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1. General methods

Flash chromatography was performed using silica gel 60 (230-400 mesh). Analytical thin layer
chromatography (TLC) was done using Qingdao silica Gel (silica gel GF254). TLC plates were
analyzed by an exposure to ultraviolet (UV) light and/or submersion in phosphomolybdic acid
solution or in I,. High-resolution mass spectra were recorded on a Bruker APEX II Fourier transform
ion cyclotron resonance mass spectrometer. 'H NMR and BC NMR spectra were recorded on Varian
Mercury 400 plus or Agilent DD, 600 instrument in CDClj; solution using TMS as an internal standard
at room temperature. The following abbreviations are used for the multiplicities: s = singlet, d =
doublet, dd = doublet of doublet, t = triplet, q = quadruplet, m = multiplet, br = broad signal for proton
spectra; coupling constants (J) are reported in Hertz (Hz). Melting points were determined on a
Beijing Taike X-4 apparatus and were uncorrected. The solvents were distilled by standard methods.
Reagents were obtained from commercial suppliers and used without further purification unless
otherwise noted.

2. Syntheses of Compounds 4 and 6

2.1 General procedures for synthesis of trifluoromethylated homoallylic N-acylhydrazines 4

A solution of acylhydrazine 1 (0.36 mmol), trifluoroacetaldehyde methyl hemiacetal 2 (0.54
mmol), allylic bromide 3 (0.72 mmol) and tin powder (0.9 mmol) in THF (5 mL) was stirred at
reflux for 12-18 h (monitored by TLC). After completion, the reaction mixture was cooled to
room temperature, saturated NH4Cl solution (10 mL) was added into the mixture and stirred
for 10 min, then the mixture was extracted with CH,Cl, (3x10 mL). The combined organic
extracts were dried over anhydrous MgSO, and concentrated in vacuum. Purification of the
residue by silica gel column chromatography using petroleum ether : acetone (6:1-4:1) as
eluent furnished the products 4.

N'-(1,1,1-Trifluoropent-4-en-2-yl)benzohydrazide (4a). White solid; 79.1 mg, 85% yield;
mp 96-97 °C; '"H NMR (400 MHz, CDCls) & 7.74-7.72 (m, 3H), 7.55 (s, 1H), 7.46 (d, J = 6.8
Hz, 2H), 6.02-6.00 (m, 1H), 5.33 (d, /= 14.8 Hz, 2H), 4.94 (s, 1H), 3.50 (s, 1H), 2.64-2.61 (m,
1H), 2.39-2.31 (m, 1H); °C NMR (100 MHz, CDCl3) & 167.3, 132.1, 132.0, 131.91, 128.63,
126.79, 125.9 (q, Jer = 279.4 Hz),119.9, 60.5 (q, Jer = 26.8 Hz), 31.4 (d, Jer = 2.1 Hz); °F
NMR (376 MHz, CDCls) & -75.5 (d, Jr.y = 6.8 Hz); HRMS (ESI) m/z C;,H4F3N,O [M + H]"
calcd. 259.1053, found: 259.1051.
4-Methoxy-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide (4b). White solid; 85.4 mg,
82% yield; mp 99-100 °C; 'H NMR (600 MHz, CDCl3) & 7.73 (s, 1H), 7.69 (d, J = 8.4 Hz, 2H),
6.91 (d, J = 9.0 Hz, 2H), 6.02-5.95 (m, 1H), 5.31-5.28 (m, 2H), 4.92 (d, J = 6.0 Hz, 1H), 3.84
(s, 3H), 3.49-3.44 (m, 1H), 2.61-2.58 (m, 1H), 2.36-2.30 (m,1H); *C NMR (150 MHz, CDCl;)
5 167.0, 162.7, 132.1, 128.7, 126.1 (q, Jcr = 279.6 Hz), 124.4, 119.9, 113.9, 60.7 (q, Jcr =
26.7 Hz), 55.4,31.5 (d, Jer = 2.1 Hz); "°F NMR (376 MHz, CDCl3) 6 -75.5 (d, Jr.y = 6.8 Hz);
HRMS (ESI) m/z C3H 6F3N,O, [M + H]" caled 289.1158, found: 289.1157.
2-Methyl-N"-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide (4c). White solid; 42.1 mg, 43%
yield; mp 79-80 °C;'H NMR (400 MHz, CDCls) & 7.42 (s, 1H), 7.36-7.31 (m, 2H), 7.23-7.18
(m, 2H), 6.06-5.95 (m, 1H), 5.35-5.30 (m, 2H), 4.91 (d, J = 6.4 Hz, 1H), 3.57-3.48 (m, 1H),
2.65-2.59 (m, 1H), 2.43 (s, 3H), 2.39-2.31 (m, 1H); *C NMR (150 MHz, CDCl;) & 169.4,
136.8, 133.3, 131.9, 131.2, 130.6, 127.0, 126.0 (q, Jcr = 279.6 Hz), 125.8, 120.1, 60.6 (q, J =
26.7 Hz), 31.5 (d, Jo.r = 2.1 Hz), 19.6; "’F NMR (376 MHz, CDCL) & -75.3 (d, Jr.y = 6.8 Hz,);
HRMS (ESI) m/z C;3H6F5N,0 [M + H]" caled 273.1209, found: 273.1216.
3-Methyl-~V'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide (4d). White solid; 71.5 mg, 73%
yield; mp 75-77 °C; '"H NMR (600 MHz, CDCl;) & 7.82 (d, J = 6.0 Hz, 1H), 7.54 (s, 1H), 7.49
(d, J=7.2 Hz, 1H), 7.33 (d, J= 7.2 Hz, 1H), 7.32-7.30 (m, 1H), 6.02-5.95 (m, 1H), 5.32-5.28
(m, 2H), 4.92 (d, J = 6.0 Hz, 1H), 3.51-3.45 (m, 1H), 2.60 (d, J = 14.4 Hz, 1H), 2.38 (s, 3H),
2.36-2.31 (m,1H); *C NMR (150 MHz, CDCls) 8 167.6, 138.6, 132.9, 132.1, 132.1, 128.6,
127.6, 126.1 (q, Jcr = 279.6 Hz), 123.8, 119.9, 60.6 (q, Jc.r = 26.7 Hz), 31.5 (d, Jc.r = 2.1 Hz),
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21.3; "F NMR (376 MHz, CDCl5) & -75.5 (d, Jr.y = 6.8 Hz); HRMS (ESI) m/z C13H;sF3N,O
[M + H]" caled 273.1209, found: 273.1215.
4-Methyl-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide (4e). White solid; 81.5 mg, 84%
yield; mp 100-101 °C; '"H NMR (600 MHz, CDCls) & 7.81 (br, 1H), 7.62 (d, J = 7.8 Hz, 2H),
7.23 (d, J = 7.8 Hz, 2H), 6.02-5.95 (m, 1H), 5.31-5.28 (m, 2H), 4.92 (d, J = 5.4 Hz, 1H), 3.47
(s, 1H), 2.59 (d, J = 15.0 Hz, 1H), 2.39 (s, 3H), 2.36-2.30 (m, 1H); °C NMR (150 MHz,
CDCl) 6 167.4, 142.8, 132.0, 129.4, 129.3, 126.9, 126.0 (q, Jc.r = 279.4 Hz), 119.9, 60.6 (q,
Jor = 26.7 Hz), 31.5 (d, Jer = 2.1 Hz), 21.5; ’F NMR (376 MHz, CDCl;) & -75.5 (d, Jr.yy =
6.8 Hz); HRMS (ESI) m/z C;3H;sF5N,O [M + H]" calcd 273.1209, found: 273.1214.
4-Fluoro-NV'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide (4f). White solid; 80.0 mg, 81%
yield; mp 81-82 °C; "H NMR (600 MHz, CDCl3) & 7.75 (s, 1H), 7.74-7.73 (m, 2H), 7.12 (t, J =
8.4 Hz, 2H), 6.01-5.96 (m, 1H), 5.32-5.30 (m, 2H), 4.91 (d, J= 6.0 Hz, 1H), 3.50-3.45 (m, 1H),
2.61 (d, J= 14.4 Hz, 1H), 2.36-2.30 (m, 1H); *C NMR (150 MHz, CDCl;) & 166.4, 165.1 (d,
Jor = 251.9 Hz), 131.9, 129.3 (d, Jer = 9.0 Hz), 128.3 (d, Jor = 3.2 Hz), 126.0 (q, Jer =
279.6 Hz), 120.1, 115.9 (d, Jcr = 22.0 Hz), 60.6 (q, Jc.r = 26.5 Hz), 31.5 (d, Jcr = 2.1 Hz);
F NMR (376 MHz, CDCl;) & -75.5 (d, Jey = 6.8 Hz), -107.1 (m); HRMS (ESI) m/z
Ci,H2NaF4N,O [M + Na]+ calcd 299.0778, found: 299.0783.
4-Chloro-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide (4g). White solid; 90.1 mg, 86%
yield; mp 114-115 °C; '"H NMR (600 MHz, CDCls) & 7.81 (s, 1H), 7.67 (d, J = 12.0 Hz, 2H),
7.42 (d, J = 12.0 Hz, 2H), 6.01-5.95 (m, 1H), 5.33-5.30 (m, 2H), 4.92 (d, J = 6.0 Hz, 1H),
3.51-3.46 (m, 1H), 2.63-2.59 (m, 1H), 2.36-2.31 (m, 1H); *C NMR (150 MHz, CDCl;) &
166.4, 138.6, 131.9, 130.5, 129.1, 128.3, 126.0 (q, Jc.r = 279.5 Hz), 120.1, 60.6 (q, Jcr = 26.5
Hz), 31.5 (d, Jer = 2.1 Hz);"’F NMR (376 MHz, CDCls) & -75.5 (d, Jr.q = 6.8 Hz); HRMS
(ESI) m/z C1,H,3CIF3N,0 [M + H]" caled 293.0663, found: 293.0662.
3-Bromo-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide (4h). White solid; 90.1 mg, 75%
yield; mp 80-82 °C; '"H NMR (600 MHz, CDCls) & 7.88-7.85 (m, 2H), 7.67-7.63 (m, 2H),
7.33-7.31 (m, 1H), 6.01-5.95 (m, 1H), 5.33-5.30 (m, 2H), 4.91 (d, J = 6.0 Hz, 1H), 3.51-3.46
(m, 1H), 2.64-2.60 (m, 1H), 2.37-2.31 (m, 1H); ’C NMR (150 MHz, CDCl;) & 166.0, 135.2,
134.1, 131.9, 130.3, 130.2, 126.0 (q, Jo.r = 279.6 Hz), 125.4, 122.9, 120.2, 60.6 (q, Jc.r = 27.0
Hz), 31.5 (d, Jer = 2.1 Hz); "’F NMR (376 MHz, CDCl3) & -75.4 (d, Jr.;; = 6.8 Hz); HRMS
(ESI) m/z C,H3BrF;N,O [M + H]+ calcd 337.0158, found: 337.0159.
4-(Trifluoromethyl)-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide (4i). White solid;
75.8 mg, 65% yield; mp 87-89 °C; 'H NMR (600 MHz, CDCls) & 7.95 (s, 1H), 7.83 (d, J = 7.8
Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 6.01-5.94 (m, 1H), 5.33-5.29 (m, 2H), 4.93 (d, J = 6.0 Hz,
1H), 3.53-3.47 (m, 1H), 2.63-2.60 (m, 1H), 2.36-2.28 (m, 1H); *C NMR (150 MHz, CDCl;) &
166.2, 135.4, 133.9 (q, Jc.r = 32.5 Hz), 131.8, 127.4, 126.0 (q, Jcr = 279.6 Hz), 125.8 (d, Jcr
= 3.5 Hz), 123.4 (q, Jcr = 271.2 Hz), 120.3, 60.5 (q, Jcr = 27.1 Hz), 31.4 (d, Jc.r = 2.1 Hz);
'F NMR (376 MHz, CDCl3) & -63.6 (d, Jr.y = 5.3 Hz), -75.5 (d, Jr.y = 6.8 Hz); HRMS (ESI)
m/z C13H3F6N,O [M + H]" caled 327.0927, found: 327.0926.
N'-(1,1,1-Trifluoropent-4-en-2-yl)furan-2-carbohydrazide (4j). White solid; 76.1 mg, 86%
yield; mp 65-67 °C; '"H NMR (600 MHz, CDCl3) & 7.92 (s, 1H), 7.46 (s, 1H), 7.15 (d, J = 3.6
Hz, 1H), 6.52 (t, J = 1.8 Hz, 1H), 6.02-5.96 (m, 1H), 5.33-5.29 (m, 2H), 4.82 (d, J = 6.0 Hz,
1H), 3.49-3.47 (m, 1H), 2.62-2.59 (m, 1H), 2.36-2.31 (m, 1H); *C NMR (150 MHz, CDCl;) &
158.1, 146.2, 144.6, 132.0, 126.0 (q, Jc.r = 279.6 Hz), 120.1, 115.3, 112.1, 60.8 (q, Jc.r = 27.0
Hz), 31.4 (d, Jer = 2.1 Hz); "’F NMR (376 MHz, CDCl3) & -75.7 (d, Jr.u = 6.8 Hz); HRMS
(ESI) m/z C1oH2F3N,0, [M + H]" caled 249.0845, found: 249.0842.
N'-(1,1,1-Trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide (4k). Colourless oil; 61.8
mg, 60% yield; "H NMR (600 MHz, CDCl;) § 7.71-7.70 (m, 2H), 7.69 (d, J = 1.2 Hz, 1H),
7.52-7.50 (m, 1H), 7.43-7.40 (m, 2H), 6.08 (dd, J = 17.4, 10.8 Hz, 1H), 5.22-5.18 (m, 2H),
5.00 (d, J = 6.0 Hz, 1H), 3.21 (q, J = 8.4 Hz, 1H), 1.31 (s, 3H), 1.24 (s, 3H); *C NMR (150
MHz, CDCl;) & 167.0, 143.7, 132.3, 132.1, 128.7, 126.8, 126.7 (q, Jo.r = 282.4 Hz), 114.0,
68.3 (q, Jor = 24.2 Hz), 39.0, 25.8, 22.4; "’F NMR (376 MHz, CDCls) § -66.9 (d, Jr.y = 7.8
HZ), HRMS (ESI) m/z C14H1gF3N20 [M + H]+ calcd 2871366, found: 287.1363.
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4-Fluoro-N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide (41). White solid;
73.8 mg, 68% yield; mp 85-86 °C; 'H NMR (600 MHz, CDCls) & 7.74-7.73(m, 2H), 7.72 (s,
1H), 7.13-7.10 (m, 2H), 6.08 (dd, J = 17.4, 10.8 Hz, 1H), 5.23-5.19 (m, 2H), 5.00 (d, J = 6.0
Hz, 1H), 3.22 (q, J = 7.8 Hz, 1H), 1.32 (s, 3H), 1.25 (s, 3H); *C NMR (150 MHz, CDCls) &
166.0, 165.1 (d, Jcr = 236.7 Hz), 143.6, 129.2 (d, Jcr = 9.0 Hz), 128.5 (d, Jcr = 3.0 Hz),
126.7 (q, Jer = 282.6 Hz), 115.9 (d, Jer = 21.9 Hz), 114.0, 68.3 (q, Jer = 24.4 Hz), 39.0, 25.8,
22.4; F NMR (376 MHz, CDCl) & -66.9 (d, Jr.y = 7.8 Hz), -107.2 (m); HRMS (ESI) m/z
C14H¢NaF4N,O [M + Na]" caled 327.1091, found: 327.1096.
4-Chloro-N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide (4m). White solid;
86.1 mg, 75% yield; mp 103-105 °C; '"H NMR (400 MHz, CDCl;) & 7.74 (d, J = 6.0 Hz, 1H),
7.65 (d, J = 8.4 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 6.07 (dd, J =17.2, 10.8 Hz, 1H), 5.24-5.19
(m, 2H), 4.99 (d, J = 6.0 Hz, 1H), 3.21 (q, J = 8.0 Hz, 1H), 1.32 (s, 3H), 1.25 (s, 3H); °C
NMR (150 MHz, CDCl3) 8 166.0, 143.6, 138.4, 130.7, 129.0, 128.3, 126.7 (q, Jc.r = 282.6 Hz),
114.1, 68.2 (q, Jer = 24.3 Hz), 39.0, 25.8, 22.3; '’F NMR (376 MHz, CDCl5) & -66.9 (d, Jr.i =
7.8 Hz); HRMS (ESI) m/z C14H,,CIF3;N,O [M + H]" calcd 321.0976, found: 321.0975.
3-Bromo-N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide (4n). White solid;
109.8 mg, 84% yield; mp 70-72 °C;'H NMR (600 MHz, CDCl;) & 7.85 (s, 1H), 7.72 (d, J =
6.0 Hz, 1H), 7.64 (d, J = 7.8 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.30 (t, J = 7.8 Hz, 1H), 6.07
(dd, J = 17.4, 10.8 Hz, 1H), 5.23-5.19 (m, 2H), 4.98 (d, J = 6.0 Hz, 1H), 3.20 (q, J = 8.4 Hz,
1H), 1.31 (s, 3H), 1.24 (s, 3H); °C NMR (150 MHz, CDCl;) & 165.6, 143.6, 135.0, 134.3,
130.3, 130.2, 126.6 (q, Jc.r = 282.6 Hz), 125.4, 122.9, 114.1, 68.2 (q, Jcr = 24.3 Hz), 39.0,
25.8, 22.4; ""F NMR (376 MHz, CDCl;) & -66.9 (d, Jr.y = 7.6 Hz); HRMS (ESI) m/z
C4H7BrF;N,0 [M + H]+ calcd 365.0471, found: 365.0470.
4-Methyl-NV'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide (40). White solid;
83.1 mg, 77% yield; mp 129-130 °C; '"H NMR (600 MHz, CDCl;) 6 7.64 (d, J = 6.0 Hz, 1H),
7.61 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 6.10 (dd, J = 17.4, 10.8 Hz, 1H), 5.24-5.20
(m, 2H), 5.01 (d, J = 6.0 Hz, 1H), 3.21 (q, J = 8.4 Hz, 1H), 2.39 (s, 3H), 1.33 (s, 3H), 1.26 (s,
3H); *C NMR (150 MHz, CDCl3) & 166.9, 143.7, 142.6, 129.5, 129.4, 126.8, 126.7 (q, Je.r =
282.6 Hz), 113.9, 68.3 (q, Jer = 24.0 Hz), 39.0, 25.8 (d, Jo.r = 1.7 Hz), 22.5, 21.4; "’"F NMR
(376 MHz, CDCl3) 8 -66.9 (d, Jr.y = 7.8 Hz); HRMS (ESI) m/z C;5sH20F3;N,O [M + H]" caled
301.1522, found: 301.1521.
4-Methoxy-N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide (4p). White
solid; 79.4 mg, 70% yield; mp 80-82 °C; '"H NMR (600 MHz, CDCIl3) 6 7.67 (d, J = 8.4 Hz,
2H), 7.55 (d, J = 6.0 Hz, 1H), 6.92 (d, J = 8.4 Hz, 2H), 6.09 (dd, J = 17.4, 10.8 Hz, 1H),
5.23-5.19 (m, 2H), 5.01 (d, J = 6.0 Hz, 1H), 3.84 (s, 3H), 3.20 (q, J = 7.8 Hz, 1H), 1.32 (s, 3H),
1.25 (s, 3H); >C NMR (150 MHz, CDCl;) & 166.6, 162.6, 143.7, 128.7, 126.8 (q, Jc.r = 282.7
Hz), 124.5, 114.0, 113.9, 68.4 (q, Jer = 24.0 Hz), 55.4, 39.0, 25.8, 22.5; "’F NMR (376 MHz,
CDCly) 8 -66.9 (d, Jr.y = 7.9 Hz); HRMS (ESI) m/z C;5sH,0F3N>O, [M + H]" caled 317.1471,
found: 317.1479.

N'-(1,1,1-Trifluoro-3,3-dimethylpent-4-en-2-yl)furan-2-carbohydrazide (4q). Colourless
oil; 50.3 mg, 51% yield; mp 99-100 °C; 'H NMR (600 MHz, CDCl;) 6 7.81 (d, J=5.4 Hz, 1H),
7.45 (s, 1H), 7.26 (s, 1H), 7.13 (d, J= 1.8 Hz, 1H), 6.50 (d, /= 1.2 Hz, 1H), 6.08 (dd, J=17.4,
10.8 Hz, 1H), 5.23-5.19 (m, 1H), 4.87 (d, J = 6.6 Hz, 1H), 3.19 (q, J = 7.8 Hz, 1H), 1.32 (s,
1H), 1.24 (s, 1H); *C NMR (150 MHz, CDCl3) 8 157.7, 146.3, 144.5, 143.6, 126.7 (q, Jo.r =
282.6 Hz), 115.1, 114.1, 112.1, 68.4 (q, Jc.r = 24.4 Hz), 39.0, 25.8, 22.4; F NMR (376 MHz,
CDCly) & -71.1 (d, Jr.y = 7.9 Hz); HRMS (ESI) m/z C;,H;sNaF;N,O, [M + Na]' calcd
299.0978, found: 299.0993.

2.2 General procedures for synthesis of trifluoromethylated a-methylene-y-lactams 6

A solution of acylhydrazine 1 (0.36 mmol), trifluoroacetaldehyde methyl hemiacetal 2 (0.54
mmol), ethyl 2-(bromomethyl)acrylate 5 (1.08 mmol) and tin powder (1.26 mmol) in EtOH (5
mL) was stirred at reflux for 15-18 h (monitored by TLC). After completion, the reaction
mixture was cooled to room temperature, saturated NH4Cl solution (10 mL) was added into the
mixture and stirred for 10 min, then the mixture was extracted with CH,Cl, (3x10 mL). The
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combined organic extracts were dried over anhydrous MgSO,4 and concentrated in vacuum.
Purification of the residue by silica gel column chromatography using petroleum ether :
acetone (5:1-4:1) as eluent furnished the products 6.
N-(3-Methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide (6a). White solid;
86.0 mg, 84% yield; mp 177-178 °C; 'H NMR (600 MHz, CDCl5) & 10.01 (s, 1H), 7.78 (d, J =
8.4 Hz, 2H), 7.42 (s, 1H), 7.29 (t, J = 7.8 Hz, 2H), 6.23 (s, 1H), 5.59 (s, 1H), 4.50-4.48 (m,
1H), 3.25-3.20 (m, 1H), 2.89 (d, J=18.0 Hz, 1H); °C NMR (150 MHz, CDCl;) & 168.0, 165.5,
132.9, 132.4, 130.5, 128.5, 127.5, 124.6 (q, Jer = 280.0 Hz), 120.6, 56.7 (q, Jo.r = 31.5 Hz),
24.8; "F NMR (376 MHz, CDCls) & -76.9 (d, Je.;; = 6.4 Hz); HRMS (ESI) m/z C13H,,F3N,0,
[M + H]" calcd 285.0845, found: 285.0842.
4-Fluoro-N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide (6b). White
solid; 71.2 mg, 66 % yield; mp 154-156 °C; '"H NMR (600 MHz, CDCl3) & 10.19 (s, 1H),
7.82-7.79 (m, 2H), 6.96 (t, J = 8.4 Hz, 2H), 6.24 (s, 1H), 5.61 (s, 1H), 4.46 (s, 1H), 3.25-3.21
(m, 1H), 2.90 (d, J = 18.0 Hz, 1H); >*C NMR (150 MHz, CDCl5) § 168.3, 165.2 (d, J = 252.5
Hz), 164.2, 132.8, 130.0 (d, J = 9.2 Hz), 126.6 (d, J = 2.8 Hz), 124.5 (q, Jer = 280.0 Hz),
120.8, 115.6 (d, J = 22.0 Hz), 56.8 (q, Jer = 32.0 Hz), 24.8; '°F NMR (376 MHz, CDCL;) &
-77.0 (d, Jry = 6.4 Hz), 106.5 (m); HRMS (ESI) m/z C;3H;oNaF4sN,O, [M + Na]® calcd
325.0571, found: 325.0577.
4-Chloro-N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide (6¢). White
solid; 79.9 mg, 70% yield; mp 160-162 °C; "H NMR (600 MHz, CDCls) 6 10.25 (s, 1H), 7.68
(d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 6.22 (s, 1H), 5.60 (s, 1H), 4.45-4.42 (m, 1H),
3.23-3.19 (m, 1H), 2.90-2.86 (m, 1H); °C NMR (150 MHz, CDCl;) & 168.3, 164.3, 138.9,
132.7, 128.8, 128.7, 128.6, 124.4 (q, Jo.r = 280.0 Hz), 120.9, 56.8 (q, Jo.r = 32.0 Hz), 24.8; '°F
NMR (376 MHZ, CDC13) 6 -77.0 (d, JF—H =64 HZ), HRMS (ESI) m/z C13H14C1F3N302 [M +
NH4]" caled 336.0721, found: 336.0723.
3-Bromo-N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide (6d). White
solid; 90.9 mg, 69% yield; mp 122-124 °C; 'H NMR (600 MHz, CDCl;) & 10.03 (s, 1H), 7.89
(s, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.19-7.16 (m, 1H), 6.23 (t, J = 2.4
Hz, 1H), 5.60 (s, 1H), 4.47-4.44 (m, 1H), 3.25-3.20 (m, 1H), 2.90 (dd, J = 17.4, 2.4 Hz, 1H);
B3C NMR (150 MHz, CDCl3) 8 168.0, 163.9, 135.5, 132.7, 132.2, 130.9, 130.1, 125.6, 124.4 (q,
Jor = 280.2 Hz), 122.8, 120.9, 56.8 (q, Je.r = 31.6 Hz), 24.8; '°’F NMR (376 MHz, CDCl3) &
-76.9 (d, Jr.y = 6.1 Hz); HRMS (ESI) m/z C13H,(NaBrFsN,O, [M + Na]" calcd 384.9770,
found: 384.9777.
N-(3-Methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)-4-(trifluoromethyl)benzamide
(6€). White solid; 81.1 mg, 64% yield; mp 137-138 °C; '"H NMR (600 MHz, CDCl5) & 10.16 (s,
1H), 7.84 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 6.27 (t, J = 2.4 Hz, 1H), 5.64 (s, 1H),
4.49-4.46 (m, 1H), 3.28-3.23 (m, 1H), 2.93 (dd, J = 17.4, 2.4 Hz, 1H); *C NMR (150 MHz,
CDCl3) 6 168.1, 163.9, 134.0 (q, Jcr = 32.4 Hz), 133.5, 132.5, 127.8, 125.6 (q, J = 3.6 Hz),
124.4 (q, Jer = 280.0 Hz), 123.4 (q, Jo.r = 270.7 Hz), 121.1, 56.9 (q, Jo.r = 32.0 Hz), 24.9; "°F
NMR (376 MHz, CDCl;) & -67.8 (s), -81.0 (d, Jr.y = 6.0 Hz); HRMS (ESI) m/z
Ci14HoNaF¢N,O, [M + Na]+ calcd 375.0539, found: 375.0544.
4-Methoxy-N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide (ef).
White solid; 91.9 mg, 81% yield; mp 158-160 °C; "H NMR (600 MHz, CDCls) & 9.94 (br, 1H),
7.77 (d, J = 8.4 Hz, 2H), 6.76-6.75 (m, 2H), 6.22 (s, 1H), 5.58 (s, 1H), 4.47 (s, 1H), 3.79 (s,
3H), 3.24-3.20 (m, 1H), 2.88 (d, J = 17.4 Hz, 1H), °C NMR (150 MHz, CDCl;) & 168.1, 165.1,
162.9, 133.0, 129.5, 124.6 (q, Jc.r = 279.9 Hz), 122.9, 120.4, 113.7, 56.9 (q, Jcr = 31.6 Hz),
55.3, 24.8. '”/F NMR (376 MHz, CDCly) & -76.9 (d, Jr.u = 6.2 Hz); HRMS (ESI) m/z
C14H3NaF3;N,0; [M + Na]" caled 337.0770, found: 337.0778.
3-Methyl-N-(3-methylene-2-o0xo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide (6h).
White solid; 45.0 mg, 42% yield; mp 141-143 °C; "H NMR (600 MHz, CDCIl3) 6 9.80 (s, 1H),
7.61 (d, J = 6.0 Hz, 2H), 7.23 (d, J= 7.8 Hz, 1H), 7.18 (t, J= 7.8 Hz, 1H), 6.22 (t, J= 2.4 Hz,
1H), 5.58 (t, J = 2.4 Hz, 1H), 4.52-4.48 (m, 1H), 3.25-3.20 (m, 1H), 2.91-2.87 (m, 1H), 2.27 (s,
3H); BC NMR (150 MHz, CDCl3) 6 167.9, 165.6, 138.3, 133.1, 133.0, 130.5, 128.4, 128.12,
124.5, 124.6 (q, Jer = 279.9 Hz), 120.4, 56.7 (q, Jer = 31.6 Hz), 24.8, 21.1; '°’F NMR (376
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MHz, CDCl3) § -76.9 (d, Jr.y = 6.2 Hz); HRMS (ESI) m/z C,4H3NaF;N,O, [M + Na]" calcd
321.0821, found: 321.0826.
4-Methyl-NV-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide (6i). White
solid; 91.2mg, 85% yield; mp 140-142 °C; 'H NMR (600 MHz, CDCl;) § 9.92 (s, 1H), 7.67 (d,
J=17.8 Hz, 2H), 7.06 (d, J = 7.8 Hz, 2H), 6.20 (s, 1H), 5.56 (s, 1H), 4.47 (s, 1H), 3.22-3.18 (m,
1H), 2.87 (d, J = 17.4 Hz, 1H), 2.31 (s, 3H); °C NMR (150 MHz, CDCl3) & 168.0, 165.5,
143.0, 133.0, 129.1, 127.8, 127.5, 124.6 (q, Jcr = 280.1 Hz), 120.4, 56.8 (q, Jcr = 31.6 Hz),
24.8, 21.4; F NMR (376 MHz, CDCl;) & -76.9 (d, Jey = 6.2 Hz); HRMS (ESI) m/z
Cy4H5NaF;N,0, [M + Na]+ calcd 321.0821, found: 321.0828.
N-(3-Methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)furan-2-carboxamide 6)).
White solid; 80.2 mg, 82% yield; mp 154-155 °C; "H NMR (400 MHz, CDCls) & 9.59 (br, 1H),
7.42 (d, J= 1.6 Hz, 1H), 7.14 (d, J = 3.2 Hz, 1H), 6.42 (dd, J = 4.0, 2.0 Hz, 1H), 6.23 (t, J =
2.4 Hz, 1H), 5.59 (t, J = 2.4 Hz, 1H), 4.50-4.44 (m, 1H), 3.23 (dd, J = 17.6, 9.2 Hz, 1H),
2.93-2.88 (m, 1H); 3C NMR (150 MHz, CDCl3) 6 167.3, 156.5, 145.4, 145.2, 132.8, 124.6 (q,
Jer = 280.0 Hz), 120.5, 116.4, 112.0, 56.9 (q, Jo.r = 31.6 Hz), 24.8 (d, J = 1.8 Hz); '’"F NMR
(376 MHZ, CDCl}) 6 -76.9 (d, JF—H = 6.4 HZ), HRMS (ESI) m/z C11H9N3F3N203 [M + Na]+
calcd 297.0457, found: 297.0461.
N-(3-Methylene-2-o0xo0-5-(trifluoromethyl)pyrrolidin-1-yl)-2-naphthamide (6k). White solid; 90.2
mg, 75% yield; mp 187-189 °C; "H NMR (600 MHz, CDCl;) & 8.60 (s, 1H), 8.35 (d, /= 7.8 Hz, 1H),
7.90 (d, J= 8.4 Hz, 1H), 7.83 (d, /= 7.8 Hz, 1H), 7.68 (d, J= 6.6 Hz, 1H), 7.55-7.50 (m, 2H),
7.36-7.34 (m, 1H), 6.18 (d, J = 1.8 Hz, 1H), 5.55 (d, J= 1.2 Hz, 1H), 4.59 (s, 1H), 3.21 (dd, J = 16.2,
9.6 Hz, 1H), 2.88 (d, J = 17.4 Hz, 1H); >C NMR (150 MHz, CDCl;) § 167.8, 167.2, 133.5, 132.7,
131.9, 130.2, 129.9, 128.3, 127.6, 126.6, 126.1, 125.1, 124.5, 124.7 (q, Jor = 279.6 Hz), 120.6, 56.7
(q, Jer = 31.6 Hz), 24.7; ’F NMR (376 MHz, CDCl;) § -76.7 (d, Jr.iy = 6.0 Hz); HRMS (ESI) m/z
C,7H3NaF;N,0, [M + Na]" caled 357.0821, found: 357.0826.
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NMR and HRMS Spectra of compounds 4

N’-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide(4a)
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4-methoxy-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide(4b)
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2-methyl-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide(4c)
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3-methyl-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide(4d)
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4-methyl-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide(4e)
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4-fluoro-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide(4f)
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4-chloro-N'-(1,1,1-triflucropent-4-en-2-yl)benzohydrazide(4g)
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3-bromo-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide(4h)
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4-(trifluoromethyl)-N'-(1,1,1-trifluoropent-4-en-2-yl)benzohydrazide(4i)
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N'-(1,1,1-trifluoropent-4-en-2-yl)furan-2-carbohydrazide(4j)
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N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide(4k)
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4-fluoro-N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide(4l)
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4-chloro-N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide(4m)
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3-bromo-N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide(4n)
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4-methyl-N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide(40)
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4-methoxy-N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)benzohydrazide(4p)
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N'-(1,1,1-trifluoro-3,3-dimethylpent-4-en-2-yl)furan-2-carbohydrazide(4q)
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NMR Spectra of compounds 6

N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide(6a)
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4-fluoro-N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide(6b)
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4-chloro-N-(3-methylene-2-oxo-5-(trifluoromethyl) pyrrolidin-1-yl)benzamide(6c)
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3-bromo-N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide(6d)

GLEE
EREE
806" F
aln
b0 E
OEE &
FEE £
GlE £

el
£6Gk 1
[T
(SIS
[
Tl 1

:
7

b9 G—

08z
VEE 9}-
8gE "0

Far L
U.I'}.}
1614
[T
ZEE'}.}
8044
IZ}.'}.;
AR

FED O]

S93

A

a1

Irl
T

——

—_—_— =111

[}
.:igluil

-X-3-1
o—=c

——_— =G|

1.0

-0.5 -

0.0

4.5

5.5

T
0.5 10.0 9.5

11.0

1 (ppm)



GERFE—

AGEEQ] -

aroanr-—

&

=

FiC

Br

S94

10

20

40

50

60

17 160 150 140 130 120 110 100 an 80
£l (ppm)

180

190



01—
1

00e-
1

08T-
1

081-
1

0L1-
1

091-

0&1-
1

0%1-
1

0ET-
1

0E1-
1

(mdd) 17

ot1-
1

001-
I

06—
I

o8-
1

0L-

09-

05—
L

07—
I

0E-
1

oe-
1

o1-
1

ElG0L-
AE6T0 L

S95



ozF Gl oLt =1 ook GBE DEE (=3 V= o/ e coE DEE o5E ose
_______________.__._______________t_________________________________________D
EB55'I6E slocgoon
oL
EELELEE
0z
0E
ot
0
0o
oL
o2
L Byged
bR EO I ES biE OHH S 06
B SO ZNES LG Ol S
[==lae BRLEOEE |, ne ooL
™ o
- — T T T ™
LO9960TF  GOEELE QAEDENF szooor| | 0ZIETEE bEIELEE _ _ AR SZA0EoE BESLEHE
OFS0TLE 696650 . oL
cosETEs oLezTELE CEE0 0L =
PePe Z0F THES 00F £Z20 058 oz
LEZOEEE
oE 7
CEGE FOC L5667 ob L
]
0g
g oo
0L
984
[00"000Z-00700L] 84 Ind H o
E5d+arlH L Y SO0 Mo
I SRHORCE0HEE0CL L N 08
Aueffeinp o
) 5CLET
- § LETEE |, oo 0oL
™
wod g |y

LM LEDL-0L SLOZHFEE

POBCE0HEE0G L L-BuebBLetnpy "Eume g

S96



N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)-4-(trifluoromethyl)benzamide(6e)
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4-methoxy-N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide(6f)
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3-methyl-N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide(6h)
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4-methyl-N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)benzamide(6i)
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N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)furan-2-carboxamide(6j)
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N-(3-methylene-2-oxo-5-(trifluoromethyl)pyrrolidin-1-yl)-2-naphthamide(6k)
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