435.0208, found 435.0214.

o N Cfs N2
-_— - /,
HN.
N ° j@
F5C
(@) 3
Br ) X CF3
\ major minor

major + minor = 80%, major/minor = 6:1

Yeild 80 %, major: minor = 6: 1. '"H NMR (500 MHz, DMSO) & 12.81 (s, 1H), 8.08 (d, J= 7.5 Hz,
1H), 8.03 (d, J = 7.5 Hz, 1H), 7.98-7.88 (m, 2H), 7.91 (d, J = 7.5 Hz, 1H), 7.11 (d, J = 16.5 Hz,
1H), 7.01-6.89 (m, 2H), 6.78 (d, J = 2.5 Hz, 1H). *C NMR (125 MHz, DMSO) § 153.44, 148.38,
137.65 (q, J = 32.2 Hz), 137.58, 134.45, 133.91, 133.87, 132.35, 131.94, 128.98 (q, J = 6.0 Hz),
126.95 (q, J = 275.0 Hz), 126.82 (q, J = 6.0 Hz), 125.99, 125.77, 124.55, 124.41, 123.10, 122.96,
120.80 (q, J = 275.0 Hz), 118.74, 115.63, 114.46, 111.33, 109.83, 100.86. '°F NMR (565 MHz,
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DMSO) & -55.84(s, minor, 3F), -56.31 (s, major, 3F), -60.55(s, minor, 3F) -64.23 (s, major, 3F).
HRMS (ESI) m/z calculated CisHoBrFsN>NaOsS [M+Na]* 512.9314, found 512.9319.

NNHTfs

B N cr,

=z
N Cl

Yeild 70 %. "TH NMR (500 MHz, DMSO) & 14.24 (s, 1H), 8.94 (s, 1H), 8.14 (d, J = 8.0 Hz, 1H),
8.11 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 7.5 Hz, 1H), 7.97-7.91 (m, 2H), 7.92 (t, J = 7.5 Hz, 1H),
7.90-7.86 (m, 1H), 7.73 (t, J= 7.5 Hz, 1H), 7.57 (d, J = 16.5 Hz, 1H), 7.47 (d, J = 16.5 Hz, 1H).
13C NMR (150 MHz, DMSO) & 148.41, 147.87, 147.09 , 140.71, 133.94, 132.41, 132.37, 128.80,
128.59, 128.20, 126.95, 126.83 (q, J = 5.5 Hz), 125.87 (q, J = 33.0 Hz), 124.41, 123.22 (q, J =
273.0 Hz), 122.95, 122.43, 122.06 (q, J = 269.5 Hz), 121.49, 105.84. ’F NMR (565 MHz, DMSO)
5 -55.80 (s, 3F), -60.29 (s, 3F). HRMS (ESI) m/z calculated Cy0H;2CIFsN3NaO,S [M-+Na]"
530.0135, found 530.0161.

CF;
/\/\)\ CFs
Ph X SN o)
HN & T N A Ph
p N
(e} H
CF;
FsC
major minor

major + minor = 66%, major/minor = 6:1

Yeild 66%, major: minor = 6: 1. 'H NMR (500 MHz, DMSO) & 12.48 (s, major, 1H, minor, 1H),
8.23-8.20 (m, minor, 1H), 8.11-8.07 (m, major, 2H), 8.03-8.01 (m, minor, 1H), 8.00-7.97 (m,
major, 1H), 7.96-7.93 (m, major, 1H), 7.92-7.89 (m, minor, 1H), 7.84-7.79 (m, minor, 1H),
7.35-7.31 (m, major, 2H, minor, 2H), 7.28-7.25 (m, major, 2H, minor, 2H), 7.24-7.20 (m, major,
1H, minor, 1H), 6.72-6.69 (m, major, 1H, minor, 1H), 6.51-6.46 (m, major, 1H, minor, 1H),
2.84-2.82 (m, major, 1H, minor, 1H), 2.61-2.57 (m, major, 2H, minor, 2H), 2.55-2.54 (m, major,
1H, minor 1H). ¥C NMR (150 MHz, DMSO) & 143.86, 143.55, 142.24, 141.31, 138.17 (q, J =
32.0 Hz), 137.52, 134.48, 133.94, 133.86, 133.81, 133.42, 132.37, 131.89, 129.00 (q, J = 6.0 Hz),
128.80, 128.78, 128.73, 128.68, 126.94 (q, J = 33.0 Hz), 126.47, 126.20, 125.30, 124.41, 123.08
(q, J = 274.0 Hz), 120.80 (d, J = 276.0 Hz), 115.53, 35.42, 35.17, 34.08, 30.98. '°’F NMR (565
MHz, DMSO) 6 -56.34 (s, major, 3F), -56.32 (s, minor, 3F), -64.59 (s, major, 3F), -68.37 (s, minor,
3F). HRMS (ESI) m/z calculated Ci9Hi6FsN2NaO>S [M+Na]" 473.0729, found 473.0722.
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CF3

/\/\/\)\ CFs
T

J (0]
HN( ’9 S’/ N A
/,S (),/ \Nz W
0] H CF,
FsC
major minor

major + minor = 63%, major/minor = 10:1

Yeild 63%, major: minor = 10: 1. '"H NMR (500 MHz, DMSO) & 13.34 (s, minor, 1H), 12.49 (s,
major, 1H), 8.12 (d, J= 7.5 Hz, major, 1H, minor, 1H), 8.04 (d, /= 7.5 Hz, major, 1H, minor, 1H),
7.97 (t, J = 1.5 Hz, major, 1H, minor, 1H), 7.92 (t, J = 7.5 Hz, major, 1H, minor, 1H), 6.67 (d, J =
16.0 Hz, major, 1H, minor, 1H), 6.46-6.38 (m, major, 1H, minor, 1H), 2.65 (t, J = 7.5 Hz, minor,
2H), 2.32-2.21 (m, major, 2H), 1.69-1.55 (m, minor, 2H), 1.54-1.41 (m, major, 2H), 1.37-1.22 (m,
major, 4H, minor, 4H), 0.88 (t, J= 6.5 Hz, major, 3H, minor, 3H). 3C NMR (150 MHz, DMSO) §
145.78, 144.32, 138.32 (q, J = 32.0 Hz), 137.56, 134.34, 133.81, 133.72, 132.24, 131.97, 128.87
(g, J = 6.0 Hz), 127.03 (q, J = 32.0 Hz), 124.40, 123.05 (d, J = 274.0 Hz), 120.80 (d, J = 276.0
Hz), 115.23, 101.63, 33.47, 31.20, 31.10, 28.65 , 27.60, 25.01, 22.26, 22.14, 14.15, 14.12. °F
NMR (565 MHz, DMSO) 6 -56.00 (s, minor, 3F), -56.52 (s, major, 3F), -60.47 (s, minor, 3F),
-64.76 (s, major, 3F). HRMS (ESI) m/z calculated C;6HisFsN2NaO,S [M+Na]* 439.0885, found
439.0880.

NNHTfs

Ph o)

g \/\)Lca

0]

Yeild 75 %. '"H NMR (600 MHz, CDCls) & 8.69 (s, 1H), 8.41-8.34 (m, 1H), 8.06 (d, J = 7.5 Hz,
2H), 7.91-7.85 (m, 1H), 7.81-7.73 (m, 2H), 7.60 (t, J = 7.0 Hz, 1H), 7.47 (t, J = 7.5 Hz, 2H), 6.57
(dt, J = 16.5, 4.0 Hz, 1H), 6.26 (d, J = 16.5 Hz, 1H), 5.00 (d, J = 4.0 Hz, 2H). 1*C NMR (150
MHz, CDCls) § 165.90, 138.97 (q, J = 35.0 Hz), 138.74, 135.75, 133.96, 133.88, 133.56, 132.59,
129.75, 129.21, 128.59, 128.42 (q, J = 6.5 Hz), 127.75 (q, J = 36.0 Hz), 122.69 (q, J = 274.0 Hz),
119.73 (q, J = 275.4 Hz), 114.23, 63.52. 'F NMR (565 MHz, CDCls) § -58.11 (s, 3F), -67.48 (s,
3F). HRMS (ESI) m/z calculated C1oH4FeN;NaO4S [M+Na]* 503.0471, found 503.0450.

NNHTfs

NN CF3
0

Yeild 72 %. 'H NMR (600 MHz, CDCLs) & 8.74 (s, 1H), 8.43-8.38 (m, 1H), 7.93-7.89 (m, 1H),
7.82-7.78 (m, 2H), 6.83 (d, J = 16.5 Hz, 1H), 6.35 (d, J = 16.5 Hz, 1H), 6.02 (s, 1H), 4.20 (q, J =

S37



7.0 Hz, 2H), 2.28 (s, 3H), 1.30 (t, J = 7.0 Hz, 3H). 3C NMR (150 MHz, CDCL3) 5 165.82, 148.47,
144.50, 139.42 (q, J = 34.5 Hz), 135.58, 134.08, 134.04, 132.62, 128.45 (q, J = 6.5 Hz), 127.78 (q,
J =33.0 Hz), 126.72, 122.69 (q, J = 274.0 Hz), 119.80 (q, J = 276.0 Hz), 113.98, 60.46, 14.20,
13.06. F NMR (565 MHz, CDCl;) & -58.07 (s, 3F), -66.78 (s, 3F). HRMS (ESI) m/z calculated
C17H6FeN2NaO,S [M+Na]* 481.0627, found 481.0600.

CF;

CF;
XX N
Hl{l 0O /9
\S, ,S\ /N NS NS
/y O/ u N
o CFj3
F3C

major minor

major + minor = 78%, major/minor = 3:1

Yeild 78 %, major: minor = 3: 1. '"H NMR (500 MHz, DMSO) & 12.59 (s, 1H), 8.10 (d, J= 7.5 Hz,
1H), 8.06 (d, J= 7.5 Hz, 1H), 7.97 (t,J = 7.5 Hz, 1H), 7.92 (t,J= 7.5 Hz, 1H), 7.59 (d, /= 7.5 Hz,
2H), 7.42 (t, J=17.5 Hz, 2H), 7.36 (t, J=7.5 Hz, 1H), 7.15 (d, J=15.0 Hz, 1H), 7.09-6.98 (m, 2H),
6.90 (d, J=15.0 Hz, 1H). 13C NMR (125 MHz, DMSO) & 148.43, 143.26, 140.48, 139.59, 137.62,
136.42, 136.39, 134.59, 134.43, 133.92, 133.84, 132.35, 132.25, 131.90, 129.55, 129.40, 129.37,

128.93, 128.37, 127.64, 127.14, 127.03, 126.82 (q, J = 5.5 Hz), 125.88 (q, J = 33.0 Hz), 124.41,

124.22 (q, J = 275.0 Hz), 122.20 (q, J = 269.0 Hz), 115.72, 115.00, 101.91. F NMR (565 MHz,

DMSO) & -55.83(s, major, 3F), -55.28 (s, minor, 3F), -60.50 (s, major, 3F) -64.32 (s, minor, 3F).

HRMS (ESI) m/z calculated C19H14FsN2NaO>S [M+Na]" 471.0572, found 471.0578.

P S
,/S O// SNTR
O H
CF;
major F3C minor

major + minor = 68%, major/minor = 3:1

Yeild 68 %, major: minor = 3: 1. 'TH NMR (600 MHz, DMSO) & 14.40 (s, major, 1H, minor, 1H),
8.18 (d, J = 7.5 Hz, minor, 1H), 8.12 (d, J = 7.5 Hz, major, 1H), 8.03 (d, J = 7.5 Hz, major, 1H),
7.96-7.88 (m, major, 2H, minor, 1H), 7.85 (d, J = 7.5 Hz, minor, 1H), 7.77 (t, J = 7.5 Hz, minor,
1H), 7.59 (d, J = 6.0 Hz, minor, 1H), 7.53 (d, J = 6.0 Hz, major, 1H), 7.50-7.31 (m, major, 4H,
minor, 4H), 7.28-7.17 (m, major, 1H), 7.12-7.07 (m, minor, 1H), 6.61-6.48 (m, major, 1H, minor,
1H). 13C NMR (150 MHz, DMSO) § 148.39, 141.92, 134.33, 133.90, 133.80, 132.34, 132.09,
132.03,131.93, 131.20, 130.24, 130.13, 129.42, 129.28, 129.16, 128.91 (q, J = 6.0 Hz), 126.81 (q,
J=5.5Hz), 125.90 (q, J = 33.0 Hz), 124.73, 124.41, 124.34, 124.21 (q, J = 275.0 Hz), 122.19,
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121.96, 121.67 (q, J = 269.0 Hz), 121.18, 120.78, 108.32, 94.35, 88.52, 84.88, 77.25. YF NMR
(565 MHz, CDCls) & -55.87 (s, major, 3F), -56.35 (s, minor, 3F), -60.55 (s, minor, 3F), -64.24 (s,
major, 3F). HRMS (ESI) m/z calculated Ci9H2FsN2NaO,S [M+Na]" 469.0416, found 469.0460.

CFsy
NN < R.p
| NYUNTS
A CF,4 Cl O j@
Cl FsC
major minor

major + minor = 66%, major/minor =3 : 1

Yeild 66%, major: minor = 3: 1. 'H NMR (500 MHz, DMSO) & 13.16 (s, 1H), 8.11-8.04 (m, 2H),
7.98 (t,J=17.5 Hz, 1H), 7.93 (t,J= 7.5 Hz, 1H), 7.83 (d, J= 7.5 Hz, 2H), 7.52-7.43 (m, 3H), 7.27
(s, 1H). 13C NMR (150 MHz, DMSO) & 149.41, 148.40, 140.25, 137.49, 136.14, 135.73 (q, J =
35.0 Hz), 134.65, 133.94, 133.89, 133.23, 132.33, 131.80, 130.48, 130.25, 130.13, 129.53, 129.11
(q,J=5.5Hz), 128.88, 128.76, 128.57, 127.77, 127.32, 127.04 (q, J= 33.0 Hz), 126.79 (¢, J=5.5
Hz), 12591 (q, J = 32.0 Hz), 124.43, 123.04 (q, J = 274.0 Hz), 120.20 (q, J = 275.0 Hz), 114.80
(g, J = 35.0 Hz), 113.20. F NMR (565 MHz, DMSO) § -55.88 (s, minor, 3F), -56.38 (s, major,
3F), -57.75(s, minor, 3F), -66.06 (s, major, 3F). HRMS (ESI) m/z calculated C,7H;CIFsN2NaO,S
[M+Na]" 479.0026, found 479.0026.

Cl  NNHTfs

X CF3

Yeild 83 %. '"H NMR (600 MHz, CDCL3) § 8.41-8.37 (m, 2H), 7.93-7.89 (m, 1H), 7.80-7.78 (m,
2H), 7.68-7.64 (m, 2H), 7.52-7.42 (m, 3H), 6.34 (s, 1H). *C NMR (150 MHz, CDCL3) § 145.70,
137.47 (q, J = 37.0 Hz), 135.97, 134.60, 133.97, 133.64, 132.63, 131.38, 128.94, 128.37 (q, J =
6.0 Hz), 127.89 (q, J = 33.0 Hz), 127.01, 122.66 (q, J = 274.0 Hz), 119.60 (q, J = 278.0 Hz),
109.53. 1°F NMR (565 MHz, CDCls) & -57.92 (s, 3F), -68.83 (s, 3F). HRMS (ESI) m/z calculated
C17H,1CIF¢N;NaO,S [M+Na]* 479.0026, found 479.0006.

NNHTfs
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Yeild 72 %. 'H NMR (600 MHz, DMSO) & 8.91 (s, 1H), 8.43-8.38 (m, 1H), 7.93-7.89 (m, 1H),
7.78-7.73 (m, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 6.46 (dd, J = 16.5, 6.0 Hz,
1H), 5.97 (d, J = 16.5 Hz, 1H), 2.98-2.88 (m, 1H), 2.72-2.63 (m, 3H), 1.29 (d, J = 7.0 Hz, 6H),
1.11 (d, J= 5.8 Hz, 3H). 13C NMR (125 MHz, DMSO) § 148.83, 146.46, 138.19 (q, J = 32.0 Hz),
137.52, 137.25, 134.45, 133.82, 131.92, 129.40, 128.98 (q, J = 6.0 Hz), 126.96 (q, J = 33.0 Hz),
126.50, 123.07 (d, J = 274.0 Hz), 120.81 (d, J = 276.0 Hz), 113.65, 41.67, 33.46, 24.34, 18.76. 1F
NMR (565 MHz, DMSO) & -56.37 (s, 3F), -64.46 (s, 3F). HRMS (ESI) m/z calculated
C23H24FeN;NaO,S [M+Na]* 529.1355, found 529.1362.

NNHTfs
XX cF,

Yeild 75 %. '"H NMR (600 MHz, DMSO) $ 12.43 (s, 1H), 8.08-8.00 (m, 2H), 7.94 (t, J = 7.5 Hz,
1H), 7.90 (t, J = 7.5 Hz, 1H), 6.80-6.72 (m, 1H), 6.65 (d, J = 16.0 Hz, 1H), 6.31-6.19 (m, 2H),
1.89-1.79 (m, 3H). ¥C NMR (125 MHz, DMSO) & 140.07, 139.92, 138.91 (q, J = 32.0 Hz),
137.52, 134.47, 133.86, 131.89, 131.57, 129.00 (q, J = 6.0 Hz), 126.96 (q, J=33.0 Hz), 123.08 (d,
J=274.0 Hz), 120.86 (d, J = 276.0 Hz), 113.44, 19.00. 1°F NMR (565 MHz, DMSO) & -56.33 (s,
3F), -64.41 (s, 3F). HRMS (ESI) m/z calculated C14H;2FsN2NaO,S [M+Na]" 409.0416, found
409.0422.

3.2 General procedure for the synthesis of aziridines

H-Br
/\/Br
H2N , Cs,CO4
1.0 equiv NaOH(2.0 equiv) 0 (1.5 equiv) Q
> R\O)LN/\/Br — . NJLO'R
Dixane, 0 °C to r.t. H DMF, r.t. V

+
(0]

MR

Cl (@)
1.5 equiv
To an oven-dried 50 mL round-bottomed flask with a magnetic stir bar containing
2-bromoethylamine hydrobromide (10 mmol, 1.0 equiv) was slowly added sodium hydroxide
solution (1 M, 15 mL) and chloroacetate (15 mmol, 1.5 equiv) at 0 °C. After stirring overnight at
room temperature, the reaction mixture was extracted with dichloromethane (3 x 20 mL), dried

with anhydrous sodium sulfate, and concentrated under reduced pressure. The crude mixture was

purified by rapid silica gel column chromatography to afford the amide product.

Under nitrogen atmosphere, a clean and oven-dried nitrogen-filled 100 ml eggplant bottle
with a magnetic stir bar was charged with cesium carbonate (1.5 equiv). Then the amide (10 mmol,

1.0 equiv) obtained in the previous step was dissolved in DMF (90 ml) and injected into the
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eggplant bottle. After stirring for 5-6 hours at 40 °C, the suspension was extracted with DCM (3 x
20 mL), dried over anhydrous sodium, and concentrated under reduced pressure. The resultant

residue was purified by silica gel column chromatography to obtain pure aziridine.

X
VO
Benzyl aziridine-1-carboxylate, colorless oil. TH NMR (500 MHz, CDCl3) & 7.38-7.34 (m, 5H),

5.13 (s, 2H), 2.22 (s, 4H). 3C NMR (125 MHz, CDCls) § 163.61, 135.81, 128.60, 128.37, 128.20,
68.21, 25.86. HRMS (ESI) m/z calculated C1oHiNNaO, [M+Na]* 200.0682, found 200.0678.

VNJJ\O/\/
Propyl aziridine-1-carboxylate, colorless oil. 'TH NMR (500 MHz, CDCls) & 4.06 (t, J = 7.0 Hz,
2H), 2.21 (s, 4H), 1.72-1.64 (m, 1H), 0.96 (t, J = 7.5 Hz, 3H). 1*C NMR (125 MHz, CDCls) §
163.99, 68.19, 25.74, 22.04, 10.21. HRMS (ESI) m/z calculated C¢H11NNaO> [M+Na]" 152.0682,
found 152.0688.

0O
N
VN OJ\

Isopropyl aziridine-1-carboxylate, colorless oil. "H NMR (500 MHz, CDCls) & 4.94-4.87 (m, 1H),
2.19 (s, 4H), 1.27 (d, J = 6.5 Hz, 6H). 3C NMR (125 MHz, CDCl3) § 163.42, 70.04, 53.42, 25.72,
21.74. HRMS (ESI) m/z calculated C¢H11NNaO, [M+Na]" 152.0682, found 152.0682.

X
VN O/W/
Isobutyl aziridine-1-carboxylate, colorless oil. '"H NMR (500 MHz, CDCls) & 3.86 (d, J = 7.0 Hz,
2H), 2.19 (s, 4H), 1.98-1.90 (m, 1H), 0.92 (d, J = 7.0 Hz, 6H). 3C NMR (125 MHz, CDCl3) &

164.0, 77.30, 77.05, 76.79, 72.66, 27.80, 25.74, 18.94. HRMS (ESI) m/z calculated C7H13NNaO;
[M+Na]" 166.0838, found 166.0830.
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VN Jj\OD

Cyclopentylmethyl aziridine-1-carboxylate, colorless oil. "H NMR (500 MHz, CDCIs) & 5.09 (s,
1H), 2.18 (s, 4H), 1.89-1.83 (m, 2H), 1.77-1.70 (m, 4H), 1.63-1.55 (m, 2H). 3C NMR (125 MHz,
CDCl3) 6 163.76, 76.79, 32.63, 25.80, 23.66. HRMS (ESI) m/z calculated CsH;3NNaO, [M+Na]*
178.0838, found 178.0833.

Allyl aziridine-1-carboxylate, colorless oil. "TH NMR (500 MHz, CDCls) 6 5.99-5.86 (m, 1H),
5.36-5.31 (m, 1H), 5.27-5.24 (m, 1H), 4.62-4.57 (m, 2H), 2.23 (s, 4H). BC NMR (125 MHz,
CDCls) 6 163.4, 131.97, 118.44, 67.06, 25.77. HRMS (ESI) m/z calculated CsHoNNaO, [M+Na]"
150.0525, found 150.0517.

X

Cl
VN O/\/
2-Chloroethyl aziridine-1-carboxylate, colorless oil. '"H NMR (500 MHz, CDCls) & 4.36 (t,J = 6.0
Hz, 2H), 3.70 (t, J = 6.0 Hz, 2H), 2.26 (s, 4H). 3C NMR (125 MHz, CDCls) & 163.27, 65.80,
41.57,25.96. HRMS (ESI) m/z calculated CsHsCINNaO, [M+Na]" 172.0136, found 172.0132.

0
VNJLO/\/\CI
3-Chloroethyl aziridine-1-carboxylate, colorless oil. 'TH NMR (500 MHz, CDCls) 6 4.26 (t, J = 6.0
Hz, 2H), 3.64 (t, J = 6.5 Hz, 2H), 2.22 (s, 4H), 2.16-2.10 (m, 2H). 3C NMR (125 MHz, CDCl3) §
163.58, 63.25, 41.08, 31.61, 25.82. HRMS (ESI) m/z calculated C¢HioCINNaO, [M+Na]
186.0292, found 186.0283.
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(1R,2R,55)-2-isopropyl-5-methylcyclohexyl aziridine-1-carboxylate, colorless oil. "TH NMR (500
MHz, CDCl3) 8 4.54 (td, J= 11.0, 4.5 Hz, 1H), 2.17 (s, 3H), 1.99 (d, /= 12.0 Hz, 1H), 1.95-1.85
(m, 1H), 1.66 (d, J = 12.0 Hz, 2H), 1.53-1.43 (m, 1H), 1.39 (t, J = 12.0 Hz, 1H), 1.25-0.91 (m,
3H), 0.88 (d, J = 7.0 Hz, 7H), 0.75 (d, J = 7.0 Hz, 2H). 13C NMR (125 MHz, CDCl3) & 163.64,
47.09, 40.83, 34.20, 31.37, 26.23, 25.79, 23.40, 21.99, 20.76, 16.29. HRMS (ESI) m/z calculated
C13H23NNaO; [M+Na]* 248.1621, found 248.1627.

(35,85,9S5,10R,13R,14S8,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y1)-2,3,4,7,8,9,10,11,12,1
3,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl aziridine-1-carboxylate, white
solid. "TH NMR (600 MHz, CDCl3) & 5.38 (d, J = 4.0 Hz, 1H), 4.55-4.47 (m, 1H), 2.38-2.31 (m,
2H), 2.19 (s, 4H), 2.03-1.94 (m, 2H), 1.91-1.80 (m, 3H), 1.70-1.40 (m, 8H), 1.40-1.30 (m, 3H),
1.27-1.22 (m, 1H), 1.19-1.06 (m, 7H), 1.03-0.94 (m, 6H), 0.91 (d, J = 6.6 Hz, 3H), 0.86 (dd, J =
6.6, 2.8 Hz, 6H), 0.68 (s, 3H). *C NMR (125 MHz, CDCls) & 163.35, 139.50, 122.80, 76.20,
56.70, 56.16, 50.02, 42.33, 39.74, 39.53, 38.08, 36.94, 36.57, 36.20, 35.80, 31.89 (d, J = 6.0 Hz),
28.23, 28.02, 27.74, 25.84, 24.29, 23.84, 22.82, 22.57, 21.05, 19.31, 18.73, 11.87. HRMS (ESI)
m/z calculated C30H4NNaO, [M+Na]" 478.3655, found 478.3652.
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4. Mechanistic Studies

4.1 DFT calculations

All DFT calculations described in this work were carried out with the Gaussianl6 suite of
programs!®. All geometry optimizations and single point calculations were presented by using the
B3LYP functional”*) and GD3BJ empirical dispersion'®! and def2-SVP basis set!'®! for all atoms
by using the SMD solvent model'!! for dichloromethane. The nature of the local minima was
established with analytical frequency calculations and geometry optimizations were computed
without any symmetry constraints. Intrinsic reaction coordinate (IRC)!'>!*! calculations were
carried out to ascertain the true nature of the transition states. 3D structures of optimized

geometries were generated using CYLview visualization software.

4.2 Carbene formation process

AGgg
kcal mol

[Rh]:Rh,(esp),

N,

Ph/\)j\CF

1a

-26.9

Figure S1. Gibbs free energy profile (in kcal mol ™) of the generation for trifluoromethyl vinyl

rhodium carbene
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4.3 Gibbs free energy profile (in kcal mol™) of one carbon insertion into C-N bond

TS2'
12.3

AGsol
kcal mol™

carbene [Rh]

PR~ CF,

carbene

0] Int1
VNJJ\OBn V4
180 [RhJ:Rh,(esp),
2 25.0 [Rh]
0 o} -25. N .
~ . 7N ,
e ade Tol 0% 0 \g
T N
PhAA(;:[Rh]@ Ph/\)e\CF3 P LE, OBn 2421259 696
3 1.92 )
Int2 Int3 pro’ TS2'

Figure S2. Gibbs free energy profile (in kcal mol ™) of one carbon insertion into C-N bond.
4.4 Cartesian coordinates of all optimized structures

1a

Zero-point correction= 0.153775 (Hartree/Particle)

Thermal correction to Energy= 0.166696
Thermal correction to Enthalpy= 0.167640
Thermal correction to Gibbs Free Energy= 0.112227
Sum of electronic and zero-point Energies= -793.558845
Sum of electronic and thermal Energies= -793.545924
Sum of electronic and thermal Enthalpies= -793.544980
Sum of electronic and thermal Free Energies= -793.600393
N -2.63356000 1.61125900 0.00003100
N -3.30484600 2.52781900 0.00004800
C -2.52788100  -0.76711200  -0.00007700
F -3.86273400  -0.63078100  -0.00046300
F -2.19322600  -1.50508200  -1.07681000
F -2.19388700  -1.50489800 1.07701200
C 4.17392300  -1.12510000  -0.00007100
C 2.78141300  -1.22360100 0.00011100
C 1.96710200  -0.07213900 0.00018600
C 2.60490800 1.18729900 0.00008000
C 3.99500500 1.28445900  -0.00010400
C 4.78908500 0.13008700  -0.00017700
H 4.78139000  -2.03379300  -0.00013400
H 2.30548700  -2.20796000 0.00019600
H 2.00952800 2.10269000 0.00014200
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T Q- D QO X

Int1’

Zero-point correction=

4.46618200
0.51224100
-0.40505500
0.17699400
-0.08713900
-1.84303400
5.87878200

Thermal correction to Energy=

Thermal correction to Enthalpy=

2.27079600
-0.24335000
0.75122200
-1.28379600
1.79690600
0.56774600
0.21139700

Thermal correction to Gibbs Free Energy=

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

T m Az 2

=
=

OO T oD T T @DT DT O0o00o o o0

-0.77719100

-1.85455700
1.25231400
0.46544500
2.29943900
1.74111900
-0.88362400
0.91440300
-0.07597400
1.55601600
0.56616200
1.74101600
3.05529700
2.70585200
2.08750300
3.62942000
2.15516400
3.91957000
3.40806400
4.86648800
4.15137500
3.79865600
3.20639100
4.75592300
4.04059700
5.20190600

-0.79359800

-0.87212600
0.40558200
1.45967000
0.81647000

-0.02127500
0.92322600
0.23096100
2.76169700
-0.45060200
2.02645600
-0.30835000
-0.82261100
-1.85051000
-1.40010800
-2.23798700
-2.70332900
-1.48821500
-2.36044400
-1.83034300
-0.80290700
0.37942600
0.71302500
-0.00583400
1.55120100
1.64961600
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0.827789 (Hartree/Particle)

-0.00017700

0.00035000
-0.00000100

0.00072300
-0.00035500
-0.00001300
-0.00030700

0.883141

0.884085

0.

741297
-2858.586034
-2858.530683
-2858.529738
-2858.672527

3.09301200
-3.40179000
-3.33938000
-3.60323500
-2.62133200
-4.52552900
1.76666700
2.48602500
1.29824000
0.44468300
-0.72382000
1.68861500
2.28831000
3.38026500
4.16970400
3.83839800
2.95187600
1.21433500
0.78791500
1.66048800
0.38869400
2.94738200
3.81180800
3.33205100
2.02636000
1.24466500
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5.97683400
5.37585200
6.28852000
4.39127800
4.53523500
3.22081600
3.07242900
2.17092700
2.11702900
2.53651600
1.61642700
1.02904500
1.61268600
2.41031600
2.02654400
0.83670400
-0.11939300
-0.92092700
0.25458600
-0.55244500
0.46218900
-0.20495900
-1.99897200
-1.02960600
-2.64816700
-1.66870500
-2.82931100
-4.13136400
-3.75854900
-3.13001000
-4.67217200
-3.20829300
-5.01658200
-4.50803700
-5.94916800
-5.27596300
-4.86360500
-4.25380600
-5.81189300
-5.12779700
-6.31421100
-7.09253700
-6.50849200
-7.44030100

0.88353400
2.72584000
2.79815700
3.71139400
4.54985000
3.63748400
2.55908100
2.49698000
4.65984000
5.63926500
4.78021200
4.31056200
4.33416700
3.59068000
5.33247800
4.11613700
5.32995600
5.09596400
6.34145800
5.33430000
2.92443800
0.16414300
0.86203400
-1.66700300
1.54349000
-0.94670000
1.40567800
1.92810200
2.97461000
2.53331300
3.37506100
3.81586000
2.56924400
3.42475500
2.93243700
1.85774200
0.74073500
0.42453900
1.13618100
-0.44982600
-0.57221900
0.18903200
-1.66561900
-1.75589600
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1.32864600
0.37001900
-0.22748000
0.25629400
-0.42983100
1.02702000
1.91110300
2.52135400
0.89678200
0.61826000
1.86850600
-0.16451000
-1.58115000
-1.70772900
-1.79320400
-2.32889400
-0.05426200
-0.77318500
-0.27785200
0.95623600
0.16129800
-0.41026600
-1.11710100
0.04536700
0.92036600
2.07321600
-0.32259000
-0.93774600
-2.00464100
-2.79126200
-2.47126000
-1.55369000
0.13502700
0.60317400
-0.32438900
0.93046700
-1.63587000
-2.49423000
-2.03202200
-0.74527600
-0.00568800
-0.10200600
0.84318400
1.40770200
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TS1'

Zero-point correction=

-5.52007700
-5.68007900
-4.32538100
-4.15675900
-3.23672400
-3.21825100
-3.63805100
-2.69661100
-2.15452200
-2.76872200
-3.57052200
-3.18889700
-2.00782000
-1.00502600
-0.20212000
-1.37954400
-0.57281000
-1.57628100
5.12705400
4.46415300
3.07154900
2.36450500
3.02636000
4.41149700
6.20863400
5.02944400
1.29011300
2.45917200
2.43511900
1.11081000
3.12991600
0.40088000
0.48050700
4.92824800

Thermal correction to Energy=

Thermal correction to Enthalpy=

-2.64552100
-3.49715400
-2.54844000
-1.45298000
-1.37398300
-3.56510100
-4.55016500
-3.67185900
-3.22507600
-3.26686800
-2.52556700
-4.26698100
-3.06282700
-4.24487400
-4.00642600
-5.25475000
-4.25629000
-1.83639500
-4.67575700
-3.56161700
-3.40963000
-4.41382600
-5.52563900
-5.66382300
-4.77019600
-2.78560800
-4.31263200
-6.28792400
-2.19882300
-1.95460600
-1.44248300
-2.69390800
-0.68718800
-6.53397600

Thermal correction to Gibbs Free Energy=

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=
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0.97324800
1.63932700
0.24355900
-0.61500700
-1.19220900
0.38746400
0.64439500
-0.57488300
1.47582400
2.87831300
2.99584800
3.06766400
3.64569400
1.37685000
2.09235200
1.60573100
0.36681600
1.18072200
-1.32048800
-1.83854700
-1.68974800
-0.99675000
-0.47953900
-0.63782800
-1.44628400
-2.36134400
-0.83767600
0.06080600
-2.21554600
-2.22502900
-2.58613000
-1.85031600
-2.62234000
-0.22565700

0.825248 (Hartree/Particle)

0.880691

0.881635
0.738537

-2858.570508
-2858.515066

-2858.514122

-2858.657220
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0.81150500
1.89354700
-1.35251800
-0.57954600
-2.43888300
-1.77456400
0.94843100
-0.84530000
0.14577300
-1.54559800
-0.55396200
-1.69459900
-3.00578900
-2.65070200
-2.00997700
-3.57014000
-2.12031600
-3.89977000
-3.40780600
-4.84092700
-4.14153500
-3.72018800
-3.10343300
-4.67276800
-3.97044900
-5.15613200
-5.94174200
-5.34061100
-6.27206000
-4.34259300
-4.49490400
-3.14698400
-2.98763600
-2.06623200
-2.03042700
-2.44296600
-1.49407900
-0.98613100
-1.62054000
-2.43033400
-2.03105900
-0.87461400
0.17600400

0.94656300
1.17471600
-0.28532000
-1.31618900
-0.76412800
0.29530200
-1.01290800
-0.37358400
-2.83574600
0.38032300
-2.01978800
0.18389500
0.66061500
1.65765600
1.19086000
2.01614100
2.53230200
1.34563200
2.23570700
1.66446900
0.67908400
-0.57281300
-0.92960400
-0.21413000
-1.71346100
-1.80514200
-1.05823300
-2.85058500
-2.91835300
-3.81142300
-4.62622300
-3.74315200
-2.69611800
-2.63920600
-4.73848200
-5.71373200
-4.88765600
-4.32775900
-4.29618500
-3.55805800
-5.28930100
-4.03602000
-5.33736900

S49

-3.20657700
-3.28563200
-3.16013700
-3.52946600
-2.54146600
-4.30860300
1.71463700
2.51400400
1.17185700
0.51685800
-0.80212200
1.75979800
2.39822200
3.51628900
4.27791000
4.00541100
3.10638400
1.36002200
0.94490700
1.83498200
0.52174600
3.03023700
3.86790000
3.45077000
2.07275600
1.32769100
1.46741600
0.41850600
-0.14986500
0.23359700
-0.47876300
0.96537800
1.88470900
2.46482700
0.75657600
0.45380400
1.70488500
-0.32607000
-1.72041700
-1.78543200
-1.96196100
-2.48489400
-0.30353800
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0.94887500
-0.19444200
0.64500300
-0.41937900
0.19406600
1.98986300
1.00965000
2.68876700
1.70728400
2.84253000
4.14134300
3.76627300
3.12746400
4.67790800
3.22512200
5.03746900
4.53535100
5.96716700
5.30117400
4.86764900
4.26124900
5.82060200
5.11934100
6.30034100
7.08456600
6.48256900
7.41024100
5.48891600
5.64129900
4.29914700
4.14166000
3.22443900
3.18363400
3.59301100
2.66987300
2.11269000
2.70908000
3.52979700
3.09873900
1.94571500
0.94336100
0.13620500
1.29255300
0.52535400

-5.06084900
-6.34237800
-5.38220700
-2.95137300
-0.15139300
-0.76283500
1.66555700
-1.55900000
0.85897500
-1.34286100
-1.80735200
-2.76470200
-2.26504400
-3.11928600
-3.64402700
-2.52902700
-3.42083400
-2.85124800
-1.88222300
-0.56546500
-0.18934700
-0.92324300
0.55916000
0.64025500
-0.10801600
1.67853200
1.73723700
2.64464100
3.45447200
2.58692300
1.54518700
1.49864100
3.58630500
4.55915200
3.74149500
3.17852900
3.17641900
2.45294300
4.17854500
2.91730400
4.17758900
3.89282000
5.18468300
4.22413100

S50

-1.03861900

-0.56032500

0.68978000
0.04523200
-0.43617300
-1.21529000
0.10872000
0.76467700
2.08659700
-0.46752800
-1.13687500
-2.28310600
-3.02525400
-2.78920500
-1.89863400
-0.12583600
0.27688900
-0.62041000
0.72166900
-1.73915100
-2.57553700
-2.15941900
-0.76321300
-0.00937700
-0.14959900
0.90893900
1.48435400
1.09369200
1.81175300
0.35209900
-0.57221600
-1.15634300
0.54420100
0.85828500
-0.41587100
1.60181500
3.01261900
3.10784000
3.25065600
3.76079800
1.52902100
2.22262900
1.80555500
0.51372300



C 1.57128800 1.78806200 1.24532400
C -5.14489000 4.89100100  -1.59752000
C -4.45863100 3.77795500  -2.08346900
C -3.13649900 3.50799300  -1.67483600
C -2.52752700 4.38057000  -0.74673200
C -3.21445400 5.49038000  -0.26265500
C -4.52470000 5.75149300  -0.68635700
H -6.16852200 5.08548600  -1.92633300
H -4.94402900 3.10055100  -2.79074200
H -1.51968100 4.17532700  -0.38437400
H -2.73131900 6.15317600 0.45929300
C -2.46891300 2.32559700  -2.20827000
C -1.17893700 1.97644500  -1.97171900
H -3.11145800 1.66851400  -2.79821300
H -0.53493500 2.62979500  -1.37940600
C -0.61477000 0.66848700  -2.22902500
H -5.06216900 6.62050900  -0.29906500

carbene

Zero-point correction= 0.817941 (Hartree/Particle)

Thermal correction to Energy= 0.871221
Thermal correction to Enthalpy= 0.872165
Thermal correction to Gibbs Free Energy= 0.731840

-2749.163699
-2749.110419
-2749.109475

Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies= -2749.249801
C 1.06688800 0.42118100 3.15154300
F 0.20050000  -0.53699000 3.50725000
F 229926800  -0.12917700 3.15064900
F 1.03967500 1.32754300 4.16279600
Rh -0.96210600  -1.43699300  -1.48052500
o) 0.74713600  -0.94390000  -2.53437900
o) -0.04346600  -3.07059100  -0.59789500
o) 1.54316300 0.27306200  -0.82000000
o) 0.78451000  -1.80909000 1.06963600
C 1.61206400  -0.19691400  -1.99750400
C 2.84943800 0.17216500  -2.82584400
C 2.36814400 0.84677600  -4.12295900
H 1.71321800 0.17828400  -4.69954300
H 3.23311400 1.11439000  -4.75011800
H 1.80939000 1.77023700  -3.90085300
C 3.76078300 1.12891600  -2.05007400

S51
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3.23719700
4.64636300
4.09937300
3.59910200
2.95961500
4.50604300
3.96298600
5.18532400
5.91627700
5.47567900
6.43471100
4.54924800
4.78516800
3.31980000
3.05299400
2.10382700
2.27924100
2.76592600
1.70755600
1.26508400
1.95885300
2.74056400
2.41911900
1.23703800
0.15822100
-0.59053300
0.59347200
-0.35640800
0.61370900
-0.08242900
-1.79673600
-0.98619500
-2.61068400
-1.81978500
-2.67793100
-3.90807800
-3.42281000
-2.71524100
-4.28070600
-2.92072900
-4.89530100
-4.43175900
-5.77223500
-5.24180500

2.06797500
1.37133500
0.69361600
-1.14576200
-1.71727600
-0.85790500
-2.01543700
-1.87127600
-1.14068300
-2.66393200
-2.55039600
-3.60374500
-4.22126300
-3.76925100
-2.97478900
-3.10117600
-4.74514600
-5.60462300
-5.13180600
-4.15142800
-3.78633100
-3.02921900
-4.68623700
-3.37930100
-5.18820900
-4.79121600
-6.09822700
-5.46498300
-2.91372500
-0.09416500
-0.58418900
1.53323600
-1.80373200
0.30250700
-1.32622900
-1.64570200
-2.38970700
-1.77627800
-2.63405900
-3.33223500
-2.52118100
-3.47650900
-2.73858800
-2.02909300

S52

-1.81749300
-2.65832000
-1.10064700
-3.19241800
-3.88066600
-3.74690300
-2.01248500
-1.33814200
-1.69381400
-0.22410800
0.28830900
0.23625800
1.10658800
-0.42015500
-1.54461200
-2.06651100
0.07522800
0.56255100
-0.78095300
1.10018200
2.41687700
2.27231300
2.85453900
3.13956700
1.36270400
2.06680100
1.80502200
0.43156300
0.46982000
0.37591400
1.39509300
-0.49716400
-0.30954700
-2.18359200
0.85518000
1.71381600
2.97184600
3.54752300
3.61800300
2.70057800
0.93649600
0.65029700
1.56641900
0.01757200
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Int1

-4.57351300
-3.88103300
-5.47158700
-4.94332500
-6.20186200
-6.95439600
-6.49905000
-7.48513600
-5.54310500
-5.78306800
-4.27707700
-4.00472600
-3.02775900
-3.20458400
-3.66384700
-2.58209700
-2.26301600
-3.02827900
-3.83555300
-3.47049600
-2.35671500
-1.11882100
-0.40938000
-1.52615400
-0.56552100
-1.64550500
4.05067600
3.50058000
2.63075000
2.33186700
2.88409300
3.74330800
4.72006600
3.73475400
1.66690500
2.64934900
2.09492300
1.25020000
2.41660500
0.95514100
0.76008500
4.17458800

-0.30425500
0.21382000

-0.56570900
0.61951600
0.56156000

-0.13947500
1.39917200
1.35068600
2.29717000
2.94664100
2.37637600
1.54139600
1.60274500
3.30141600
4.19060200
3.64802300
2.66972200
2.35534600
1.63066300
3.27993600
1.93386500
3.65688900
3.22961900
4.58647100
3.91026000
1.39279500
6.27555100
5.05328700
4.35488200
4.92520300
6.14548600
6.82326500
6.80512800
4.61597200
4.40787500
6.57849200
3.09448700
2.27567800
2.77852600
2.60539000
1.01547300
7.78287900

S53

2.15055300
2.82982700
2.73185800
1.01437500
0.39593800
0.76608100
-0.68277300
-1.15233000
-1.16611000
-2.01190600
-0.56590900
0.52801400
1.00762000
-1.09114200
-1.55073400
-0.25346000
-2.16234400
-3.45097900
-3.27917700
-3.85413300
-4.21319800
-2.45931200
-3.18608400
-2.88681300
-1.54350200
-1.57840900
2.22120500
2.59361600
1.72062100
0.45682900
0.09119000
0.97011600
2.90240500
3.56724100
-0.23555100
-0.88356300
2.16112400
1.42916100
3.15524800
0.43119900
1.79528700
0.67495300



Zero-point correction= 1.014652 (Hartree/Particle)

Thermal correction to Energy= 1.081190
Thermal correction to Enthalpy= 1.082134
Thermal correction to Gibbs Free Energy= 0.911100

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

-3341.481826
-3341.415288
-3341.414344

-3341.585378

C -0.05542800  -0.73232300 1.90482700
C 1.11091400  -0.37189000 2.59657700
H 1.32616800  -0.85098000 3.55609600
C 2.03201100 0.51744900 2.08422200
H 1.80387600 0.95635000 1.11647700
C 3.28043300 0.89967300 2.69432000
C 4.08112700 1.87153100 2.04833900
C 3.75770300 0.31522200 3.89279700
C 5.31043600 2.24976500 2.58033700
H 3.72529400 2.32168000 1.12154500
C 4.98886900 0.69112600 4.41580200
H 3.17031800  -0.45027100 4.40040500
C 5.76766000 1.65868600 3.76335900
H 5.91681400 3.00208300 2.07144900
H 5.35274500 0.22779500 5.33542700
H 6.73555300 1.94828600 4.17967100
Rh -1.97803500 1.25454400 -1.63011300
0) -2.58269300  -0.60270800  -2.28318100
0) -3.64614600 1.44366300  -0.42812100
O -1.50626400  -1.63288800  -0.60199400
0) -2.65392600 0.31838900 1.24627300
C -2.24166900  -1.63241300  -1.63590000
C -2.74538400  -2.98674800 -2.16116800
C -2.07991400  -3.22188700  -3.53080300
H -2.34580100  -2.42778400  -4.24355200
H -2.40839900  -4.18749700  -3.94677100
H -0.98255200  -3.24802600  -3.43654200
C -2.38460100  -4.12742100  -1.20482000
H -1.29744200  -4.25598700  -1.13557600
H -2.81377500  -5.07021600  -1.57880400
H -2.76783300  -3.94951800  -0.19170200
C -4.28848500  -2.90522100  -2.36431800
H -4.49202700  -2.13846000  -3.12512500
H -4.60909400  -3.87463800  -2.77693700
C -5.06903500  -2.59296600  -1.11010400

S54
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-5.53870500
-5.38212500
-6.20880000
-6.57730100
-6.40959000
-6.92967500
-5.95385900
-5.30142300
-4.95158800
-6.10474800
-6.98747700
-6.26300700
-4.88315100
-4.70584000
-4.49478000
-5.62427500
-3.87165200
-5.10121600
-4.23770800
-5.99393600
-5.24337800
-3.62916700
-0.86792100
-0.36604200

0.82764200
-1.33108800
-0.22741400
-0.71310800
-0.33862400
-0.80218900
-0.33167700
-0.53556300
-1.89523600
-1.01024800
-2.10533100
-0.74631400
-0.69363800

1.21221800

1.64247000

1.44021800

1.85772500

2.13167000

1.88191700

2.73728900

-3.60870600
-4.65555100
-3.28863200
-4.08759400
-1.95293000
-1.70988200
-0.91849000
-1.25999600
-0.46453100
0.53346900
0.66577400
1.13827500
1.12486300
0.44702900
-0.62569500
0.56940600
0.89808200
2.63711100
3.09556200
2.81148500
3.14534500
0.94705300
0.13137400
2.02955200
0.06109400
3.03338300
1.01048000
3.05807700
4.42878900
4.47919200
3.68193200
5.45037800
4.36008100
5.54849300
5.44623500
6.52390900
5.54311600
4.58686700
3.90115700
5.61163600
4.31793000
5.32721000
6.36573800
5.00907400

S55

-0.26257700
-0.53460800
0.92117900
1.57014100
1.28097700
2.21113100
0.44975900
-0.74391300
-1.40137300
0.83488600
1.47989100
-0.06978800
1.60084600
2.96313900
2.86290300
3.55873800
3.51915800
1.79414400
2.30241000
2.41533700
0.82962600
0.73360200
0.25786800
0.91742000
-0.92596100
-0.84833400
-2.67036500
0.24847100
0.83135600
2.29705800
2.88944100
2.74276000
2.36687700
0.02940600
0.05063900
0.46750000
-1.02217300
0.79146100
1.53663300
1.12351800
-0.54699200
-1.48192600
-1.24997300
-2.70264400
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2.95095100
3.08709700
3.57811200
2.82485000
2.20387800
1.98374400
3.18314200
4.05336200
3.47263600
2.05741500
1.79143000
1.46675100
2.71248200
1.00756800
2.50805000
1.73151200
3.42174500
2.71912600
0.78069700
-0.90415300
-1.60768400
-0.17112400
-1.78171800
1.23195400
0.98388200
0.40354700
2.07307600
1.65246700
-0.03315400
1.55328100
2.82249200
3.31878300
3.40844400
4.79655200
4.89406400
5.02811900
5.66983400
6.11833900
5.99837600
6.88347400
5.86151800
6.76025100
5.64760800
7.20412500

5.80347100
3.68855100
3.45732500
2.66151100
3.00355500
2.21235800
1.21673400
1.15399800
0.75094300
0.34256400
0.77309500
1.82065200
0.65869900
0.15238900
-1.12745700
-1.78912000
-1.25790700
-1.43739800
0.48476500
-1.71296500
-1.02461700
-2.62796000
-2.41194300
-3.40867500
-4.25076500
-2.89022500
-3.68948500
-5.09936100
-4.35770500
-2.93095500
-2.66033800
-3.13302900
-1.73488000
-1.42291300
-0.35168400
-1.60895200
-2.23325400
-1.68687400
-3.56169800
-2.45223200
-0.65405700
-4.32877700
-3.99178600
-3.77556400

S56

-3.42262800
-3.00575600
-3.95455300
-2.08684400
-0.88053800
-0.17201400
-2.33915200
-3.01108200
-1.38588700
-2.97014400
-4.41588500
-4.47689600
-5.00900300
-4.87428000
-2.92493000
-3.34057800
-3.52587400
-1.89389300
-2.12609700
2.70122300
3.63063400
3.38124400
1.97495700
-0.45935400
0.75831300
-0.94346800
-1.10086300
0.93995800
1.14566900
0.86637000
1.32440600
2.32545900
0.53933300
0.77760300
0.56789000
1.83351500
-0.14249600
-1.35333200
0.17128100
-2.23828100
-1.60286100
-0.71350700
1.11238100
-1.91997800



H 7.22920000  -2.01510100  -3.17844300
H 7.01208700  -5.36170400  -0.46004200
H 7.80179100  -4.37591100 -2.61058200
TS1
Zero-point correction= 1.015336 (Hartree/Particle)
Thermal correction to Energy= 1.080262
Thermal correction to Enthalpy= 1.081206
Thermal correction to Gibbs Free Energy= 0.915812

-3341.476106
-3341.411180

-3341.410236

-3341.575630

Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=
Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

C 0.16335900  -0.89307800 1.78816500
C 1.21046200  -0.23548900 2.54936400
H 1.26316900  -0.42477500 3.62646900
C 2.15762400 0.54748100 1.97584600
H 2.10536800 0.68099900 0.89758400
C 3.28259600 1.18895800 2.64627600
C 4.22314900 1.89072100 1.86370100
C 3.48195600 1.13120300 4.04273700
C 5.32263200 2.51633800 2.45161700
H 4.08024900 1.94364700 0.78355300
C 4.57854300 1.75839000 4.62823600
H 2.77263400 0.59210200 4.67313800
C 5.50353500 2.45287700 3.83634900
H 6.03904400 3.05563100 1.82738800
H 4.71790400 1.70626300 5.71072000
H 6.36311200 2.94195900 4.30114500
Rh -1.91173900 1.25762200  -1.68790000
0) -2.70299800  -0.56087600  -2.25848900
O -3.47248200 1.59767800  -0.38280000
O -1.67254900  -1.62839900  -0.57220400
0) -2.43853300 0.47667000 1.27032700
C -2.43311500  -1.59556500  -1.58764200
C -3.06452500  -2.91803500  -2.05080200
C -2.53899200  -3.21078500  -3.46879300
H -2.81361400  -2.40807500  -4.16807800
H -2.96406900  -4.15689200  -3.83963200
H -1.44128600  -3.30779000  -3.46962200
C -2.69120400  -4.06921400  -1.11177400
H -1.60853000  -4.25465300  -1.12649000
H -3.19658900  -4.99129300  -1.43933200
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-2.98456800
-4.61115100
-4.83016800
-5.03354200
-5.25112400
-5.71336400
-5.65707900
-6.25099900
-6.61639500
-6.32421000
-6.74254900
-5.87161400
-5.35296800
-5.00501300
-5.88821500
-6.71036000
-6.06862300
-4.57514700
-4.35227700
-4.22803900
-5.21469600
-3.44982000
-4.66949900
-3.74198500
-5.50266300
-4.83956200
-3.40145600
-0.76732500
-0.05456400

0.81964100
-1.07395900
-0.25517000
-0.37443800

0.14418500
-0.22324900

0.21444400

0.15060100
-1.31620100
-0.48064100
-1.57698800
-0.11004500
-0.23285800

1.69735100

2.11082400

-3.86234500
-2.73656500
-1.98129300
-3.69299700
-2.32744800
-3.27688100
-4.34100200
-2.86836300
-3.61536400
-1.51012200
-1.19842900
-0.54013300
-0.96921000
-0.22389400
0.93149200
1.15115800
1.51404800
1.45828100
0.82438400
-0.26436600
1.04065700
1.23182400
2.98906900
3.40062900
3.25541600
3.46782000
1.15076900
0.08332700
1.94795800
-0.18643300
2.99381400
0.85593500
2.98615000
4.33337500
4.45071600
3.62722900
5.40383500
4.42628400
5.48901000
5.47978900
6.44831700
5.43411800
4.35721300
3.65564200
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-0.07433100
-2.11887600
-2.88719000
-2.46504900
-0.81399600
0.11063000
-0.13245900
1.33425200
2.04402200
1.65596700
2.61645300
0.74848300
-0.48190000
-1.19691500
1.08583900
1.78497500
0.17087400
1.73961400
3.11616400
3.05080100
3.76655400
3.59312500
1.87944300
2.30908700
2.54905800
0.90437700
0.79841400
0.14818600
0.70830300
-1.16091200
-1.00188500
-2.83979300
0.04725900
0.57142600
2.06054800
2.64204600
2.46681700
2.19808700
-0.21664500
-0.12644500
0.17786100
-1.28524100
0.43784500
1.17602800
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2.03174000
2.23493500
2.52980700
2.38190300
3.02545600
3.25680400
3.24120100
3.64547200
2.95522200
2.44900200
2.21491800
3.17046700
3.99081500
3.47458900
1.93783000
1.61718100
1.37722000
2.48505300
0.75622400
2.27021300
1.41208900
3.11852800
2.54239400
0.73361200
-0.77406000
-1.34259900
-0.14887900
-1.76927300
0.89473200
0.53153100
0.11136900
1.79269500
1.16421700
-0.51545600
1.13960500
2.49996500
2.88992500
3.20952400
4.63983200
4.87849200
4.83793900
5.37065700
5.69364100
5.68179800

5.36639300
4.00077900
4.96404100
6.02417000
4.57327700
5.33257300
3.22214200
2.93036900
2.23971300
2.65407500
1.89784700
0.76596400
0.61782900
0.28904100
-0.01570100
0.41963500
1.48984100
0.22253000
-0.13776200
-1.51709400
-2.12148100
-1.73085500
-1.83080700
0.24126500
-1.62141700
-0.71741200
-2.51705900
-2.29374000
-3.14040200
-3.88645800
-2.64623200
-3.43199500
-4.70961600
-3.93744700
-2.54889400
-2.47736700
-2.95965600
-1.78481800
-1.64600500
-0.64159700
-1.70183000
-2.70790200
-2.49674900
-3.93920800
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0.72516400
-0.92727700
-1.90368700
-1.68207600
-3.15236000
-3.90409900
-3.44382700
-4.41657800
-2.48390200
-1.24643800
-0.50317300
-2.73053400
-3.45041400
-1.78730400
-3.27808200
-4.71119000
-4.76787100
-5.36021000
-5.10883600
-3.24186800
-3.57685700
-3.91104500
-2.22606000
-2.35654100
2.74416100
3.56768000
3.55104300
2.14582100
-0.23464600

0.99427900
-0.80224000
-0.78211500

1.33575900

1.28864600

1.08851700

1.52927800

2.55949800

0.65175500

0.87412600

0.50676400

1.95092500

0.10179900
-1.24739000

0.69770700



C 6.31898400  -3.50077000  -1.99050300
H 545019400 -1.53918600 -1.71494700
C 6.30894300  -4.94341900  -0.04490600
H 542631800  -4.10825600 1.74644700
C 6.62726600  -4.72605200  -1.38953300
H 6.56847400  -3.32669200  -3.04012500
H 6.55141500  -5.89840900 0.42786100
H 7.11868100  -5.51145400  -1.96926300

Int2

Zero-point correction= 1.017289 (Hartree/Particle)
Thermal correction to Energy= 1.081911
Thermal correction to Enthalpy= 1.082855
Thermal correction to Gibbs Free Energy= 0.920237

-3341.499487
-3341.434866

-3341.433921

-3341.596539

Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=
Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

C 0.61407500  -1.80081300 0.59895400
C 1.84274400  -1.05055100 0.84951000
H 1.86376600  -0.54637300 1.81564800
C 2.87576000  -0.88139100  -0.00602900
H 2.83583100  -1.33522100 -1.00011700
C 4.08907700  -0.10781800 0.25265200
C 4.97686900 0.15226800  -0.81044500
C 4.42594000 0.40083500 1.52511600
C 6.13051900 0.91453200  -0.62355300
H 4.74889800  -0.25218100  -1.79965300
C 5.57827600 1.16134400 1.71310700
H 3.77929800 0.19139800 2.37911700
C 6.43700700 1.42979000 0.63936900
H 6.79593300 1.10571800  -1.46953100
H 5.81157800 1.54821100 2.70867800
H 7.33840200 2.02891100 0.78945100
Rh -2.16803800 2.02959700  -0.46323900
0) -3.19658000 0.88659800  -1.83854900
0] -3.44714100 1.49133200 1.06015900
0) -2.00695900  -0.94545900  -1.32361100
O -2.23962500  -0.35293500 1.50045100
C -2.90295200  -0.33372600  -1.97982000
C -3.69292000  -1.12652100  -3.03050400
C -3.49251300  -0.43366500  -4.39080400
H -3.84441400 0.60720000  -4.36220000
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-4.05242100
-2.42789100
-3.20359900
-2.14558600
-3.79066300
-3.30777600
-5.20515500
-5.54052700
-5.74808500
-5.52531000
-5.82877400
-5.87992000
-6.07770500
-6.32297200
-6.01880400
-6.21595900
-5.71904600
-5.48685800
-5.25917100
-5.60319900
-6.26754500
-5.92766000
-4.16766400
-3.72434100
-3.68746200
-4.42786400
-2.72051000
-4.16083900
-3.15200900
-4.84559100
-4.48015600
-3.20616400
-0.83643300

0.15547300

0.41138100
-1.05250800
-0.79485600
-0.15677600

0.62441300

0.43558900

0.80104600

0.98967300
-0.62822200

0.11368400

-0.97055300
-0.42991800
-2.57523400
-2.61638300
-3.12084500
-3.09852400
-1.06912700
-0.02761000
-1.67012800
-1.55457800
-2.89961900
-3.61387000
-3.32576700
-4.37362000
-2.41948300
-2.76035200
-1.06859900
-0.65770900
0.39075400
-0.07215300
-0.35978600
0.91710100
0.07600800
-1.21244100
-2.06304800
-1.45271000
-1.09769400
1.24347600
1.39470500
1.02669600
2.18060000
0.43206300
0.04639000
1.23427100
0.62003500
3.05675500
2.46538900
2.45562900
3.25420300
2.55846400
1.52214500
3.10208600
2.53919700
4.69598300

S61

-5.17270000
-4.67555500
-3.11324100
-3.41040000
-3.86843000
-2.15370000
-2.65415300
-2.76240700
-3.40045800
-1.26041400
-0.99804200
-1.82385100
0.30974300
0.50247400
1.37223800
2.39178000
1.13759400
-0.18298800
-0.37665700
2.26624500
3.09628400
1.91212900
2.85590300
3.55619800
2.86340700
4.36910900
3.98887600
3.85925400
4.27584300
4.69448800
3.38134100
1.71338600
0.05866700
1.43351100
-1.49172400
0.91546800
-1.92581800
1.57272500
2.62461500
3.98479700
3.95510500
4.76637100
4.27135700
2.70033500
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-0.94855800
0.68741100
0.21631500
2.13579500
2.48516200
2.67185100
2.46270100
2.81920400
2.88669000
3.10065600
3.38509900
3.02905000
3.25996100
2.67515000
2.40017200
2.13438500
2.57290100
3.24992000
2.89676000
1.15072600
0.70812600
0.65963400
1.42236600
-0.28747400
1.17947700
0.17876900
1.86478100
1.52318000
0.17358100
-0.03248000
-0.14417700
0.62285400
-1.26304800
0.49682600
-0.40203700
0.23101400
1.22343800
-0.33610500
-1.33541000
0.80801900
1.92814300
2.15512000
2.52745100
3.69570500

4.72333800
5.25245600
5.21574700
3.21821500
2.18255600
3.82398900
3.70428100
5.03702200
5.74799300
5.45509000
6.49388200
4.55056100
4.88217000
3.21246400
2.81151000
1.77349600
2.20707800
2.48707300
1.22655600
2.03766000
3.31347400
4.17142500
3.55058800
3.18664900
0.85768200
0.67272000
1.08093300
-0.06351500
1.68687500
-2.41654200
-1.50938200
-3.46925900
-2.91205400
-2.46731800
-3.37761100
-1.41808100
-2.87900500
-4.44925200
-2.98211900
-2.83722500
-3.83776200
-4.55041800
-3.79647700
-4.65572800
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2.98431800
3.45838700
1.73812300
2.24918800
2.35529900
2.99677300
0.85759400
0.60103100
1.42874200
-0.70311800
-0.89125500
-1.76680200
-2.78262600
-1.53635500
-0.22154300
-0.03393300
-2.65803000
-3.48038300
-2.28521700
-3.27103000
-3.99286300
-3.30880400
-4.79711800
-4.44304500
-4.25943000
-4.68219900
-5.09219700
-3.76760500
-2.14220600
1.82132800
2.80564100
2.39118900
1.55221200
-1.90939400
-1.20889300
-2.01409700
-2.60908200
-1.40035700
-0.81892800
-0.46803300
-0.39813900
-1.33686300
0.74867000
0.95878000
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Int3

Zero-point correction=

3.66886100
3.54388200
4.95235700
5.61369900
5.45624000
6.76594500
5.21734100
6.60798300
4.94007200
7.26431700
7.26875600
6.99507000
8.16175000

Thermal correction to Energy=

Thermal correction to Enthalpy=

-4.86049900
-5.58419400
-3.93989700
-3.11164300
-4.05924100
-2.41858500
-3.00745300
-3.36348100
-4.69819700
-2.54364800
-1.76861500
-3.46200800
-1.99499500

Thermal correction to Gibbs Free Energy=

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

@
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0.76125100
-0.18072300
-0.98648100
0.11325900
-0.84329400
-1.53021000
-0.87077000
-0.78253900
1.07767100
2.04336500
2.56516400
2.68051200
-0.10992600
0.21944700
0.97987300
-1.05354200
0.09633800
-2.01256300
-2.38444400
-1.84631600

-1.43571600
-0.57087100
-1.11252900
-0.18979100
-2.18377200

1.29418700
0.44153800
0.39952400
-0.58141400
-0.94038100
0.29719500
-1.65331100
0.84930000
-2.70187000
-3.25512700
-2.59361400
-3.69939400
-0.74266900
2.27693500
2.64288600
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2.03487200
0.39513900
0.55557800
1.47415400
-0.74877100
1.09917500
2.48740500
-1.12471600
-1.46892900
-0.20098000
1.81828600
-2.14188400
-0.49628000

0.341389 (Hartree/Particle)

0.364234

0.365178
0.284832

-1276.445929
-1276.423084

-1276.422140

-1276.502487

-0.26606400

-0.93621000
-2.10607700
-2.38051400
-2.24544100
-0.82677200
-0.07709100
1.11008300
-2.70365100
0.02566500
-0.27497300
0.55684700
-2.62035600
0.21726600
1.18070200
0.69933300
-0.74381400
-2.12967200
-0.14681700
0.73609400



H -2.48293700 3.08061500  -0.88522100
C -3.70966500 1.66579000 0.20423600
C -3.95902000 1.19122200 1.50035700
C -4.69915000 1.52639900  -0.78208500
C -5.18196900 0.58828200 1.80641700
H -3.18833900 1.29150800 2.26749600
C -5.91926300 0.91993400  -0.47716000
H -4.50990000 1.89976700  -1.79229300
C -6.16176900 0.45006100 0.81854400
H -5.36934500 0.22383700 2.81935200
H -6.68554100 0.81754900  -1.24949400
H -7.11764600  -0.02224300 1.05861800
H 1.93099700 1.03992000  -0.76982700
C 3.91525900 0.74701200 0.02280900
C 4.29943800 2.07190900  -0.30509300
C 4.90464200  -0.06605400 0.63356600
C 5.58070200 2.55452200  -0.03901100
H 3.56375700 2.72948300  -0.77832900
C 6.18330200 0.41976100 0.89997600
H 4.66677800  -1.09810400 0.90146000
C 6.53904300 1.73443100 0.56823200
H 5.83421900 3.58412400  -0.30840200
H 6.91720200  -0.23951100 1.37296800
H 7.54365800 2.10976400 0.77774200

TS2

Zero-point correction= 0.339587 (Hartree/Particle)
Thermal correction to Energy= 0.362209
Thermal correction to Enthalpy= 0.363153
Thermal correction to Gibbs Free Energy= 0.283847
Sum of electronic and zero-point Energies= -1276.412954
Sum of electronic and thermal Energies= -1276.390333
Sum of electronic and thermal Enthalpies= -1276.389389
Sum of electronic and thermal Free Energies= -1276.468694

C 0.66150400  -0.27544400 0.08779500
N -0.04903600 0.95086100 0.11214900
C 0.35981300 2.11916500  -0.65190300
C 0.66628900 2.59493300 0.71493800
H 1.20057100 1.89342700  -1.31028300
0] -2.19484800 1.71230000 0.01137300
C -1.36818900 0.99659700 0.74651900
0] -1.59679500 0.45343900 1.78871500
H 1.63725800 2.41172200 1.17158400

S64
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Zero-point correction=

2.06132700
3.09185400
2.36249300
-0.08871600
-0.11461000
0.46484300
-0.23548400
-1.38601600
-0.46442400
-3.56957200
-3.54649600
-3.89030400
-4.42536400
-4.54000400
-5.08965900
-5.30711600
-4.01570800
-5.85788300
-5.00409000
-5.96674300
-5.39043200
-6.37401600
-6.56777900
2.90738700
4.50345100
5.46007700
4.99999600
6.82572200
5.11053700
6.36502500
4.30881200
7.29319300
7.53249400
6.71164800
8.36243000

Thermal correction to Energy=

Thermal correction to Enthalpy=

-0.39611500
0.51269500
-1.44508200
3.14290700
-1.52680400
-2.57346400
-1.93319300
-1.45367800
2.59673700
1.85462700
1.89324600
2.82270400
0.72975300
-0.46911200
0.85681500
-1.52250600
-0.57625900
-0.19639900
1.78950000
-1.38825500
-2.45236900
-0.08656200
-2.21300600
1.58618600
0.16386100
1.20380700
-1.16346500
0.93803900
2.24047300
-1.42619300
-2.00492300
-0.38101200
1.76904400
-2.46349600
-0.59309000

Thermal correction to Gibbs Free Energy=

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

S65

-0.05756000
-0.13477100
-0.09333000
1.28148900
0.32394200
-0.30944000
1.61694000
-0.15604400
-1.18658400
0.49301500
1.58919100
0.09148200
-0.01766100
0.70362900
-1.24671000
0.20103000
1.65492300
-1.74879700
-1.81089200
-1.02513200
0.76894000
-2.70575100
-1.41633800
-0.13458900
-0.23350300
-0.33538800
-0.23151900
-0.43178600
-0.34026500
-0.32905500
-0.14901700
-0.43035800
-0.50960400
-0.32424000
-0.50592100

0.345871 (Hartree/Particle)

0.367654

0.368599
0.290744

-1276.554047
-1276.532263
-1276.531319



Sum of electronic and thermal Free Energies=

@)
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0.84378800
0.03393400
0.76293000
1.91513200
1.14087800

-1.86121800

-1.23835100

-1.73635600
1.49905800
2.16687300
2.90038300
2.76624400
2.44013600
0.23422100
1.14455600

-0.17161400

-0.80780100
0.06374900

-3.23938000

-3.39221800

-3.36367200

-4.18198200

-4.35465800

-4.88421800

-5.21208400

-3.80592400

-5.74861600

-4.75326000

-5.91289800

-5.33845800

-6.29265000

-6.58671200
3.42831200
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6. NMR Spectra of Products
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9528/
1566~
9P

6E'89—

S8'9L

L0117

8T'LL
or'8il
zz oz
£0'zel
v8'€zl
L0v2l
012
e1'L2h
6,21
6582} 1
9v'8zl
582+

16'82L ¢
€OlELF
9g'lEL]
60ZEL
ceZEl

s9gel
99y}

0Z¥5h—

T
118

T
119

T
120

T
121

T T
123 122
f1 (ppm)

T
124

N)J\OBn

‘ i “ ll i
Figure S4. 3C NMR (150 MHz, CDCI;) Spectrum of 3.

T
130

T
0 160

T
T

1

T
180

£1 (ppm)

S71



crelo-—

NJLOBn

CFj3

—00°¢

-105 -115

-95

-50 <55 -60 -65 -70
f1 (ppm)

-45

-40

-15 -20 -25 -30

-10

Figure S5. ’F NMR (565 MHz, CDCl;) Spectrum of 3.

G8L L
68L°)
€6L')
66L')
£08'L1
108}
118
cigl
15T
0912
99|
viL'T
0812+
wva\\m
€6LT]
zo0ze]
Leee’
595°€1
0.5°¢1
€89}
065°€

L65e]
609°€
v19€
€LLE
08L°¢
18L€
€6LE ﬁ -

66L€
908°c
£18°e
0z8'c R
ozi

SIS

2T
VTS
5909 o
2209

£20',
660'L- \
12L.
L5V
£sz'L
vees
el
8ve'.
vee.
0.6,
c8e/
66¢'L

NJ\OBn
CF3

=00t

=00t
=00°¢

=002

=00t

=00¢C

=20k

=002
00z
Fo0's

0.0

0.5

n

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.5 7.0

8.0

9.5 9.0

1O

Figure S6. 'H NMR (500 MHz, CDCIl3) Spectrum of 5.

S72



Lo'le—

85ze’
80'6€~
ZEVP

GE'89—

LZ'0zl
z0zel
8THTl
VeVl
ecvTl
98HTL
98T
9821 1
£v'8ZL 1
298211 #
SS62L
JEATSIR:
€9'lEL+
Y
60°2EL
so'geL
695l
p9'6EL’
0TSl —

O
NJLOBn

CF;

L

T T T T
0 140 130 120 110

T
13

1

T
70

1

T
180

£1 (ppm)

Figure S7. 3C NMR (150 MHz, CDCI;) Spectrum of 5.

8V6°19-—

0
NJ\OBn
CF,

—00°¢

2 BE]

-55 -60 -65 -70
f1 (ppm)

-50

-15 -20 ~-25

-10

Figure S8. '°F NMR (565 MHz, CDCl;) Spectrum of 5.

S73



8221 [ <
rAgAR .
108’} o=
508'L
608} Lo
518’} c
6181 - m
mmm_; [ = o r
1281 =009 y6'cC— HA
mmmff v O _ O
69Ty " ovze—
goLy i oLee’ \
i zo0t| ;  S06E”
8L P
1812 F c
z612’ =
158'C —= F00%| o 2
Ew_ﬁ “ S
5882 . <
668°C =00z = n ‘ag-—
295°e Id =001 =) yee
195°¢] L o m
615°€
185°€ . @
€65'c T < N
009°¢ = W
S09°€ F &= .
| w o 6 oN;
8llc I ia M 00zzh
G8L6 = 18'€ZL
: L o LEvTl
el c — T e 2 ey,
A Q . T ogeven
v08'c O o | o ek
18e L © o 6evel
glg'e OHA S) i n o 89el]
msl = et R
Lk \ ~005 2 ezl
612 Lo = s |
Phe's - 8y'8Zl
109 = eclely
550'L 6L1EL
891/ z9'sel
ety - Z6'6EL
e x: sllpl]
056"/ LLPGL!
wy
s9e'L e
08¢’
L 2

10

20

30

40

90
o

1 (pp

£

w100
S74

120

120

140

Figure S10. 3C NMR (150 MHz, CDCl;) Spectrum of 6.

150

160

1

180

0



(0]
NJ\OBn

L¥6'19-—

CF3

—00°¢

=115

~-60
f1 (ppm)

=55

-50

-40

wn
B

-15 -20 -25 -30

-10

Figure S11. '°F NMR (565 MHz, CDCl;) Spectrum of 6.

|,

669}
g8eee
veee
ovee
ivee
¥09'e
609¢
129'e
629t
geoe
FARS
£€99°¢
6.9¢
g89'¢
169
cree
e¥8'e
998'¢
298¢
898'¢1
§gl8°¢

z88'c”
€229
YT
852G
€825
LELg|
8€1'9
zTTL
8€TL
0S€L
e
S9EL
89€°L
TLEL
6L
€61
907" L+
607°L
SiyL]
0ErL
ey L]
ovL
9gt'L
VivL
€99,
0L5L
9/5L
165 L

CEVS

NJ\OBn
CF,

F00'L

=00°L

ooz
=00}

®00¢

=00'L

=00
Foos
=007

0.0

0.5

2.0

2.5

3.0

3.5

4.0

0 45
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

[K0)

Figure S12. '"H NMR (500 MHz, CDCl;) Spectrum of 7.

S75



9sze”
02'6E~
W,

9’89

68'9/

ob'LL w
okttt
86°€Z)
Lovel
c0vZl
(4]
cvlzl
99'/T11
96'/2)
1’821
15'8211
85821

88'8Z1+
LE'LEL
89'SEL~
0z0vL
99'07L 7/
VoLl

ceysl—

O

12415

92'0ch

8 €el,

86°€ZL
Lozl
£0VZL |

n

NJJ\OB

CF3

Ph

n

i

40

70

T
110

T
120

T
130

170

0

£1 (ppm)

Figure S13. 3C NMR (150 MHz, CDCl;) Spectrum of 7.

988'19—

NJ\OBn
CF3

Ph

—00°¢

-25 -35 -45 -55 -65 -75 -85 -95 -105 -115

-15

Figure S14. °F NMR (565 MHz, CDCl;) Spectrum of 7.

S76



¥SLL
0oL}
99/}
6LL1)
£6.'}1
81T
9912
LT
08LC
9812
¥612
66121
8022+
P
(K18
£95°¢
LLS°E
L1S€
065
m%i
609°¢
9 Gi
€617
66L°€
908°¢
zi8¢
618
GZ8'¢f
268°¢
8€8°C
781G
802G x

——

€2's
LPTS
509"
Lp0'9]
0869
1669’
¥10'2
080
060°L
160'L
L0V,
9ge’L
eveL
6YeL
eseL
698,
18gL
568"

—

NJ\OBn
CF,

200t

L0k

00T

0L

=002

=00'L

2002
‘00T
F50'S

0.5 0.0

1.0

(1)

5.0 4.5 4.0 35 3.0 2.5 2.0

5.5

6.0

7:5 7.0

8.0

9.5 9.0

[X¢]

f1 (ppm)

Figure S15. '"H NMR (500 MHz, CDCl;) Spectrum of 8.

8928/
18'86—
&

€V'89—

99'GhL
08'GLL
zhozh A_/
612l
0L€eh|
or'8zh
LY'8TL
25821+
Nm.mmi
L6821 ,ﬁ
B.Nm;,,
0ezEl
85°GEL
zesel!
ZLYSL—
L0191
0429}~

NJJ\OBn

CF;

P -

T
70

1

T
180

f1 (ppm)

Figure S16. 3C NMR (150 MHz, CDCl;) Spectrum of 8.

S77



88Y'GLL-—

ce0eo—

NJ\OBn

CF3

=00k

-00¢

-40 -50 -60 -70 -80  -90 -100 -110 -120 -130 -140 -150 -160 -170
f1 (ppm)

-30

-10

Figure S17. °F NMR (565 MHz, CDCl;) Spectrum of 8.

SZL 4
LelL
SyLL
8.1
ViLL
g8/}
Z6L°L
85121
1912
21z
1812
9812
612
0022
BBEE,
GlS'€
885°¢
€65°€
509°€
68L€"
96.°¢"
€08'¢]
608°c’

Nm_..m/
902G~
1

S Nt —

0ce's
sve's’

1209
8209
9502

€L0°L]

qmm_b“/
VLT L
882\
9€eL-
6vE'L]
€56L

89|
08g’L
zeeL

0
NJ\OBn
CF,

Cl

5

U

Fe60

Foo't

ooz

2004

Fzoz

Foot

00T
Wao T
00's

0.5 0.0

1.0

w

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

9.0

9.5

[X¢]

Figure S18. '"H NMR (500 MHz, CDCls) Spectrum of 9.

S78



osze”
26'86~
8T Y.

ov'89—

08'9.1

o= p
@M

o)
L

OBn

@)

L0'LL

)4
ottt
06'Lct
gcect
8c'ecl
Le'ecL
€e'ecl
4414
Ly'8C :
€9'8Cl
6.'8CL1
y0'6CL

€0Ce L

!

12TEL

om.mm:»_

-

662€L-| 6002k —

pS'seL)

L0'LpL!

sz6el)
8TETh
Leszh
geezt’

T T T
120 19 118

T
121
£l (ppm

IO e 1 |

T
122

o
]

1

T
124

T T T
140 120 120

150

160

90

100
1 (pp

110

170

180

@)

£

Figure S19. 3C NMR (150 MHz, CDCl;) Spectrum of 9.

0
NJ\OBn

CF;

Cl

L¥0°C9-—

—00°¢

2 BE]

-55 -60 -65 -70
f1 (ppm)

-50

-15 -20 ~-25

-10

Figure S20. '°F NMR (565 MHz, CDCl;) Spectrum of 9.

S79



vl v
vrLL
1SL')
0LL'}
v8L'1
06.'L1
2512
1S
9912
LT
g |
981Z
8124
6612+
8022
vize!
8ys'e;
095°€y
895°€
viSE
185°€
68L°¢
g6.¢
z08'e]
8os'c’

Z81'G,
902’5
&Sw
sve's’

2109
qmo_mv
00027

L10°L{

mmm;
6e Ly
£GE LA

89~
BLEL]

Nmm%
vev'L)
W2

Br

(0]
NJ\OBn
5
CF3

il

|

=00°L

=00t

£50C

=00'L

®L0C

=00t

=00C

»00'S
007

0.5 0.0

1.0

(1)

2.0

2.5

3.0

4.5 4.0 3.5

5.0

5.5

6.0

7.0

7.5

8.0

9.0

9.5

[X¢]

f1 (ppm)

Figure S21. '"H NMR (500 MHz, CDCl;) Spectrum of 10.

vprze”
8685~
8T P

or'89—

8002} 1
00124
6812}

L1€T)

0T'€T 1
zr'sehy
8’82} |
€5'82L\
91621~
00zet ]
Lezel)

pggel
09’11’
LOYGL—

NJLOBn

CF4

Br

i

T
110

T T T T
140 120

150

160

100

120

1

180

f1 (ppm)

Figure S22. 3C NMR (150 MHz, CDCl;) Spectrum of 10.

S80



§€0C9—

NJ\OBn

CF;

Br

—00°¢

2 BE]

=55 -60 -65 -70
f1 (ppm)

-50

-15 -20 ~-25

-10

Figure S23. °F NMR (565 MHz, CDCl;) Spectrum of 10.

=

o)
NJ\OBn
CF4

FsC

UL l |

00k

660

00t
=00k
=00t

=00¢C

200t

102
5005
=007

0.0

0.5

n

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

Figure S24. 'H NMR (500 MHz, CDCls) Spectrum of 11.

S81



Plokd -l
££'6E~
8T~

rG8Y,

g8'lcl

NJ\OBn

CF3

FsC

8T
0Lzt
€L22)
9,2zl
61Tl
8'sZ)
L8'STH
06'sZ}

26'STh
S8'LZ1 1
LYzl
zs'8eh

558z}
sy6el
L9%62L7]
98°zel/
8r'sel’

699Vl —
covsl —

T

130

110 100

120

140

150

160

0

180

£1 (ppm)

Figure S25. 3C NMR (150 MHz, CDCl;) Spectrum of 11.

66529
96029~/

NJI\OBn

CF3

FsC

~00°€
oo

-105 2 BE]

-95

-90

-15 -20 -25 -30 -35 -40 -45 -50 -55 -60 -65 -70
f1 (ppm)

-10

Figure S26. '°F NMR (565 MHz, CDCls) Spectrum of 11.

S82



8L}
16L')
S6L°)
008’}
€181
1281
59121
VLT
612
1812,
€612
1022
9022

86C°C—

LSS°€
295°€

G/S€
€85°€

685°€1
L09°€
109°€”/
129°¢]
€€9°€

6E9°€

88.°¢
v6L°E
Lo8'€
L08°E]
v18€

0z8'e

128°€

€e8e
98L'S

0LZ's

12T
9vZS|
£90'9]
0909

¥20'L
Lp0L
8€LL
CIVE
128l
seel
eveL
8yeL
¥5€'L
0/EL
z8¢'L

—

T

=

96€'L

NJJ\OBn

CF5

AcO

=00t

v00'L
00°¢

00}
2001
200k

=00C

=00k

=007
00
Foos

0.0

0.5

n

2.0

w

4.0 35 30

50 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

95 9.0

1O

Figure S27. 'H NMR (500 MHz, CDCl;) Spectrum of 12.

bole—

lsze”
¥6'8€~
8T VP

cr'89—

zLozl
v6'12l
0022}
z9€el
S9'€TL |
19°€TL
0L°€2H1
or'szl
or'szl
678211 ﬁ
€582}
08’1k
€0'ZEL
9zzeL ]
6rZel]
LsseL’
pLopL’
99671 —
LLySL—

617691 —

AcO

T

130

110 100

120

140

150

160

0

180

£1 (ppm)

Figure S28. 3C NMR (150 MHz, CDCl;) Spectrum of 12.

S83



LLLL
08L')
68L')
86L°)
208'L |
1181
88LC
8612
202T
1ZTy
9122
522
0€22
66T
vra'e
055°€
£95°€
695°€
9/5°¢
685°€

¥69°€”

119’
€89°¢

689°¢

9z8'c
z€8°e
6€8'E
SP8E]
zs8°c
658
G98'c
128°€
206°¢
g8L's
6025
¥2z's
8¥T'S
2509

N

e

e

6509
961,
elel
0€e’L]
8EEL
eve'l
8VE'L
voe'L
LIEL
cee’L
€L6'L

686'L°

0]
NJ\OBn
CF3

MGOZC

F00'L

=00t

00't
Zoot
=00
oot

=00¢C

=00k

=00¢C
00§

=00

0.0

0.5

n

2.0

w

4.0 35 30

50 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

95 9.0

1O

Figure S29. 'H NMR (500 MHz, CDCl;) Spectrum of 13.

zeze/
8r6e—
v
5175

8v'89—
82811
60021
16121
56221
16221
00zl
20'€zl
AR A%
1521
SY'8Z11
8v'8Z1 1
55821

€L'6Z1
€20l

61 ZE4
eyeel
sozely
88'2€)
zgisel”

917Ivl—

SO¥SL—

L4991 —

NJJ\OBn

CF3

M602C

N

T T T T T T T
0 160 150 140 130 120 110 100

T

1

T
180

0

£1 (ppm)

Figure S30. 3*C NMR (150 MHz, CDCl;) Spectrum of 13.

S84



0]
N)J\OBn

¢S96'19-—

CF;

MGOZC

—00°¢

-105 -115

-95

-50 <55 -60 -65 -70
f1 (ppm)

-45

-40

-15 -20 -25 -30

-10

Figure S31. '°F NMR (565 MHz, CDCl;) Spectrum of 13.

0]
NJ\OBn
CF3

Cl

Juh LL R

=004

=00'%

00T
=00k

=00¢C

00t

00'L
Wee.w
7002
R 00's

0.0

0.5

n

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.5 7.0

8.0

9.5 9.0

1O

Figure S32. 'H NMR (500 MHz, CDCls) Spectrum of 14.

S85



< o TOOONTOWUONNONOMNONTON O
o o ONMNOOND~WOTTONMOO OO OO ol ~ow
YN NNS GO DN NIS G NN NN o NN o
- - rFrFrTFTTEFTEFEFEIFESIFTEIFET oo e e w0 R
LN er— : 2 i
Jol\
N OBn
Cl Z
CF;
0 180 170 160 150 140 130 120 110 100 %0 B0 70 80 30 40 30 20 10 -1
£f1 (ppm)
Figure S33. 3C NMR (150 MHz, CDCl;) Spectrum of 14.
<t
(o]
%
©
:
Jol\
N OBn
Cl P
CF;
A A
1
o
S
™
) -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 »55‘ -60 -65 -70 -75 -80 -85 -90 -95 -105 -115
f1 (ppm)

Figure S34. '°F NMR (565 MHz, CDCl;) Spectrum of 14.

S86



L6L'L
€08’
z18
S18'1
818'L
9122
12ee
6222
S€2T
Yr2T;
Y22
LGS
€95'c
9/5°€
€85'c
685°€
209°€;
L09°€
969°€
z0L'€
80L'€-
8€8'c
sy8'e
1G8'c
1G8°€’
798°¢ |
L/8°€
L18°E]
¥88'¢
€6L's
112
L22S|
LST'S _x
$¥0'9]
1509’
€521,
€184
82€ L\
seel
eve L
8ve'L
egeL
69EL
18€L
Lov'L
Tyl
evyL
8Gh'L
S152
0€5'L

e —

0
NJ\OBn
CF,

F3C

500t

=00t

#00}
=00k
004

00T

00t

0L
Moo.w
*00°L

0.0

0.5

n

2.0

w

3.0

4.5 4.0 3.5

5.0

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

f1 (ppm)

Figure S35. 'H NMR (500 MHz, CDCl;) Spectrum of 15.

or'ze’
6E'6E~
62 7h~

15%8%,

0.¢Ch

O
NJLOBn

CF3

FsC

2445
801zl
Lvel
821zl
LEvelL
revel
SY'8zh
8v'8zl
55821
SP'6ZLA
SL0El
9L'LELA
Ly LEL

|

65G°CELA

:

187TEL—
Ly'sel’
PSEpL—

[4h <13

§8'6LL—

mm”mmﬁ
02211
viTTL

S

110.0

122.0 1210 120.0

123.0

£1 (ppm)

S |

T

130

110 100

120

140

150

160

0

180

0

£1 (ppm)

Figure S36. 3C NMR (150 MHz, CDCl;) Spectrum of 15.

S87



(0]
NJ\OBn
CF3

FsC

629'¢8\

¥2029-"

<00°€
oo

-105 -115

-95

-50 <55 -60 -65 -70
f1 (ppm)

-45

-40

-15 -20 -25 -30

-10

Figure S37. °F NMR (565 MHz, CDCl;) Spectrum of 15.

vigL:
L1g1
€28l
628l
8eg'l
8l
vr8 L]
2812
1812
9617,
10z
0122
sizz
LseT~
€l5e
8/S°€
16S°E;
665°C
v09°€
919¢
zz9¢
0z8€
9z8°¢
€e8e
688,
or8e
258°€
698°E
o8¢
Wes
€25
VTS
ves'|
160'9 %
8609
LY6'9~
969
L1027
ze0'L
80Z'.
€2z'L
8cz /]
1Ye'L
95¢'/
19g'L
voeL
69€L
v8eL
€ov'L
8LY'L

— S

NJI\OBn

CF3

200'L

=00}
=00¢

=00¢C
=00k

00T

=00}

007
100t
=00t
Koo'

0.0

0.5

n

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

Figure S38. '"H NMR (500 MHz, CDCl3) Spectrum of 16.

S88



vl

ggze’
8Y'6E~
W

pE08%

S0zl
18'€T)
el
sTHel
8THel
0EHTh
€512l
88'L2}1
0z'8zl
8e'8Tl
£v'8ZL 1
vS'8ZL
6.8Z1f
69'LE}1|

L.

€6'1€L
9LzZeL~
89'GEL~
z9'8eL”’,
lozp/ O

NJI\OBn
CF;

0Tsh \

£

1 (ppm)

Figure S39. 3C NMR (150 MHz, CDCl;) Spectrum of 16.

0619

NJI\OBn

CF;

~00°¢

2 BE]

-55 -60 -65 -70
f1 (ppm)

-50

-40

w
B

-30

-25

-15  -20

-10

Figure S40. '°F NMR (565 MHz, CDCl;) Spectrum of 16.

S89



96CC)
L0€T
(0] 354
GlET
yeec
L09°€
619¢€
829°¢
4%k
9v9'€
199'€
89.L°¢€
VLLE
c8LE
88L°¢C
76L'E
808°C
88071
6011
oLy
002's
yees
LET'S
192G
8€0'9
G091
98072
88072
LoL'L
v0L°L
oL’
(442
CTAWE
LELV' LA
ovL'L
VASTAVN
862°L

¢l Ly

182'L
LPe'L
6vE'L
eeL
8G€L
Log’L
/€L
cee’L
LOV'L
€95°L
oS,

—

6.9,

NJLOBn

CF;

Br

al

200t

=00t

B .
004

200t

#00'L

00T

Foot

#0077
=00}
500
Roo'L

0.0

0.5

n

2.0

w

3.0

4.5 4.0 3.5

5.0

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

f1 (ppm)

Figure S41. 'H NMR (500 MHz, CDCl;) Spectrum of 17.

Ly'0e—

£€8'86—
ey —

LT3

86'121
izl
IR}
8l'€zl
1zeel
08'€zl
L0VTL
1622}

5¢'8zl
Zr'8el
8Y'8Z1 1
558211
198211

72821
LLTEL
00€st 7
9zeel
65'5EL
L9'LpL

80¥5L—

Se8hL— 4 "
LL0ZL— —3 I8
| s ®
8dst — ¥
9L'€zhy
8Lzl e
Jr& A%
L0721~ L3
C
omn
ST
o= B
pd
\
| .
m

T

130

110 100

120

140

150

160

0

180

£1 (ppm)

Figure S42. 3C NMR (150 MHz, CDCl;) Spectrum of 17.

S90



[ASHA

NJI\OBn

CF3

Br

—00°¢

-105 -115

-95

-50 <55 -60 -65 -70
f1 (ppm)

-45

-40

-15 -20 -25 -30

-10

Figure S43. °F NMR (565 MHz, CDCl;) Spectrum of 17.

€TL L
6z}
SPL L
1SL1
89/}
18LL
88L'L f
8pl'T

wﬂL
€912
8912
LT
z8L'Z]
6L
961Z
5022
Lz
208'€—

60C'S
9 Fm.mv

E70'9y
gege

mhm&
mom.m,w
0Z6'9-

8002
102

£20'L ﬁ
920°L
zeTL
8¥Z'L
vsz'L
vee'L
1882
LyeL
ove'L
L9g'L
LIEL
£6¢°L

0
NJ\OBn
CF;

OMe

o0t

=00t

s00't
00't
00¢
Eo0't

00T

=00'k

7002
=00'}
=00'}
Eo0'g

0.0

0.5

n

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.5 7.0

8.0

9.5 9.0

1O

Figure S44. 'H NMR (500 MHz, CDCl3) Spectrum of 18.

S91



0€'0e~
ocee

8yvy—

0e'9G—

0287,

25°0L}

85Zil
LL0Z)
990z}
6222)
092}
€9zl
99z}
692} 1
6082} 1
8Lgch
le'sel

0v'8e)

|

05'8¢l~

L

LLOEL

LLLELT

50zl
€156l
68geL

8CPGl~
L9951~

NJ\OBn

CF3

OMe

T
150

T
160

0

T
180

Figure S45. 3C NMR (125 MHz, CDCl;) Spectrum of 18.

668'19-—

N)j\OBn

CF;

OMe

—00°¢

-105 2 BE]

-95

-90

-45 -50 -55 -60 -65 -70
f1 (ppm)

-40

-15 -20 -25 -30

-10

Figure S46. '°F NMR (565 MHz, CDCl;) Spectrum of 18.

S92



69’}
y0L'L
0LL')
zelL
g8LZ
6L
66LC
502
€122
8122
%4 |
229°¢-
ee9'e
epoedl
8y9'c
099°€
G99°€;
veL'e
oL
8v.¢
GGL'E-
09L€
99/°¢
viL'€
L08°€"
8¢
1z8'€
828°¢
ve8'e
961G’
02Z'S
1625
sszs)|
8509/
§90'9’
2104y
120°L 7
8202’
vsiL]
EIVE
L
8€EL
oveL
lse'L
ssel
69E'L
vi€L
68E'L
Sov'L
80V'Z

0
NJ\OBn
CFs

=00t

»00'}
=00°¢

L00°L
00}
o0t

=00C

=00t

=00k
00°€
Foos

0.0

0.5

n

2.0

w

4.0 35 30

5.0 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

Figure S47. 'H NMR (500 MHz, CDCl;) Spectrum of 19.

€Tl —

€8'0€—
6LGE—

cl vy —

189

gzoel
v0'ZZ)
05'veh
zsvel
z5'9el
502l
vz 1Tl
LE'8T}1
vy'8el
258211
€80} |
602}
eezelt
9z'SEL
595l

8€8LL—

98°¢el

T T T T T T 1
124 123 122 121 120 119 118

f1 (ppm)

0 140 130 120 110 100 90
£1 (ppm)

15

160

0

180

Figure S48. 3C NMR (150 MHz, CDCl;) Spectrum of 19.

S93



(0]
NJ\OBn

116719

CF3

-00°¢

-105 -115

-95

-50 <55 -60 -65 -70
f1 (ppm)

-45

-40

-15 -20 -25 -30

-10

Figure S49. °F NMR (565 MHz, CDCl;) Spectrum of 19.

vOL ¥
66L'L
€18l
Lz8't
128}
668’}
zs8'L
658') |
0512
8512
voL'T
0.1 ﬁ
81124
vw_&
6L
861Z]
1022’

1oL
58.°¢]
Z6L°€1
86L¢-
08¢

zi8e]
8l8'e

2909
69091
26291
1629
8Y€'9
€569
18€9’
SLEL,
Ve
8ze'L
9ge’L
el
oveL
BYEL
yoeL
6.8
g6e'L

o]
NJ\OBn
CF3

OMe
A A

MeO

Am

N

Foo't
00k

¥00Z
00'9
o0

=Loe

+00'L
/00T
00t

=00'S

0.0

0.5

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.5 7.0

8.0

9.5 9.0

1O

Figure S50. '"H NMR (500 MHz, CDCls) Spectrum of 20.

S94



© O N~ TOUNANNOT—©OO

- - O VAWM OINEN O o) o IR
5 3 W WrDBOON®@ D « « MmN
© 4 OOoAANNNNNS®  © 0 %} Igd
- v v Trrrrvrecee O © 0 ® o
| | | NN \E——— | | | NS

»=o

N OBn
MeO g
CF3
OMe
T T T T T
122 121 120 119 11§
£1 (ppm)
T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 B0 70 80 30 40 30 20

£1 (ppm)

Figure S51. 3C NMR (125 MHz, CDCl;) Spectrum of 20.

D
o
@
b 0
N OBn
MeO >
CF3
OMe
|
S
™
10 -15 -20 -25 -30 -35 -40 -45 -50 -5 65 -70 -75 -80 -85 -90 -95 -105

Figure S52. '°F NMR (565 MHz, CDCl;) Spectrum of 20.

S95



2€9'hy | <

or9'l .

859} P

1922

€l22 Lo —

ek s o zzT8ll

1822

622 o P _.n_ws I =

L0ET

9/5°¢1 = L= . —_—

e | N\ =10 ggog— 00k

€65°€ [ _

Now”n . o n GE8E—

L09°¢ m—— by 8Lvy— _

029°¢ N F R 1S 98'1zZh—

529°€ m g

GSL°€ | o 2

19 “ w

89/°€1 —

el | @) L2 & . 89'€Z1
%00'4 2589

I8¢+ m =00'4 =

L8LE =00k 2 O

S6L'E A

108 ﬁ a. = zT8LL

€20t | <E N S0°02ZL

0801 £ W 9812}

90t - ge 89°€Cl

erOH s _— 1,07 =3 9zvel

18L'S | » %) 8182} |

029 “ R 9Y'8ZL |

rees e = 158211

S A _— ) Bl z, G5'821 1

5/6'G] s 6E6Z) 1

286'S" L @ = z8ZeL |

16697 el 06ZeL|

102 ] - 5 ELEEI c

VET Ly e il ® 9e'eel 3

SET Ly —— 4744 = 098l |

LT 3 Seoit 2 on oreet O

szl = 8Y'SEL | >

VESL | o 0Z0p}- \

el = 86°€5L—

LYEL

Lse'L P

99¢’L

viEL L o <

8L, ® @

06EL "

viSL &

815/ R

1s

119

120

£1 (ppm)

121

2

12

123

90

100 )
£1 (opm)
S96

110

120

130

140

CF;
Figure S54 '*C NMR (150 MHz, CDCl;) Spectrum of 21.

0

5

160 1

70

180

Cl




800C9-—

o]
NJJ\OBn

Br

CF;

Cl

=00°¢

-105 -115

-95

-50 <55 -60 -65 -70
f1 (ppm)

-45

-40

-15 -20 -25 -30

-10

Figure S55. °F NMR (565 MHz, CDCl;) Spectrum of 21.

968}
616°
§26')
€86'L
686'L
666'}
5002
10T
2012
0zLZ;
891Z
88LZ
0022
8022
€€22
0522
1922
Wrara
1622
viLE
6LL°€
86L°€
v0Z'€
vzze
622°c"
g66°c]
€00
010
LL0Y *
A4 as
8Ty
sevy
8y ﬁ
Sty

vy
prLe]
891 g
652
¥82'
€v0'9
0509
018'9]
ezeL
LesL
9ggL
oveL
9se’L
s9gL
89¢'/
188,

]

———

—

NJ]\OBn

CF3

roo'k
700}
L0'6

Foo't

=00°L

=00'}

=00}
=00t

=00't

Fooz

2005

0.0

0.5

2.0

uny
]

3.0

80 75 70 65 60 55 50 45 40
f1 (ppm)

8.5

9.0

Figure S56. 'H NMR (500 MHz, CDCl3) Spectrum of 22.

S97



5 ) -60 -
f1 (ppm)

Figure S58. '°F NMR (565 MHz, CDCls) Spectrum of 22.

S98

CANNOONDOODONOT OO
OUMN—ORWOITITNOODOONT D IN] v 2 A~ >~
$comgx—ooooooooo<ocommomr\' o ©@ > o ©
DOOOOOOANNNNNN NN~ — 0 © © o o
B I .t it el i R L L © < © ISR
| T e e | | | | |
& 3 & <
© ol o o
o o s 2 0
| | | | JL
N OBn
p/
MWM CF3
; T T T T T
124 123 122 121 120 119
£1 (ppm)
[ l l ‘
T T T T T T T : T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 % 80 0 80 50 40 0 20 10 0
£1 (ppm)
Figure S57. 3C NMR (150 MHz, CDCl;) Spectrum of 22.
o
“".
©
|
JOJ\
N OBn
p/
CF5
!
p=~1
S
™
T T T T T T T T T T T T T T - T T T . T T T T
=5 10 -15 -20 -25 -30 -35 -40 -45 -50 -5 65 -70 -75 -80 -85 -90 -95 -105 -115



198');
L8')
vL8')
088'l
£68'L |
szzT
£2T
1922
9922
865°€
soge |
9l9'€

zzoe
629°€
zv9e
Lv9'e
S0L°E,
bLe
LLLg
Ewi
68°S
106°ST
806°¢
vi6c’
262G
95251
9925 |
062°S
S51°9,
29191
S51°L
v
L0E'L ]
9leL
1281
SPE'L:
09€’.
€lel
z8c'L
86€°L]
ot |
EipL
VZv'L
oey'L
StS'L
655'L
0zL'L
9cl'L
89.°L
€8l'L

-

i
NJLOBn

Fe60

CF3

g0e

0L
50°L

=00't
208
w%s
00t
Lo0

=00C

=00t

0.0

0.5

1.0

n

2.0

w

4.0 35 30

5.0 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

Figure S59. 'H NMR (500 MHz, CDCl;) Spectrum of 23.

06's2”
28'ce~
06'9€~\.
0L6E~
A4 AN

68637

8l 0zh
R
0svzTh
zevel
sevel
6052}
ST 9TH
189211
$8'9Z)

22821
zr'se)
ob'8TL |
1582}
29821
69GE L
980t ||
ST Pl
STEpL
207~

€Cysl—

(@)

8v'8lLlL

NJLOBn

T
120

T
121
£1 (ppm)

T
122

T
124

™
L
O

\

@

il

0 140 130 120 110 100 90
£1 (ppm)

15

160

0

180

Figure S60. 3°C NMR (150 MHz, CDCl;) Spectrum of 23.

S99



018'19-—

NJI\OBn

CF;

—00°¢

2 BE]

=55 -60 -65 -70
f1 (ppm)

-50

-15 -20 ~-25

-10

Figure S61. °F NMR (565 MHz, CDCl;) Spectrum of 23.

0scc
A
14T
692°C
8/¢¢T
Lo'e
9l9¢
829'¢
9€9'¢
[44°K>
y99'¢c
099°¢€
8L
ce8e
8€8'¢C
or8'e
ce8'e
898C
¥98°¢H
2.8°¢
0l2'9y

VET'S
orTS
042'S
S.L'9
28191
vST'L
LTL
vLTL
Vpe'L
Sg€'.
89€'L
£9¢°
8L
16g 'L
6L
665'L1
vivL
Lov'L
yov'L
Vip'L
SiY'L
6LY'L
98t'L
68t'L
095'2
08L'.
96L'L
Zi8L

——

e gp—

§28'L

NJ]\OBn

CF;

JM ‘ I I S

+00'L

=00'L

00'L
00k
K00t

Floz

=660

00k
405
10T
ueS
s % .
00

0.0

0.5

n

2.0

w

4.0 35 30

50 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

95 9.0

1O

Figure S62. 'H NMR (500 MHz, CDCls) Spectrum of 24.

S100



wee’
15768~
125 4aN

o

G8'EC |

8€8LL—

ceoch—

€022l
8'€Zly
88'¢2L
06'€Zl
£6'¢eeh’

R w—

18

122 121 120 119
f1 (ppm)

123

124

88 vilh
06'€Z}
£6'€2l
LLseh
v6'5Z)
96’52}
ov'gel
992z}
89'/211
8€'82)1
vv'8eL
€9'821 1
818241

80°ZE}
Lezel w,
05ZEL’r
orest |,
v9'sEL
16'6€}

8L'¥Sl

10

£1 (ppm)

Figure S63. 3°C NMR (150 MHz, CDCl;) Spectrum of 24.

L1619

NJ\OBn

CF;

=00°¢

2 BE]

=55 -60 -65 -70
f1 (ppm)

-50

-15 -20 ~-25

-10

Figure S64. '°F NMR (565 MHz, CDCls) Spectrum of 24.

S101



89L'L1
9LL'}
18€¢C
C6eT
LBET
L¥S'€
995°¢
[A°1 R
L9S°€
4R
189°¢
966
€00Y
L00V
viov
(444
620'%
€e0y
891
vivy
08¥'11
812G
[y
992'91
062’9
0Ll'gy
9lL'9
€6l'L
ole’l
[4TA
6ve'L
€9g'L
99¢€° .1
clLeL
18€°L
€0v'L1
60¥°L1
g€crL
605°L
€297
8€5° L
€697,
8092
€29
8vL'L
SOL°L
¥08'.L

f

028,
cles
62E'8"

NJLOBn
CF3

Br

|

200t

=00'}

=00k

=00k

=00t

200C

=004

00k
967
=00t
00k
00k

200'L

0.0

0.5

n

2.0

w

3.0

4.5 4.0 3.5

5.0

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

f1 (ppm)

Figure S65. 'H NMR (500 MHz, CDCl;) Spectrum of 25.

G9°0€—

yeor—
067y —

8789

L10Z)
86'12)
69'€Z)
z9'ezl
S9'€Z)
L9°€T)
16'€zl
£e'sTl
Z9'92H
652l

£8'/2)
818211
£v'8TL |
87821
95'82}

yaeel

LLTEL-
00°€El ]
LLEEL]

=t

I

L9'seL]
8z'6EL"

vivsl—

L1102 —

86'lcl—

65°€Z1
296z
S9'€ZL
B.mN;
1B'EZh

NJJ\OBn

Br

CF;

T T
120 119

T
121
f1 (ppm)

10

£1 (ppm)

Figure S66. 3°C NMR (150 MHz, CDCl;) Spectrum of 25.

S102



G96'19-—

0
NJ\OBn
CF,

-00°¢

-105 -115

-95

-50 <55 -60 -65 -70
f1 (ppm)

-45

-40

-15 -20 -25 -30

-10

Figure S67. °F NMR (565 MHz, CDCl;) Spectrum of 25.

626')1
£e6')
ov6'L
St6'L
956'}
06LC
612
1022
S0TT
0122
1122
zzee)
s85°¢1|
165

209°
809
LL9'E;
L19°¢
829 f
pe9'e

VLS
11ref
s8L'c
16L°¢
16LE
£08°c |
218
818°c
m%_&
902'S

ZLhe

BLL9

018'9
1189
Sm.i
rr89
1169
¥56'9°(
IR |
681 'L
16V'L
661'L]
1zl
seeL
ovE'L
ove'L
05€'L
29¢',
SiEL
1861

0]
NJ\OBn
CF3

=004
=00'4

=00}
=00’}
=00}

=00C

=00k

=00}
5001
200}
F00'S

0.0

0.5

n

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.5 7.0

8.0

9.5 9.0

1O

Figure S68. 'H NMR (500 MHz, CDCl3) Spectrum of 26.

S103



Spze~
e’

95’y —

87’89
8e8LL
010zl
16121
182zl
822l
982zl
6822l
IRAR
ze VT
vrvel
L0221
L8zl
88211
£5'821 1

RTIR !
9e Ll
65151/
z8'lsL]
og'sel!
08'PL—

96°€S1 —

123 122 121 120 119 118
£l (ppm)

124

NJJ\OBn

AV

CF3

10

£1 (ppm)

Figure S69. 3°C NMR (150 MHz, CDCl;) Spectrum of 26.

G88'19-—

NJLOBn

CF3

=00°¢

2 BE]

-65  -70

60
f1 (ppm)

-15 -20 ~-25

-10

Figure S70. '°F NMR (565 MHz, CDCls) Spectrum of 26.

S104



26611
¥00°¢
0L0¢
8L0¢C
820C
¥€0C
6.0C
§80¢C
¥60C
160T
00LC
L0LT

Lz
LT
1zLe]
yeLe!
€05°€}
605°€
025°¢n

9es et

625
seq°¢]
opge
285
969°C"
161°¢
$08'c
L8]
818°¢
yz8'e
0£8°€
1€8°€
Py8°e
161G
020'9"
9209
609
LoL'9
¥62'9
8629
109
#0£°9]
Lzl
628,
el
pyeL
29¢'L
898,
€18l

|

¥8¢'L

—

»00'}
001

=00}
=00}
=00t

=907

F00'9

0.0

0.5

n

2.0

w

4.0 35 30

50 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

95 9.0

1O

Figure S71. 'H NMR (500 MHz, CDCl;) Spectrum of 27.

Sy'8lL—

1G'8C—
0Lee—

8y'er—

0585 —

SP'89—

o]
NJ\OBn

CF3

L1504
4 4%
9,024
6L°02)
1802}
65821,
L8zl
1582} \
pizel)
8y'sel s
66'L7L

y6'eSL
eLYSL”

ve8ll—

0024
€024
9,02y
6,02l
1802}

L81¢Cl—

89°€Cl—

T T T
120 119 118
1 (ppm)

T
121

£

o
e

T
123

r
124

10

£1 (ppm)

Figure S72. 3C NMR (150 MHz, CDCls) Spectrum of 27.

S105



186°19-—

-00°¢

-105 -115

-95

50 =55 -60 65 -70
f1 (ppm)

-45

-40

-15 -20 -25 -30

-10

Figure S73. °F NMR (565 MHz, CDCl;) Spectrum of 27.

LS
£z5°e
vege
ovs'e
evse
6Y5°c
L95°E
995°¢
vz8'e
0£8°€
8egcil
Pr8°en
058
958'c
qom.mgy
0/8°¢]
z20t
mcm_m/
0e2s
ey
09Z'S

1819y
8y
ore’L
beeL
09g'L+
998"/
§l81
g8eL
168°L]
90v'L
90LL"
oLL L]
vLLL
LVLL
velL
898,
581
188°L

=

—

NJJ\OBn

CF3

Br

A

J

Eso'L
FsoL

004
£00°L
00t

=00C

=00t

001
+00L

00t
mg.“

0.0

0.5

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.5 7.0

8.0

9.5 9.0

1O

Figure S74. 'H NMR (500 MHz, CDCIl3) Spectrum of 28.

S106



SL6C~
y0'ee—

AR o

6789~

810zl
8612l
1522l
exed)
66221
92'€TH
824l
69421
vv'8eL1
0582} 1
958211
20261
STZELY
8v'zel

zLTEL,

yS'5EL

L
L
[

-

Z6'9€EL
€z el
880yl

LOVSL—

o]
NJJ\OBn

CF3

Br

81°0¢)—

66121~
1ST2h
v5 el
6622}
9

T
119.5

T
120.5

121.5
£l {ppm)

10

T T T T
0 140 130 120 110

T
15

T
160

170

T
180

£1 (ppm)

Figure S75. 3C NMR (150 MHz, CDCl;) Spectrum of 28.

0LL'}8-

Br

=00°¢

-105 2 BE]

-95

-90

-15 -20 -25 -30 -35 -40 -45 -50 -55 -60 -65 -70
f1 (ppm)

-10

Figure S76. '°F NMR (565 MHz, CDCl;) Spectrum of 28.

S107



YLO b
686'}
566')
£00T
€10
610
90
0402
280
80T
960C
2012

Svm,v
6012
€Lz’

005°€
805°€ |
025°¢1
§25°€
599°¢~
¥8L°E-
108°¢
808°¢
v18¢]
1z8°c’
8915
€6L'GF
6lzs’
966G
€009
vE09
10’9
902’9/
2129’
L1eeL,
9L
mqﬁv
6YE L]
09g'2]
69¢L’

NJJ\OBn

CF;

» L0k
=10

=00}
=L0'L
=00k

=00¢C

0%
{00t
R00't

=009

0.0

0.5

n

2.0

w

4.0 35 30

50 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

95 9.0

1O

Figure S77. 'H NMR (500 MHz, CDCl;) Spectrum of 29.

§E€'8C—
6LCE~

ceey—

€9'89—

1280},
v6'LLL|
L8l
%661l |

|
8L12h

09°€z} J_&
vy'8zLt
05824
€582}
Lzzel
3.8%
L9TeL
16zel |
Lpsel

€8'€5l ~
L1995}~

SL'gLL— [=
96'6LL— L8
g
8L12h £ |
09°€Z}—
C
o)
O
oX O
"

10

£1 (ppm)

Figure S78. 3*C NMR (150 MHz, CDCl;) Spectrum of 29.

S108



0v6'19-—

NJ\OBn

CF3

—00°¢

2 BE]

=55 -60 -65 -70
f1 (ppm)

-50

-15 -20 ~-25

-10

Figure S79. °F NMR (565 MHz, CDCl;) Spectrum of 29.

88L'L1
66LL
ol8’l
8¢g’l
clye
LIvT
Leve
6EY'C
3144
9s¥'C
gelLe
9€L'e
ovL'e
L8L'Y
88lL'v
6Ly
00cy
L0CY
PAAS]
LEC'S
6€C'S
€9¢'S
LLL'9q
8LL'9
€ce’l
9ee’L
€ve'L
6veL
vse'l
§se'L
0.gL
18€°L
€0v'L
LOV'L
995°L
VA DR
CLS' LA
989,
A A
60L°L
(47
¢l
8¢L'L
ovL'L]
cvL’L
VLLL
18L°L
8€8'L
966,

—_—

Fip—

P

il

€108

=00'%

=00t

=00

=00t

=00C

=00t

00’
00t
J00'L
00
Wf.s.h
00t

0.0

0.5

n

2.0

w

40 35 3.0

50 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

95 9.0

1O

Figure S80. '"H NMR (500 MHz, CDCls) Spectrum of 30.

S109



cecoe—
clog—

gg8er—

aial

9002}

yZ8ll—

9002 —

e 1Tk
splzhay
gv'izL]
15z
181zl

SiLeel—

evich
sy'izl
8v'Izl
151zl
18121
81 L2l
Wiz
05/21
L2821
158211
8582l
¥S0EL |
SLEEL
86°¢El
€T vel
LrSel;
€99l

LLOYL —
§2'0S1 -
16°€SL —

10

£1 (ppm)

Figure S81. 3*C NMR (150 MHz, CDCl;) Spectrum of 30.

898'19-—

-00°¢

2 BE]

-55 -60 -65 -70
f1 (ppm)

-50

-15 -20 ~-25

-10

Figure S82. '°F NMR (565 MHz, CDCl;) Spectrum of 30.

S110



€180,
1880
00607
19T L+
81T} ;
mww.ff" Fo.vr
00€’L 28 NN/

LSl s - gz, ©
ool O 7002 962\
0€e’} m%”n Lo SL1EN
1 - rres
i ) . fre
8Lyl R i
eyl 1660 -

0.0

0.5

NJ\OBn
CF3
NJ\OBn

S
X v
en
y 7y G
LEV'L F ©
LEV') m
18V} | <
6L “ w
667l — a, 6189~
205 [ H00h 3 A 169~
454" =00'L =
L ﬁ Lo m
LIy
oeve] . @
9ev'e F <8 N
erbe] g g
: a2 =
95'€| ] g e O :
Love] < -0 S Y20z}
szLe] | %) 50221
=] " g E
8v.'c e 82'8Z)1
¥S.'€ z ec8zL
LoLe L = €821
19L°€ “ I vzl
€LLe 5 2 vg'ezl| 698k —
SIL'S Mo o 69821
‘ol o i
veoal] =05 . & Jeos]
ole 2 = zzselL| veoTi—
8LEL | o €L5el
626 = ARCD
9ee’L
6e€'L = & s022h—
el
SVE'L L 2
¥5€'L
6SEL - v8'€zL—
voeL &
98¢’ R

10

20

CF;

£1 (ppm)

S111

i

118

119

21 120
Figure S84. 3C NMR (150 MHz, CDCl;) Spectrum of 31.

1
1 (ppm

£

T
123 122

124




LG6°19-—

NJLOBn

CF3

-00°¢

2 BE]

-65  -70

60
f1 (ppm)

-15 -20 ~-25

-10

Figure S85. °F NMR (565 MHz, CDCl;) Spectrum of 31.

985} |
89l
999'}
I
L0
08L')
6L
296')
196}
LeT]
8792 W
z99zZ|l
99971
1197
€897
Q%.L
zo.7/
607"
zzre
6zre
sev's
8rie
vSH'E
€8L€
06L€
S6L€
z08°€
608 ]
918¢ \_

128°
y8L's’
296'G ]
696'’
L8V
i
1811
202,
91zL
SITL
062 L]
S0€'2
V2E'L
zeeL
LEEL
£vEL
8YE'L
09€ 2
99€ 'L
LIEL
z8eL

NJ\OBn

CF;

Ph

00k
100}
WS;

00't
Foo0't

Fooz

=00'L

=00'}

EE0T

00k

00°€
WQQ 4
00's

0.0

0.5

n

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

Figure S86. 'H NMR (500 MHz, CDCl3) Spectrum of 32.

S112



A TA
08'2¢

E_mmv
evoe”

YSvr—

1289~

€8LLL
000z}
81zzl
9eTh
69521
€152k
9,52}
6LST}
€1'9Z1
€£'8zl
Zr'8eL
678211
Y5824

LE0E}A
S9'0€1
£6°0€)
0z'lEL]
€0ZEL
L9SEL|
12 pL?
vLvSL—

DR s

122 121 120 119 118
£1 (ppm)

122

124

€8°LLL-
000ct—
8lLcel—
9evel—
[
m

o |

OHA 3)
“

z

o

10

£1 (ppm)

Figure S87. 3°C NMR (125 MHz, CDCl;) Spectrum of 32.

§G6°19-—

o]
NJ\OBn
CF;

Ph

—00°¢

2 BE]

=55 -60 -65 -70
f1 (ppm)

-50

-15 -20 ~-25

-10

Figure S88. '°F NMR (565 MHz, CDCls) Spectrum of 32.

S113



09}
190}
9L}
6LL)
0102
9102
2021
0£0'C
8€0'C
vp0°Z
6Y8'C
§58'C
298¢
809°¢
819'¢
829'¢
YE9'E
SY9'e
159°¢
vLie
lzLef
8zl
mnhﬁ,
ovLe ﬁ
8eT Y

LSTY
09z ¥
RN_J

—_—

s8Ty
6621
LOE Y|
ey
08L'S x
981G’

§£0'9"
Lp0'9]
§2e'L
gee'/A
we 4
see L]
29€'L
ozl
WL
1SV'L
296,
LIS
265°L
£00'8
500'8
020’8’

NJJ\OBn

CFj3

=004
Fo0't

=00k

=00'}
=001

rooC

=00¢C

Foo't

700's
=007
001

200C

0.0

0.5

n

2.0

w

3.0

4.5 4.0 3.5

5.0

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

f1 (ppm)

Figure S89. 'H NMR (500 MHz, CDCl;) Spectrum of 33.

[S4°T4m
Lee—

00'vP—

1G99~
889"

NJLOBn

CF3

Ph o)
bl
0]

€18l
v6'6L1
1212
4
FAMEAR
ge'lzl
SL1TL
YE'€ZA
0v'8Zh |
91’821
25821
65621
LL'62)
08ZE}
8.8;,
8Z'¢El |
A%
Y6'€SL—

62991 —

10

£1 (ppm)

Figure S$90. 3C NMR (150 MHz, CDCl;) Spectrum of 33.

S114



651°C9-—

NJI\OBn

CF;

Ph O
g
@)

=00°¢

-105 -115

-95

50 =55 -60 65 -70
f1 (ppm)

-45

-40

-15 -20 -25 -30

-10

Figure S91. '°F NMR (565 MHz, CDCl;) Spectrum of 33.

=00°¢
=004

€0’k
Wac.m

=00t

=20t
=00k

=00

=00

=660
=00k

=005

0.0

0.5

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.5 7.0

8.0

9.5 9.0

1O

Figure S92. '"H NMR (500 MHz, CDCl3) Spectrum of 34.

S115



eyl
oV LL—

€C'8C—

1827~
20y’

669 —

L¥'89

OLLLL
6641
INYAR
8.1zl
08'LZ}
€8'1Z) |
L8zl
vr'8zL
tsmml
158z}
y9ZeL
88zl
cLeel »
LEEEL]
or'gel
06'€5L—
80'851 —

92’991 —

u J_,L,.,..LL-Lj . J J‘JL.LH._.

T T T T
0 140 130 120 110

T
15

T
160

170

T
180

£1 (ppm)

Figure S93. 3C NMR (150 MHz, CDCl;) Spectrum of 34.

0Lbeo—

-00°¢

-105 2 BE]

-95

-90

-15 -20 -25 -30 -35 -40 -45 -50 -55 -60 -65 -70
f1 (ppm)

-10

Figure S94. '°F NMR (565 MHz, CDCl;) Spectrum of 34.

S116



OBn

/\Q\l\
P A

10

20

CF4

8ELL | <
8vL) .
vSL) P
99/}
9L} L w
8L 4 -
1102 O o
5202 OHA o) 3
L€0T ) OHA
6€0'C z L @ il
- 65'6C

502+ / 107} 1G9e—
mmo.Nr nini ks AU. NN‘mVA
650Z- FOOL[ o v \
561°¢ o
osi /4 P S
229 g
2€9°€ - L 2 =
zroe] o ool * 3
BrO e o 2. Lr'89—
899°€"} g00L[ n
vog'e 00k =
e 3R sseu
i . O elzek
oy Los g gese
5 & o
eLLE = = ;
zeLeds L - 00z g SPea
el . S skl
e Loa M [a9rd}
. g ==
166G+ £0041 & Z  ze8zId
sv0o/ 00k i
MOOO_ =00} & .I.H V@&N—.J
robd | ©w ek
$60'9 A 2N e
it L e w vm.vmr S6°6LL
P =00} o mm.mnf\a
ik ﬂ too6| o B, 9%l

25 Mo = eGPl —
8€TL = .
96Z'/ | o gheel—
S6TL = 80%5L— geezt
gL 9¢°€Z}
szl = & 6€°€Z)
YeeL AN
SyeL L =
0se’L S
1982 "
8LEL e
z6eL’ R

£1 (ppm)

S117

118

119

120

121

1 (ppm)

.———.J—-ﬂ»luw -J————J-U—————
Figure S$96. 3°C NMR (150 MHz, CDCl;) Spectrum of 35.

122 122
b

124

125




998'19-—

NJ\OBn

CF;

X

Ph

—00°¢

2 BE]

-65  -70

60
f1 (ppm)

-15 -20 ~-25

-10

Figure S97. °F NMR (565 MHz, CDCl;) Spectrum of 35.

999’}
6.9')
889')
G0 L
JAVN
82L11
8961
6611
£66'}
¥00C
800
L1021
Soa
L70T
LzLe—

829°¢
mmw.mv
0s9'¢

88y
o5
e96 |
00291
5059
1£5°9
2699+
119"

90¢' L
0ce’L
Sec’lL ﬁ
[TV
80€L
€ee'L]
8ee’L
el
0se’L
L9€°L
cleL
18€'L

NJJ\OBn

CF;

Ph™ X7 X

mEa

200t
=00'}

=00t

=00

=00¢C

“o0
001
200}

00'L
mg.h

=00}
Loo6

0.0

0.5

50 45 40 35 30 25 20
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

9.5 9.0

1O

Figure S98. '"H NMR (500 MHz, CDCls) Spectrum of 36.

S118



zasg/
ZTse—
190

§€'.9—
60'6L1

60611 —

16°0CL —

61'22h
el

T T
119.5 118.8

T
120.5

Irs

o

0
- oi

1 (ppm)

O UGk
6Lzzl
zzeel
ze'szl
199zl
60221
v LTl
evizl
8v' LT
292l
76'62)1
LL0EL
V0L |
€9°0E LA

zLogkt
yyLEL]
18'LEL]
L0SEL |
pSPEL |
90'9c}’
£0'€5l

S| [

10

£1 (ppm)

Figure S$99. 3C NMR (150 MHz, CDCl;) Spectrum of 36.

€18'19-

NJJ\OBn

CF;

Ph™ X7 X

-00°¢

2 BE]

-55 -60 -65 -70
f1 (ppm)

-50

-40

w
B

-15 -20 -25 -30

-10

Figure S100. °’F NMR (565 MHz, CDCl;) Spectrum of 36.

S119



6£0Z
6Y0Z
550T
2902
9907
v10T
080T
060C
$60T
50121
iz
oLz
ez
0I5E]
0g9°e
9g89°¢
9v9'€;
959°c
299°¢+

€19

6.9

z08'c
808°C
s8]
zz8e
828°¢]
€8¢
LP8E
8y8°c
691G

€6L'S

661G ,\

——

vZes
2609
6£0'9’
6.21,
1821
062~
1621 ﬁ
Los'.

62¢'L
Zre L]
1vel
cog'.
0.£2
Si€.
1882
88c'/
96¢',
00v'Z

0
NJI\OBn
CF,

Ph

1T

L

Fooz

=00}
=004
=00}

=L0T

=00t

00°¢
wmoo i

0.0

0.5

n

2.0

w

3.0

4.5 4.0 3.5

5.0

5.5

6.0

7.0

7.5

8.0

95 9.0

1O

f1 (ppm)

Figure S101. '"H NMR (500 MHz, CDCl3) Spectrum of 37.

1092 —
€6'6C—

99 ey —

€589

€r'e8—
0z'es

86'6L41
£5°021
55021
8502} 1
19021 |
08'12ht
1022 —
Le8el
£v'8zl
€582}
oLlel]
celel #
19'1E}
Zrsel]
¥8'€5L—

86611 -

50241
55°0ZbL
8502}
l9ozL’

og'lecl—

PR S

122.0

119.5

120.0

121.0

1215

120.5
1 (ppm)

0
NJI\OBn

CF;

Ph

T
10

T
120

T
130

T
140

T
150

T
160

170

T
180

£1 (ppw

Figure S102. 3C NMR (150 MHz, CDCl;) Spectrum of 37.

S120



L10C9—

NJ\OBn

CF3

Ph

—00°¢

2 BE]

=55 -60 -65 -70
f1 (ppm)

-50

-15 -20 ~-25

-10

Figure S103. ’F NMR (565 MHz, CDCl;) Spectrum of 37.

88911
oL’}
LLL}
LeL'}
€181
olg’l
€28’}
628’}
8€8'1 1
L¥8L

V81N
mmfN/

vice |
NNN.NQ
8¢cc
mmm.m.j
089°¢H
€15°¢
089'¢
989°¢"
669°¢
y09'c
§29'c
zE9°€]
8€9°C
Sy9'e
cs9'e
6.L¢
§8L'¢
€6LE
66L¢
S08'¢
[43: 5>
618°¢
geg'e
LELY
by
8GlL'v
6909
9091
851,
(A
vse'L
9ge’L
MLl
gle’L
Lee'L

002C
wom.ww

ove’L

Fg6C

¥00C
5004

=00'L

Rooz
2001
007

004

007
fz00
"0z

0.0

0.5

n

2.0

w

40 35 3.0

50 4.5
f1 (ppm)

5.5

6.0

7.0

7.5

8.0

95 9.0

1O

Figure S104. '"H NMR (500 MHz, CDCl;) Spectrum of 38.

S121



Figure S106. °F NMR (565 MHz, CDCl;) Spectrum of 38.
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Figure S131. '"H NMR (500 MHz, CDCl;) Spectrum of 47.
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Figure S132. 3C NMR (150 MHz, CDCls) Spectrum of 47.
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Figure S133. ’F NMR (565 MHz, CDCl;) Spectrum of 47.
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Figure S136. '°F NMR (565 MHz, CDCl;) Spectrum of 48.
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Figure S137. '"H NMR (500 MHz, CDCl3) Spectrum of 49.
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Figure S138. 3C NMR (150 MHz, CDCl;) Spectrum of 49.
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Figure S140. '"H NMR (500 MHz, CDCl;) Spectrum of 50.
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Figure S143. '"H NMR (500 MHz, CDCl3) Spectrum of 51.
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Figure S154. ’F NMR (565 MHz, CDCl;) Spectrum of 55.
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