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General Information

Unless otherwise indicated, chemicals and solvents were purchased from commercial suppliers and
purified by standard techniques. Flash column chromatography was performed using silica gel. For
thin-layer chromatography (TLC), and compounds were visualized by irradiation with UV light or by
treatment with a solution of phosphomolybdic acid in ethanol followed by heating. For NMR
spectroscopy, samples were dissolved in CDCl; and run in room temperature. The '"H NMR (300 MHz),
C NMR (100 MHz) and "’F NMR (282 MHz) were recorded on 300, 400 MHz spectrometer. All
chemical shifts (d) are given in ppm. Data are reported as follows: chemical shift, multiplicity (s = single,
d = doublet, t = triplet, q = quartet, br = broad and m = multiplet) and coupling constants (Hz). Chiral
analyses were done by high-performance liquid chromatography (HPLC) using chiral column. Melting
points were determined on a apparatus, and are uncorrected. Optical rotations were measured using a
sodium lamp (4 = 589 nm). IR spectra were recorded on a FT-IR instrument. Mass spectra analyses were

performed at 70 Ev(EI).
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General Procedure for the preparation of a-fluoro-#-keto esters

(E)-tert-Butyl 5-(4-bromophenyl)-2-fluoro-3-oxopent-4-enoate 3a

O O O O
/@/\)J\/U\ OJ< SelectfluorT'\L /@/\)J\(U\ OJ<
CHaCN, rt £
Br 7a ° Br 3a

To a solution of 7a (972 mg, 3.0 mmol) in acetonitrile (4 mL) was added Selectfluor ™ (1.6 g, 4.5 mmol)

at room temperature and the mixture was stirred for 10 h. Upon completion of the reaction (monitored by
TLC), the solvent was removed in vacuum and the residue was mixed with 20 mL of ethyl ether, the
mixture was filtered through a pad of celite. The filtrate was then concentrated under vacuum to provide a white solid.
After recrystallization from petroleum ether and ethyl acetate at -10 °C, 3a (875 mg, 85% yield) was obtained: Mp:
67-68 °C; '"H NMR (300 MHz, CDCl3) § 7.75 (d, J = 15.9 Hz, 1H), 7.51 (AB, J = 28.1 Hz, 4H), 7.07 (dd,
J=22,159 Hz, 1H), 5.31 (d, J=49.2 Hz, 1H), 1.51 (s, 9H); '°’F NMR (282 MHz, CDCl3) § -194.13 (d,
J=49.5 Hz, 1F); >C NMR (75 MHz, CDCl;) § 189.3 (d, J=21.8 Hz), 163.3 (d, J = 24.1 Hz), 144.8 (d, J
=3.2 Hz), 132.8, 132.3, 130.1, 125.8, 120.0, 91.3 (d, /= 197.6 Hz), 84.5, 27.9; IR (KBr) v 1758, 1703,
1611 cm™'; EI-MS (m/z): 342 (M", 3.2%), 57 (100), 209 (75), 211 (73), 102 (54), 41 (20), 133 (13), 75
(12), 286 (12); HRMS (EI): m/z: caled. for CisH;¢BrFO;: 342.0267; found: 342.0266 [M]".
(E)-tert-Butyl 5-(3-bromophenyl)-2-fluoro-3-oxopent-4-enoate 3b: White solid, 69%. Mp: 75-76 °C;
O O 'H NMR (300 MHz, CDCl;) § 7.78-7.68 (m, 2H), 7.60-7.48 (m,
Br\@/\)K(U\Ok 2H), 7.34-7.27 (m, 1H), 7.06 (dd, J = 2.4, 16.0 Hz, 1H), 533 (d, J
F = 49.4 Hz, 1H), 1.51 (s, 9H); °F NMR (282 MHz, CDCl;) §
-193.50 (d, J=49.5 Hz, 1F); >C NMR (75 MHz, CDCl3) ¢ 189.1 (d, J=21.8 Hz), 163.2 (d, J = 24.3 Hz),
144.3 (d, J = 3.1 Hz), 135.9, 134.0, 131.2, 130.4, 127.4, 123.0, 120.6, 91.1 (d, J = 197.5 Hz), 84.5, 27.8;
IR (KBr) v 1751, 1805, 1561 cm™'; EI-MS (m/z): 342 (M", 2.1%), 209 (100), 211 (98), 57 (91), 102 (57),
41 (16), 288 (15), 286 (15), 133 (14); HRMS (EI): m/z: calcd. for C;sH;sBrFOs: 342.0267; found:
342.0262 [M]".
(E)-tert-Butyl 5-(2-bromophenyl)-2-fluoro-3-oxopent-4-enoate 3c: White solid, 83% yield. Mp: 54-56
°C; '"H NMR (300 MHz, CDCl3) 6 8.19 (d, J = 16.5 Hz, 1H), 7.71-7.63

O O J<
WO (m, 2H), 7.38-7.25 (m, 2H), 7.02 (d, J = 16.0 Hz, 1H), 5.35 (d, J =49.7
F
Br
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Hz, 1H), 1.51 (s, 9H); "’F NMR (282 MHz, CDCl;) 6 -193.46 (d, J = 49.5 Hz, 1F); °C NMR (75 MHz,
CDCl3) 6 189.2 (d, J=21.8 Hz), 163.3 (d, J = 24.2 Hz), 144.5 (d, J= 3.2 Hz), 133.9, 133.7, 132.1, 127.88,
127.79, 126.5, 122.1, 91.1 (d, J = 197.4 Hz), 84.5, 27.9; IR (KBr) v 1756, 1702, 1608, 1562 cm™; EI-MS
(m/z): 57 (100), 209 (65), 211 (64), 102 (47), 207 (35), 41 (20), 101 (18), 263 (17); HRMS (EI): m/z:
calcd. for C1sH¢BrFOs: 342.0267; found: 342.0268 [M]+.
(E)-tert-Butyl 2-fluoro-5-(4-nitrophenyl)-3-oxopent-4-enoate 3d: White solid, 79% yield. Mp: 124-135
O O °C; '"H NMR (300 MHz, CDCl;) 6 8.04 (AB, J = 55.4 Hz, 4H),
/Ej/\)KHkoJ< 7.83 (d, J=15.9 Hz, 1H), 7.19 (d, J = 15.9 Hz, 1H), 5.35 (d, J =
O,N F 49.3 Hz, 1H), 1.52 (s, 9H); "F NMR (282 MHz, CDCl3) ¢
-193.67 (d, J = 48.5 Hz, 1F); *C NMR (75 MHz, CDCl3) 6 189.1
(d, J=22.3 Hz), 163.0 (d, J = 24.0 Hz), 149.0, 142.9 (d, J = 3.2 Hz), 139.9, 129.3, 124.2, 123.1, 91.2 (d,
J =197.8 Hz), 84.8, 27.8; IR (KBr) v 1746, 1702, 1670, 1619, 1599 cm™; EI-MS (m/): 309 (M",
0.6%), 57 (100), 176 (66), 253 (32), 102 (21), 130 (18), 41 (16), 133 (10), 76 (8); HRMS (EI): m/z: calcd.
for CysH;FNOs: 309.1013; found: 309.1015 [M]".
(E)-tert-Butyl 2-fluoro-5-(4-methoxyphenyl)-3-oxopent-4-enoate 3e: White solid, 83% yield. Mp:
O O 73-74 °C; 'H NMR (300 MHz, CDCl3) § 7.79 (d, J = 15.6 Hz, 1H),
/@/\)%Ok 7.57 (d, J = 8.8 Hz, 2H), 6.98-6.92 (m, 3H), 5.31 (d, J = 49.9 Hz,
~o F 1H), 3.86 (s, 3H), 1.52 (s, 9H); 'F NMR (282 MHz, CDCl5) §
-193.63 (d, J = 49.6 Hz, 1F); °C NMR (75 MHz, CDCl3) § 189.2
(d, J=21.3 Hz), 163.7 (d, J = 24.3 Hz), 162.3, 146.2 (d, J = 3.2 Hz), 130.7, 126.6, 117.1, 114.5,91.2 (d, J
= 197.2 Hz), 84.2, 55.4, 27.9; IR (KBr) v 1756, 1687, 1595 cm™; EI-MS (m/z): 294 (M", 4.4%), 123
(100), 247 (56), 161 (56), 95 (28), 124 (15), 246 (14), 75 (13), 109 (12); HRMS (EI): m/z: calcd. for
C16H19FOy: 294.1267; found: 294.1269 [M]".
(E)-tert-Butyl 2-fluoro-3-oxo0-5-phenylpent-4-enoate 3f: White solid, 73% yield. Mp: 62-63 °C; 'H
O O NMR (300 MHz, CDCl3) 6 7.83 (d, J = 16.1 Hz, 1H), 7.62-7.39 (m, 5H),
Wok 7.13 (d, J = 16.0 Hz, 1H), 5.33 (d, J = 51.1 Hz, 1H), 1.51 (s, 9H); "°F
F NMR (282 MHz, CDCl3) 6 -193.53 (d, J = 49.5 Hz, 1F); °C NMR (75
MHz, CDCl3) 5 189.4 (d, J = 21.5 Hz), 163.4 (d, J = 24.2 Hz), 146.4 (d, J = 3.3 Hz), 133.9, 131.4, 129.1,
128.8, 119.5, 91.3 (d, J = 197.4 Hz), 84.4,27.9; IR (KBr) v 1757, 1698, 1612, 1256, 1132, 1058 cm™;
EI-MS (m/z): 264 (M, 2.7%), 131 (100), 57 (34), 103 (26), 77 (15), 208 (12), 132 (10), 41 (8), 191 (6);
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HRMS (EI): m/z: caled. for C1sH7FO5: 264.1162; found: 264.1164 [M]+.
(E)-Ethyl-5-(4-bromophenyl)-2-fluoro-3-oxopent-4-enoate 3g: Colorless oil at room temperature, 80%.
O O 'H NMR (300 MHz, CDCls) 6 7.76 (d, J = 16.0 Hz, 1H), 7.52
AN O >\ (AB,J=26.2 Hz, 4H), 7.09 (d, J = 16.0 Hz, 1H), 5.42 (d, J = 49.3
Br F Hz, 1H), 4.32 (q, J = 7.4 Hz, 2H), 1.33 (t, J = 7.4 Hz, 3H); °F
NMR (282 MHz, CDCls)  -195.26 (d, J = 49.8 Hz, 1F); °C NMR
(75 MHz, CDCls) § 188.8 (d, J = 21.9 Hz), 164.3 (d, J = 24.1 Hz), 145.2 (d, J = 3.2 Hz), 132.7, 132.3,
130.1, 125.9, 119.6, 91.0 (d, J = 198.3 Hz), 62.7, 13.9; IR (KBr) v 1756, 1699, 1610, 1586 cm;
EI-MS (m/z): 314 (M, 6.4%), 209 (100), 211 (96), 102 (80), 75 (15), 183 (15), 181 (15), 76 (15), 101
(13); HRMS (EI): m/z: calcd. for C3H,BrFOs: 313.9954; found: 313.9952 [M]".
(E)-tert-butyl 2-fluoro-3-oxohex-4-enoate 3h: Colorless oil, quantitive. 'H NMR (300 MHz, CDCl;) §
O o 7.27-7.10 (m, 1H), 6.45 (d, J = 16.0 Hz, 1H), 5.30 (d, J= 0.8 Hz, 1H), 1.96 (d, J
A OJ< = 6.9 Hz, 3H), 1.50 (s, 9H); "’F NMR (282 MHz, CDCl3) 6 -193.74 (d, J = 150.5
" Hz, 1F); >C NMR (75 MHz, CDCl3) J 198.9 (d, J = 21.2 Hz), 163.4 (d, J = 25.2
Hz), 147.5, 125.8, 90.7 (d, J = 196.7 Hz), 84.1, 27.7, 18.6; IR (KBr) v 1758, 1710, 1632 cm™'; EI-MS
(m/z): 202 (M, 0.2%), 69 (100), 57 (63), 41 (37), 129 (14), 146 (11), 43 (7), 70 (5), 56 (5); HRMS (EI):
m/z: calcd. for C190H5FO3: 202.1005; found: 202.1008 [M]+.
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General Procedure for the enantioselective Robinson
annulation catalyzed by primary-secondary diamine
2a

General procedure for the Robinson annulation to give product 5a: To a solution of 3a (34 mg, 0.1 mmol)
and 4a (15 mg, 0.1 mmol) in 0.5 mL of chloroform, 2a (2 mg, 0.01 mmol, 10 mol%) and 4-nitrobenzoic
acid (2 mg, 0.01 mmol, 10 mol%) were added. The mixture was stirred at room temperature and
monitored by TLC. After completion (20 h), the mixture was concentrated by rotary evaporation and the
residue was purified by flash chromatography (ethyl acetate/petro ether: 1/10) to provide pure 5a 38 mg,
80% yield as a white solid.

(18,6S,E)-tert-butyl-2-(4-bromostyryl)-1-fluoro-4-oxo-6-phenylcyclohex-2-enecarboxylate 5a. Mp:
101-102 °C; [a]*p = -205.8 (¢ = 0.400 in CHCL); '"H NMR (300
MHz, CDCl3) 6 7.40 (AB, J = 41.9 Hz, 4H), 7.39-7.33 (m, 5H),
7.26 (d, J=16.5 Hz, 1H), 6.76 (d, J = 16.5 Hz, 1H), 6.35 (s, 1H),

Br 3.96-3.84 (m, 1H), 3.54-3.43 (m, 1H), 2.80-2.72 (m, 1H), 1.29 (s,

9H); '”F NMR (282 MHz, CDCl3) § -150.78 (d, J = 15.9 Hz, 1F);
C NMR (75 MHz, CDCls) 6 197.4 (d, J= 2.1 Hz), 166.0 (d, J = 14.5 Hz), 151.8 (d, J=21.1 Hz), 137.2
(d,J=6.1 Hz), 135.4 (d, /= 0.8 Hz), 134.8 (d, /= 0.9 Hz), 132.1, 128.8 (d, /= 1.1 Hz), 128.7, 128.5 (d,
J=4.4Hz), 128.4,128.2,123.9 (d, J= 1.8 Hz), 123.6,94.4 (d, /= 193.5 Hz), 84.4,47.8 (d, /= 21.9 Hz),
39.2 (d, J = 8.8 Hz), 27.7; IR (KBr) v 1721, 1676, 1664, 1596, 1584 cm™; ESI-MS (m/z): 493
(M+23), 471 (M+1); HRMS (EI): m/z: calcd. for CasH4Br(81)FOs3: 472.0872; found: 472.0869 [M]".
HPLC separation conditions: Chiralcel AD, 20 °C, 254 nm, 9:1 hexane : i-PrOH, 0.8 mL/min; tg = 19.2

min (minor enantiomer), 25.4 min (major enantiomer).
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(18,68 ,E)-tert-butyl-2-(3-bromostyryl)-1-fluoro-4-oxo-6-phenylcyclohex-2-enecarboxylate 5b: White
solid. Mp: 132-133 °C; [a]*p = -255.2 (¢ = 1.300 in CHCL;); 'H
NMR (300 MHz, CDCl3) 6 7.60 (s, 1H), 7.49-7.19 (m, 9H), 6.76
(d, J=16.8 Hz, 1H), 6.35 (s, 1H), 3.96-3.84 (m, 1H), 3.48 (t, J =

14.8 Hz, 1H), 2.82-2.69 (m, 1H), 1.30 (s, 9H); ’F NMR (282 MHz,
CDCl3) § -150.63 (d, J = 16.7 Hz, 1F); °C NMR (75 MHz, CDCl3) 6 197.4 (d, J = 2.1 Hz), 166.0 (d, J =
26.5 Hz), 151.6 (d, J=21.2 Hz), 138.0 (d, /= 0.6 Hz), 136.8 (d, J= 7.0 Hz), 135.4 (d, /= 0.6 Hz), 132.2,
130.4, 129.9, 128.9 (d, J = 4.4 Hz), 128.8 (d, J = 1.1 Hz), 128.5, 128.3, 126.1, 124.8 (d, J = 1.9 Hz),
123.1,94.4 (d, J = 194.3 Hz), 84.4, 47.8 (d, J = 22.0 Hz), 39.2 (d, J = 8.8 Hz), 27.8; IR (KBr) v 1756,
1666, 1616, 1590 cm™'; EI-MS (m/z): 470 (M", 1.2%), 472 (1), 57 (100), 352 (30), 354 (29), 183 (19),
416 (18), 41 (17), 414 (17), 248 (12); HRMS (EI): m/z: calcd. for C,sH24BrFOs: 470.0893; found:
470.0902 [M]", caled. for CysHoBr(81)FOs: 472.0872; found: 472.0877 [M]". HPLC separation
conditions: Chiralcel ADH, 20 °C, 254 nm, 4:1 hexane : i-PrOH, 0.6 mL/min; g = 11.4 min (major
enantiomer), 12.2 min (minor enantiomer).
(18,68, E)-tert-butyl-2-(2-bromostyryl)-1-fluoro-4-oxo-6-phenylcyclohex-2-enecarboxylate 5c:
O Colorless oil; [a]p = -194.7 (¢ = 0.500 in CHCls); "H NMR (300 MHz,
Br

CDCl) 6 7.72-7.14 (m, 10H), 6.72 (d, J=16.5 Hz, 1H), 6.40 (s, 1H),
3.97-3.85 (m, 1H), 3.50 (t, J = 15.0 Hz, 1H), 2.80-2.72 (m, 1H), 1.31 (s,
9H); "’F NMR (282 MHz, CDCl;) 6 -151.52 (d, J = 16.3 Hz, 1F); °C
NMR (75 MHz, CDCls) 6 197.5 (d, J= 2.1 Hz), 165.9 (d, J = 26.5 Hz), 152.0 (d, /=21.2 Hz), 136.9 (d, J
= 6.0 Hz), 135.8 (d, /= 0.9 Hz), 135.4 (d, J = 0.8 Hz), 133.3, 130.4, 128.8(9), 128.8(8), 128.4, 128.2,
127.7,127.0, 125.8 (d, J = 2.0 Hz), 125.0, 94.3 (d, J = 194.2 Hz), 84.4,47.9 (d,J=22.0 Hz), 39.2 (d, J =
8.8 Hz), 27.7; IR (film) v 1755, 1725, 1670, 1612, 1584 cm™"; EI-MS (m/2): 470 (M", 0.6%), 57 (100),
352 (33), 354 (32), 183 (25), 41 (21), 416 (20), 414 (20), 115 (13); HRMS (EI): m/z: caled. for
CsHa4BrFO;: 470.0893; found: 472.0899 [M]", calcd. for CasH,4Br(81)FOs: 472.0872; found: 472.0870
[M]+. HPLC separation conditions: Chiralcel AD, 20 °C, 254 nm, 9:1 hexane : i-PrOH, 0.7 mL/min; tg =

15.9 min (major enantiomer), 18.1 min (minor enantiomer).
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(18,68 ,E)-tert-butyl-1-fluoro-2-(4-nitrostyryl)-4-oxo-6-phenylcyclohex-2-enecarboxylate 5d: White
solid. Mp: 127-128 °C; [a]*p = -233.8 (¢ = 0.450 in CHCl3); 'H
NMR (300 MHz, CDCl;) ¢ 7.81 (AB, J = 189.5 Hz, 4H),
7.42-7.33 (m, 6H), 6.90 (d, J = 17.1 Hz, 1H), 6.40 (s, 1H),

NO, 3.98-3.86 (m, 1H), 3.56-3.45 (m, 1H), 2.83-2.75 (m, 1H), 1.31 (s,
9H); "’F NMR (282 MHz, CDCl3) § -150.95 (d, J = 17.0 Hz, 1F); *C NMR (75 MHz, CDCl;) § 197.3 (d,
J =22 Hz), 165.9 (d, J = 26.0 Hz), 151.9 (d, J = 21.4 Hz), 147.8, 142.0, 135.7 (d, J = 6.2 Hz), 135.2,
130.0 (d, J = 4.4 Hz), 128.8, 128.5, 128.4, 127.8, 127.7 (d, J = 1.3 Hz), 124.2, 94.3 (d, J = 193.5 Hz),
84.6,47.8 (d, J=21.9 Hz), 39.2 (d, J=9.1 Hz), 27.7; IR (KBr) v 1730, 1676, 1597, 1519 cm™'; EI-MS
(m/2): 437 (M, 0.6%), 57 (100), 319 (25), 41 (24), 381 (13), 43 (8), 115 (8), 56 (8), 320 (8); HRMS (EI):
m/z:. calcd. for CpsHyyFNOs: 437.1639; found: 437.1638 [M]+. HPLC separation conditions: Chiralcel
ODH, 20 °C, 254 nm, 9:1 hexane : i-PrOH, 0.6 mL/min; fg = 44.4 min (minor enantiomer), 63.0 min
(major enantiomer).

(15,68, E)-tert-butyl-1-fluoro-2-(4-methoxystyryl)-4-oxo-6-phenylcyclohex-2-enecarboxylate Se:
Colorless oil; [0]*p = -295.6 (¢ = 0.500 in CHCls); "H NMR (300
MHz, CDCl3) d 7.39-7.26 (m, 6H), 7.11 (AB, J = 157.2 Hz, 4H),
6.65 (d, J=16.4 Hz, 1H), 6.31 (s, 1H), 3.95-3.80 (m, 1H), 3.82 (s,
3H), 3.53-3.42 (m, 1H), 2.78-2.70 (m, 1H), 1.29 (s, 9H); '°’F NMR

(282 MHz, CDCl3) § -150.58 (d, J = 20.8 Hz, 1F); °C NMR (75
MHz, CDCl3) 6 197.5 (d, J = 1.7 Hz), 166.2 (d, J = 26.5 Hz), 160.8, 152.5 (d, /= 20.9 Hz), 138.3 (d, J =
5.9 Hz), 135.6 (d, J= 0.7 Hz), 128.9, 128.8 (d, /= 1.1 Hz), 128.6 (d, /= 0.9 Hz), 128.4, 128.2, 127.1 (d,
J=4.2 Hz), 121.0 (d, /= 1.8 Hz), 114.4,95.5 (d, J=193.5 Hz), 84.2, 55.3, 47.8 (d, /= 22.1 Hz), 39.2 (d,
J=9.8Hz),27.7; IR (film) v 1753, 1726, 1668, 1603, 1583, 1512 cm™'; EI-MS (m/z): 422 (M", 3.8%),
84 (100), 57 (61), 86 (57), 71 (36), 55 (30), 85 (29), 311 (22), 69 (21); HRMS (EI): m/z: calcd. for
Co6H27FOy4: 422.1893; found: 422.1898 [M]+. HPLC separation conditions: Chiralcel AD, 20 °C, 254 nm,

4:1 hexane : i-PrOH, 0.7 mL/min; g = 16.7 min (minor enantiomer), 22.4 min (major enantiomer).
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(18,68, E)-tert-butyl-1-fluoro-4-oxo-6-phenyl-2-styrylcyclohex-2-enecarboxylate 5f: White solid. Mp:
133-134 °C; [0]*p = -311.5 (¢ = 0.500 in CHClL3); '"H NMR (300
MHz, CDCl3) 6 7.51-7.25 (m, 11H), 6.78 (d, J = 16.9 Hz, 1H), 6.35
(s, 1H), 3.96-3.84 (m, 1H), 3.49 (t, J = 15.0 Hz, 1H), 2.81-2.69 (m,

1H), 1.30 (s, 9H); ’F NMR (282 MHz, CDCls) d -150.69 (d, J =
16.2 Hz, 1F); >C NMR (75 MHz, CDCl;) 6 197.5 (d, J = 1.8 Hz), 166.1 (d, J = 26.4 Hz), 152.2 (d, J =
21.0 Hz), 138.6 (d, J = 5.8 Hz), 135.9 (d, J = 0.8 Hz), 135.6 (d, J = 0.6 Hz), 129.5, 128.8 (d, J = 1.0 Hz),
128.4, 128.2, 128.1 (d, J = 4.3 Hz), 127.4, 123.3 (d, J = 1.8 Hz), 94.5 (d, J = 193.6 Hz), 84.3, 47.8 (d, J =
22.0 Hz), 39.2 (d, J = 8.7 Hz), 27.8; IR (KBr) v 1722, 1673, 1616, 1587 cm™'; EI-MS (m/z): 392 (M",
4.3%), 57 (100), 274 (44), 336 (36), 41 (26), 91 (25), 159 (20), 271 (16), 170 (15); HRMS (EI): m/z:
calcd. for C,5H,5FO5: 392.1788; found: 392.1793 [M]+. HPLC separation conditions: Chiralcel AD, 20 °C,
254 nm, 19:1 hexane : i-PrOH, 0.5 mL/min; tg = 31.5 min (minor enantiomer), 34.0 min (major
enantiomer).

(15,68, E)-ethyl-2-(4-bromostyryl)-1-fluoro-4-oxo-6-phenylcyclohex-2-enecarboxylate 5g: Colorless
oil; [a]*’p = -228.3 (¢ = 0.950 in CHCl;); "H NMR (300 MHz,
CDCl3) 5 7.49-7.18 (m, 9H), 6.98 (AB, J = 16.4 Hz, 2H), 6.38 (s,
1H), 4.20-3.80 (m, 3H), 3.48 (t, J = 15.9 Hz, 1H), 2.79-2.71 (m,
1H), 1.11 (t, J = 6.9 Hz, 1H); °F NMR (282 MHz, CDCls) §

-153.46 (d, J=16.1 Hz, 1F); °C NMR (75 MHz, CDCls) § 197.1
(d, J=1.8 Hz), 167.1 (d, J=26.9 Hz), 151.1 (d, J=21.0 Hz), 137.1 (d, J = 6.0 Hz), 135.4, 134.7 (d, J =
0.8 Hz), 132.1, 128.8, 128.6, 128.5, 128.4(8), 128.4(0), 123.7, 123.6, 94.9 (d, J = 193.7 Hz), 62.6, 47.2 (d,
J=21.7Hz),39.1 (d, J=8.7 Hz), 13.9; IR (film) v 1759, 1733, 1669, 1616, 1581 cm™; EI-MS (m/2):
442 (M", 23.9%), 382 (100), 380 (98), 183 (30), 186 (27), 383 (25), 444 (24), 242 (23); HRMS (EI): m/z:
calcd. for Cy3H,oBrFOs: 442.0580; found: 442.0578 [M]+. HPLC separation conditions: Chiralcel ODH,
20 °C, 254 nm, 4:1 hexane : i-PrOH, 0.7 mL/min; g = 30.7 min (minor enantiomer), 38.5 min (major

enantiomer).

S9



(18,68, E)-tert-butyl 1-fluoro-4-oxo-6-phenyl-2-(prop-1-enyl)cyclohex-2-enecarboxylate 5h: Colorless oil. [0]*p =

W
© F* “co,t-Bu

27.4 Hz), 152.5 (d, J = 21.3 Hz), 137.5 (d, J = 5.5 Hz), 135.8, 128.9, 128.4, 128.1, 126.6 (d, J = 2.2 Hz),

219.5 (¢ = 1.650 in CHCly); 'H NMR (300 MHz, CDCls) § 7.41-7.27 (m, 5H),

6.64-6.46 (m, 1H), 6.21-6.08 (m, 1H), 3.92-3.77 (t, J = 16.0 Hz, 2H), 2.75-2.63
(m, 1H), 1.86 (d, J = 6.5 Hz, 3H), 1.29 (s, 9H); ’F NMR (282 MHz, CDCl;) ¢
-151.34 (d, J = 19.9 Hz, 1F); °C NMR (75 MHz, CDCl3) §197.8, 166.0 (d, J =

95.5 (d, J=192.9 Hz), 83.9, 47.8 (d, J = 22.0 Hz), 39.3 (d, J = 8.9 Hz), 27.7, 19.5; IR (KBr) v 1755,
1727, 1676 cm™; EI-MS (m/z): 330 (M", 0.5%), 57 (100), 274 (27), 212 (26), 69 (23), 41 (23), 230 (13),
126 (13), 229 (12); HRMS (EI): m/z: caled. for CyHx3FOs: 330.1631; found: 330.1630 [M]". HPLC
separation conditions: Chiralcel ODH, 20 °C, 254 nm, 4:1 hexane : i-PrOH, 0.6 mL/min; g = 9.9 min
(major enantiomer), 11.9 min (minor enantiomer).

(18,68, E)-tert-butyl-1-fluoro-6-(4-fluorophenyl)-4-oxo-2-styrylcyclohex-2-enecar boxylate 5i: White
solid. Mp: 107-108 °C; [a]*p = -297.2 (¢ = 0.750 in CHCL); 'H
NMR (300 MHz, CDCl3) ¢ 7.53-7.26 (m, 8H), 7.07 (t, J = 8.5 Hz,
1H), 6.78 (d, J = 16.5 Hz, 1H), 6.35 (s, 1H), 3.95-3.83 (m, 1H), 3.45

(t, J = 14.6 Hz, 1H), 2.80-2.66 (m, 1H), 1.31 (s, 9H); ’F NMR (282
MHz, CDCl3) 6 -114.27 (s, 1F), -151.2 (d, J = 16.6 Hz, 1F); >C NMR (75 MHz, CDCl3) 6 197.0 (d, J =
1.8 Hz), 165.9 (d, J = 26.3 Hz), 162.0 (d, J = 247.1 Hz), 151.9 (d, J = 21.8 Hz), 138.6 (d, J = 4.9 Hz),
135.7,131.3 (d, /= 2.4 Hz), 130.4 (d, J = 9.7 Hz), 129.4, 128.8, 128.0 (d, /= 4.3 Hz), 127.3, 123.0 (d, J
=1.9 Hz), 115.2 (d, J=20.8 Hz), 94.3 (d, /= 193.5 Hz), 84.4, 47.0 (d, J=22.8 Hz), 39.2 (d, J = 8.9 Hz),
27.7;IR (KBr) v 1723,1678, 1616, 1587, 1510 cm™; EI-MS (m/2): 410 (M", 5.0%), 57 (100), 354 (58),
292 (40), 289 (31), 159 (28), 170 (26), 41 (21), 309 (18); HRMS (EI): m/z: calcd. for CosH4F>Os:
410.1694; found: 410.1700 [M]". HPLC separation conditions: Chiralcel ODH, 20 °C, 254 nm, 4:1
hexane : i-PrOH, 0.7 mL/min; fg = 14.3 min (minor enantiomer), 16.5 min (major enantiomer).

(18,68 ,E)-tert-butyl-6-(4-chlorophenyl)-1-fluoro-4-oxo-2-styrylcyclohex-2-enecar boxylate 5j:
Colorless oil; [a]*p = -262.1 (¢ = 0.550 in CHCls); "H NMR (300
MHz, CDCls) 6 7.54-7.26 (m, 10H), 6.77 (d, J = 16.4 Hz, 1H),
6.35 (s, 1H), 3.93-3.81 (m, 1H), 3.43 (t, J = 16.5 Hz, 1H),

2.76-2.68 (m, 1H), 1.32 (s, 9H); '°’F NMR (282 MHz, CDCL3) ¢
-150.46 (d, J = 16.6 Hz, 1F); >C NMR (75 MHz, CDCl3) § 196.9 (d, J = 1.9 Hz), 165.9 (d, J = 26.5 Hz),
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1519 (d, J=21.1 Hz), 138.7 (d, J = 5.7 Hz), 134.1, 134.0 (d, J = 0.8 Hz), 130.1 (d, J = 1.3 Hz), 129.5,
128.8, 128.5, 127.9 (d, J= 4.1 Hz), 127.3, 123.0 (d, /= 2.0 Hz), 94.2 (d, /= 193.9 Hz), 84.5,47.2 (d, J =
21.9 Hz), 39.0 (d, J = 8.8 Hz), 27.7; IR (film) v 1724, 1675, 1616, 1586 1494 cm™; EI-MS (m/z): 426
(M, 5.5%), 57 (100), 326 (59), 370 (52), 308 (44), 159 (38), 170 (31), 41 (31), 129 (29); HRMS (EI): m/z:
calcd. for CysHp4CIFO;5: 426.1398; found: 426.1400 [M]+. HPLC separation conditions: Chiralcel ODH,
20 °C, 254 nm, 9:1 hexane : i-PrOH, 0.7 mL/min; #g = 20.6 min (minor enantiomer), 24.0 min (major
enantiomer).

(18,68, E)-tert-butyl-6-(4-bromophenyl)-1-fluoro-4-oxo-2-styrylcyclohex-2-enecar ~ boxylate  5k:
Colorless oil; [a]*p = -241.2 (¢ = 0.650 in CHCl3); 'H NMR (300
MHz, CDCls) ¢ 7.59-7.21 (m, 10H), 6.77 (d, J = 17.1 Hz, 1H),
6.35 (s, 1H), 3.92-3.80 (m, 1H), 3.43 (t, J = 14.4 Hz, 1H),

2.80-2.69 (m, 1H), 1.32 (s, 9H); ’F NMR (282 MHz, CDCl;) §
-151.21 (d, J= 16.4 Hz, 1F); >C NMR (75 MHz, CDCl3) 6 196.8 (d, J = 2.1 Hz), 165.8 (d, J = 26.4 Hz),
151.8 (d, J=21.0 Hz), 138.6 (d, J = 5.9 Hz), 135.6 (d, J = 0.8 Hz), 131.4, 130.4 (d, J = 1.1 Hz), 129.5,
128.8,127.9 (d, J=4.3 Hz), 127.3, 122.9 (d, /= 1.9 Hz), 122.2, 123.0 (d, /= 2.0 Hz), 94.1 (d, /= 193.9
Hz), 84.5, 47.2 (d, J = 22.0 Hz), 38.9 (d, J = 8.7 Hz), 27.7; IR (film) v 1762, 1726, 1671, 1594 cm™';
EI-MS (m/z): 470 (M", 1.9%), 57(100), 159 (27), 170 (27), 416 (27), 352 (26), 41 (25), 414 (25), 354
(22); HRMS (EI): m/z: caled. for C,sHx4BrFO;: 470.0893; found: 470.0887 [M]". HPLC separation
conditions: Chiralcel ADH, 20 °C, 254 nm, 4:1 hexane : i-PrOH, 0.5 mL/min; tx = 14.5 min (major
enantiomer), 15.7 min (minor enantiomer).

(18,68 ,E)-tert-butyl-6-(3-chlorophenyl)-1-fluoro-4-oxo-2-styrylcyclohex-2-enecar boxylate 5I: White
solid. Mp: 124-125 °C; [a]*'p = -267.6 (¢ = 0.350 in CHCl3); 'H
NMR (300 MHz, CDCl3) ¢ 7.59-7.23 (m, 10H), 6.77 (d, J = 16.4
Hz, 1H), 6.35 (s, 1H), 3.92-3.81 (m, 1H), 3.43 (t, J = 16.1 Hz,

1H), 2.81-2.67 (m, 1H), 1.33 (s, 9H); ’F NMR (282 MHz,
CDCl;) § -154.99 (d, J = 12.4 Hz, 1F); *C NMR (75 MHz, CDCls) 6 196.7 (d, J = 2.2 Hz), 165.9 (d, J =
26.4 Hz), 151.9 (d, J=21.1 Hz), 138.7 (d, J= 5.8 Hz), 137.6 (d, J= 1.0 Hz), 135.7 (d, J = 0.9 Hz), 134.3,
129.7, 129.5, 128.9, 128.6 (d, J = 1.1 Hz), 128.4, 128.0 (d, J = 4.4 Hz), 127.5 (d, J = 1.6 Hz), 127.4,
123.1 123.0 (d, J = 2.0 Hz), 95.1 (d, J = 194.3 Hz), 84.7, 47.6 (d, J = 22.1 Hz), 39.0 (d, J = 8.6 Hz), 27.7;
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IR (KBr) v 1720, 1677, 1618, 1586 cm™; EI-MS (m/z): 426 (M", 2.7%), 57 (100), 308 (61), 370 (39),
326 (27), 170 (24), 41 (24), 159 (23), 310 (21); HRMS (EI): m/z: calcd. for CysH4CIFO3: 426.1398;
found: 426.1397 [M]". HPLC separation conditions: Chiralcel ADH, 20 °C, 254 nm, 4:1 hexane : i-PrOH,
0.6 mL/min; tg = 12.1 min (minor enantiomer), 14.1 min (major enantiomer).

(18,68 ,E)-tert-butyl-6-(2-chlorophenyl)-1-fluoro-4-oxo-2-styrylcyclohex-2-enecar ~ boxylate  5m:
White solid. Mp: 70-71 °C; [a]*'p = -316.8 (¢ = 0.950 in CHCLy); 'H
NMR (300 MHz, CDCls) ¢ 7.47-7.24 (m, 10H), 6.78 (d, J = 16.3 Hz,
1H), 6.36 (s, 1H), 3.71-3.61 (m, 1H), 3.47-3.37 (m, 1H), 2.72-2.61 (m,

1H), 1.41 (s, 9H); "’F NMR (282 MHz, CDCl3) § -154.54 (d, J=12.5
Hz, 1F); °C NMR (75 MHz, CDCl3) J 196.9 (d, J = 2.1 Hz), 166.4 (d, J = 26.6 Hz), 152.7 (d, J = 20.3
Hz), 138.7 (d, J= 6.1 Hz), 135.8 (d, /= 0.8 Hz), 135.7, 134.0, 130.2, 129.5, 129.2, 128.9, 128.4, 127.9 (d,
J=4.5Hz), 127.3, 126.8, 122.8 (d, J = 1.6 Hz), 95.3 (d, J = 197.0 Hz), 84.7, 43.5 (d, J = 23.2 Hz), 40.0
(d, J=8.7 Hz), 27.8; IR (KBr) v 1753, 1726, 1670, 1616, 1584 cm’™"; EI-MS (m/z): 426 (M", 6.2%), 57
(100), 326 (77), 370 (61), 308 (52), 41 (40), 159 (38), 170 (38), 91 (36); HRMS (EI): m/z: calcd. for
Co5H24CIFO3: 426.1398; found: 426.1402 [M]+. HPLC separation conditions: Chiralcel ADH, 20 °C, 254
nm, 9:1 hexane : i-PrOH, 0.6 mL/min; g = 15.5 min (major enantiomer), 16.1 min (minor enantiomer).

(18,68 ,E)-tert-butyl-1-fluoro-6-(4-methoxyphenyl)-4-oxo-2-styrylcyclohex-2-enec  arboxylate 5n:
Colorless oil; [a]**p = -239.2 (¢ = 1.000 in CHCl;); 'H NMR (300
MHz, CDCls) 6 7.51-7.25 (m, 8H), 6.90 (d, J = 8.7 Hz, 1H), 6.78 (d,
J=16.4 Hz, 1H), 6.34 (s, 1H), 3.90-3.79 (m, 4H), 3.44 (t, 15.1 Hz),
2.72 (d, J=120.0 Hz, 1H), 1.32 (s, 9H); "’F NMR (282 MHz, CDCl5)

d -150.69 (d, J=15.6 Hz, 1F); *C NMR (75 MHz, CDCl;) 6 196.6
(d, J=2.1 Hz), 165.1 (d, J=26.7 Hz), 158.4, 151.2 (d, J = 21.2 Hz), 137.6 (d, J = 5.8 Hz), 134.9, 128.8
(d, J=0.9 Hz), 128.5, 127.9, 127.1 (d, J = 4.3 Hz), 126.6, 126.3, 122.3 (d, J= 1.6 Hz), 112.7,93.6 (d, J =
192.4 Hz), 83.2, 54.3, 46.1 (d, J = 22.2 Hz), 38.4 (d, J = 8.7 Hz), 26.8; IR (film) v 1753, 1727, 1668,
1614, 1586, 1514 cm™'; EI-MS (m/z): 422 (M", 5.3%), 134 (100), 57 (38), 366 (29), 304 (27), 322 (27),
174 (14), 159 (14), 135 (13); HRMS (EI): m/z: calcd. for CosHa7FOy: 422.1893; found: 422.1895 [M]".
HPLC separation conditions: Chiralcel AD, 20 °C, 254 nm, 9:1 hexane : i-PrOH, 0.8 mL/min; tr = 26.9

min (major enantiomer), 30.1 min (minor enantiomer).
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(18,68 ,E)-tert-butyl-1-fluoro-6-(4-nitrophenyl)-4-oxo-2-styrylcyclohex-2-enecarboxylate 50:
Colorless oil; [0]*p = -203.5 (¢ = 0.850 in CHCl3); '"H NMR (300 MHz, CDCl3) § 8.24 (d, J = 8.2 Hz,
2H), 7.61-7.28 (m, 8H), 6.80 (d, J = 16.4 Hz, 1H), 6.39 (s, 1H),
4.09-3.97 (m, 1H), 3.50 (d, J = 15.5 Hz, 1H), 2.77 (d, J = 23.2 Hz,
1H), 1.32 (s, 9H); "’F NMR (282 MHz, CDCl;) § -150.61 (d, J =

16.0 Hz, 1F); C NMR (75 MHz, CDCl3) 6 195.0 (d, J = 2.0 Hz),
164.7 (d, J=26.5 Hz), 150.7 (d, J = 20.8 Hz), 146.7, 142.0, 137.9 (d, J= 5.7 Hz), 134.6, 1289 (d, /= 1.4
Hz), 128.7,127.9, 126.9 (d, J = 4.3 Hz), 126.4, 122.5, 121.7 (d, J = 1.9 Hz), 92.0 (d, J = 194.8 Hz), 84.0,
46.6 (d,J=21.8 Hz), 37.8 (d, J= 8.4 Hz), 26.7; IR (film) v 1753, 1728, 1668, 1522, 1349 cm™'; EI-MS
(m/z): 437 (M", 3.4%), 57 (100), 131 (54), 381 (46), 337 (34), 319 (26), 353 (25), 159 (22), 316 (22);
HRMS (EI): m/z: calcd. for C,sH24FNOs: 437.1639; found: 437.1645 [M]+. HPLC separation conditions:
Chiralcel ODH, 20 °C, 254 nm, 9:1 hexane : i-PrOH, 0.6 mL/min; tg = 44.4 min (minor enantiomer), 63.0
min (major enantiomer).

(15,68, E)-tert-butyl-1-fluoro-4-oxo-2-styryl-6-p-tolylcyclohex-2-enecarboxylate 5p: Colorless oil;
[a]*'D = -295.1 (¢ = 1.450 in CHCls); '"H NMR (300 MHz, CDCl3) &
7.50-7.42 (m, 2H), 7.39-7.11 (m, 8H), 6.77 (d, J = 16.4 Hz, 1H), 6.34
(s, 1H), 3.92-3.80 (m, 1H), 3.45 (t, 14.5 Hz), 2.77-2.68 (m, 1H), 2.35

(s, 3H), 1.31 (s, 9H); ’F NMR (282 MHz, CDCl3) ¢ -150.73 (d, J =
17.8 Hz, 1F); *C NMR (75 MHz, CDCls) 6 196.7 (d, J = 1.8 Hz), 165.1 (d, J = 27.0 Hz), 151.2 (d, J =
21.0 Hz), 137.6 (d, J = 6.4 Hz), 136.9, 134.9, 131.6, 128.5, 128.1, 127.9, 127.7, 127.1 (d, J = 4.0 Hz),
126.4,122.3 (d,J=1.6 Hz), 93.5 (d, /= 192.6 Hz), 83.2, 46.5 (d, J=22.3 Hz), 38.3 (d, /= 8.5 Hz), 26.8,
20.1; IR (film) v 1755, 1728, 1668, 1617, 1586 cm™; EI-MS (m/2): 406 (M", 5.4%), 288 (100), 57 (78),
306 (67), 350 (49), 158 (40), 159 (36), 41 (28), 91 (25); HRMS (EI): m/z: calcd. for C,6H27FO3: 406.1944;
found: 406.1948 [M]". HPLC separation conditions: Chiralcel ODH, 20 °C, 254 nm, 9:1 hexane : i-PrOH,

0.6 mL/min; tg = 24.3 min (major enantiomer), 27.0 min (minor enantiomer).
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(18,68,E)-tert-butyl-1-fluoro-6-(4-methoxyphenyl)-2-(4-methoxystyryl)-4-oxocycl ohex-2-

enecarboxylate 5q: Colorless oil; [a]*p = -249.2 (¢ = 1.650 in CHCl3); '"H NMR (300 MHz, CDCl3) &
741 (d,J= 9.1 Hz, 2H), 7.30-7.25 (m, 3H), 6.94-6.84 (m,
4H), 6.64 (d, J = 16.4 Hz, 1H), 6.30 (s, 1H), 3.89-3.75 (m,
7H), 3.42 (t, J = 15.2 Hz, 1H), 2.76-2.65 (m, 1H), 1.31 (s,
9H); "’F NMR (282 MHz, CDCl;3) § -150.61 (d, J = 16.3 Hz,

O 1F); *C NMR (75 MHz, CDCl;) 6 197.6 (d, J = 2.1 Hz),

166.2 (d, J=26.8 Hz), 160.8, 159.4, 152.5 (d, J = 21.1 Hz), 138.2 (d, J = 5.9 Hz), 129.8 (d, J = 0.9 Hz),
128.9, 128.6 (d, J = 0.8 Hz), 127.7 (d, J = 0.5 Hz), 127.1 (d, J = 4.2 Hz), 1209 (d, J = 1.7 Hz), 114.3,
113.7,94.6 (d, J = 192.5 Hz), 84.1, 55.3, 47.1 (d, J = 22.2 Hz), 39.4 (d, J = 8.5 Hz), 27.8; IR (film) Vv
1753, 1727, 1668, 1614, 1586, 1514 cm™; EI-MS (m/2): 452 (M", 61.7%), 57 (100), 121 (75), 134 (70),
396 (66), 189 (65), 352 (45), 234 (45); HRMS (EI): m/z: calcd. for Cy7H29FOs: 452.1999; found:
452.1998 [M]". HPLC separation conditions: Chiralcel AD, 20 °C, 254 nm, 9:1 hexane : i-PrOH, 0.7
mL/min; g = 24.5 min (minor enantiomer), 32.5 min (major enantiomer).

(18,68, E)-tert-butyl-1-fluoro-2-(4-methoxystyryl)-6-(4-nitrophenyl)-4-oxocyclohex-2-enecarb oxylate 5r:
Colorless oil; [a]*'p = -244.2 (¢ = 1.200 in CHCLy); 'H
NMR (300 MHz, CDCls) 6 7.78 (AB, J= 8.9 Hz, 4H), 7.16
(AB, J=9.1 Hz, 4H), 6.97 (AB, J = 16.4 Hz, 2H), 6.35 (s,

o 1H), 4.07-3.96 (m, 1H), 3.83 (s, 3H), 3.48 (t, J = 16.6 Hz,

1H), 2.83-2.69 (m, 1H), 1.32 (s, 9H); '°’F NMR (282 MHz,
CDCl3) § -150.40 (d, J= 16.1 Hz, 1F); *C NMR (75 MHz, CDCl3) 6 196.0 (d, J = 2.0 Hz), 165.8 (d, J =
26.7 Hz), 160.1, 152.1 (d, J = 20.7 Hz), 147.9, 143.0 (d, /= 0.7 Hz), 138.6 (d, /= 5.7 Hz), 1299 (d, J =
1.2 Hz), 129.0, 128.4 (d, /= 0.7 Hz), 126.8 (d, J = 4.4 Hz), 123.4, 120.3 (d, J=2.0 Hz), 114.4,94.0 (d, J
=194.8 Hz), 84.9, 55.3,47.6 (d, J=18.0 Hz), 38.7 (d, J = 8.4 Hz), 27.7; IR (film) v 1752, 1727, 1667,
1603, 1582, 1523, 1513 cm™'; EI-MS (m/z): 467 (M", 38.9%), 57 (100), 411 (74), 367 (52), 189 (46), 234
(45), 41 (46), 121 (29); HRMS (EI): m/z: calcd. for C;6H26FNOg: 467.1744; found: 467.1747 [M]". HPLC
separation conditions: Chiralcel AD, 20 °C, 254 nm, 4:1 hexane : i-PrOH, 0.7 mL/min; #z = 28.6 min

(major enantiomer), 37.1 min (minor enantiomer).
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(18,68, E)-tert-butyl-6-(4-bromophenyl)-2-(4-bromostyryl)-1-fluoro-4-oxocyclohex-2-enecarb oxylate 5s: Colorless
oil; [a]*p = 98.2 (¢ = 1.250 in CHCLs); 'H NMR (300 MHz,
CDCl3) 0 7.54-7.47 (m, 4H), 7.36-7.20 (m, 9H), 6.75 (d, J =
16.4 Hz, 1H), 6.34 (s, 1H), 3.92-3.80 (m, 1H), 3.48-3.37 (m,

Br 1H), 2.78-2.65 (m, 1H), 1.31 (s, 9H); '’F NMR (282 MHz,
CDCl3) § -150.68 (d, J = 16.4 Hz, 1F); °C NMR (75 MHz, CDCl3) 6 196.7 (d, J = 2.1 Hz), 165.8 (d, J =
26.5 Hz), 151.5 (d, J=21.0 Hz), 137.2 (d, J = 6.0 Hz), 134.6 (d, J = 0.8 Hz), 134.5, 132.0, 131.5, 130.4
(d, J=1.1 Hz), 128.7, 128.3 (d, J = 4.3 Hz), 123.6 (d, J = 1.9 Hz), 122.3, 94.1 (d, J = 193.7 Hz), 84.6,
47.2 (d,J=122.1 Hz), 39.0 (d, J=9.6 Hz), 27.7; IR (film) v 1731, 1665, 1581, 1488 cm™; EI-MS (m/z):
550 (M'+2, 3.3%), 57(100), 494 (26), 41 (17), 183 (17), 169 (15), 432 (14), 492 (13), 171 (13); HRMS
(ED): m/z: caled. for CysHp3BroFOs: 547.9998; found: 547.9996 [M]+. HPLC separation conditions:
Chiralcel AD, 20 °C, 254 nm, 9:1 hexane : i-PrOH, 0.6 mL/min; g = 27.2 min (minor enantiomer), 33.0
min (major enantiomer).

(18,6R,E)-tert-butyl 6-butyl-1-fluoro-4-oxo-2-styrylcyclohex-2-enecarboxylate 5t: Colorless oil; [a]24D = -205.0
(¢ =10.900 in CHCl3); '"H NMR (300 MHz, CDCl3) § 7.55-7.27 (m, 6H),
6.74 (d, J = 16.4 Hz, 1H), 6.26 (s, 1H), 2.73-2.44 (m, 3H), 2.04-1.77
(m, 1H), 1.47-1.15 (m, 14H), 0.94-0.90 (m, 3H); "’F NMR (282 MHz,

CDCl3) § -153.80 (d, J=17.1 Hz, 1F); >C NMR (75 MHz, CDCl3) 0
196.5 (d, J = 2.2 Hz), 165.5 (d, J = 28.4 Hz), 151.7 (d, J=21.2 Hz), 137.1 (d, J = 5.6 Hz), 134.9, 128.4,
127.8, 126.9 (d, J = 4.6 Hz), 126.4, 122.1 (d, J = 2.6 Hz), 93.5 (d, /= 189.3 Hz), 83.2,41.7 (d, J=23.3
Hz), 38.3 (d, J = 9.9 Hz), 28.2, 27.8, 26.9, 21.5, 12.9; IR (film) v 1752, 1730, 1617, 1587 cm™; EI-MS
(m/z): 372 (M", 8.2%), 57 (100), 316 (53), 170 (47), 197 (42), 239 (31), 41 (21), 195 (20), 91 (19);
HRMS (EI): m/z: calcd. for Cy3Hy90FO5: 372.2101; found: 372.2098 [M]+. HPLC separation conditions:
Chiralcel AD, 20 °C, 254 nm, 9:1 hexane : i-PrOH, 0.6 mL/min; g = 9.9 min (minor enantiomer), 12.1
min (major enantiomer).
(1S,6R)-tert-butyl 1-fluoro-2-methyl-4-oxo-6-propylcyclohex-2-enecarboxylate 5u: Colorless oil. [a]*p = 204.9
o (¢ = 1.650 in CHCl3); '"H NMR (300 MHz, CDCl3) 6 6.60 (s, 1H), 2.64-2.40 (m,

3H), 1.97 (s, 3H), 1.85-1.71 (m, 1H), 1.49 (s, 9H), 1.44-1.07 (m, 3H), 0.97-0.90 (m,
SN

= “corpy SH F NMR (282 MHz, CDCls) ¢ -157.87 (d, J = 13.7 Hz, 1F); >C NMR (75
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MHz, CDCl3) 6197.2, 166.2 (d, J = 29.2 Hz), 156.1 (d, J = 24.2 Hz), 129.5 (d, /= 4.6 Hz), 95.5 (d, J =
186.0 Hz), 83.9, 42.3 (d, J = 22.7 Hz), 39.6, 32.0, 27.9, 20.0, 17.6 (d, J = 5.9 Hz),, 13.9; IR (KBr) v
1754, 1728, 1681 cm™; ESI-MS (m/z): 293 (M+23); HRMS (EI): m/z: calcd. for C;sHpFOs: 270.1631;
found: 270.1630 [M]". HPLC separation conditions: Chiralcel ODH, 20 °C, 214 nm, 9:1 hexane : i-PrOH,
0.7 mL/min; tg = 8.0 min (minor enantiomer), 8.7 min (major enantiomer).

(18,68)-tert-butyl 1-fluoro-4-oxo-2,6-diphenylcyclohex-2-enecarboxylate 5v: Colorless oil; [a]*'p =

o 125.5 (¢ = 0.360 in CHCls); "H NMR (300 MHz, CDCls) 8 7.52-7.18 (m, 10H), 6.42 (s,
1H), 3.97-3.85 (m, 1H), 3.48-3.36 (m, 1H), 2.76 (d, J= 17.3 Hz, 1H), 1.18 (s, 9H); "°F
PR "’costt]su NMR (282 MHz, CDCls) d -150.67 (d, J = 15.0 Hz, 1F); *C NMR (75 MHz, CDCls) &

197.3, 166.0 (d, J=26.5 Hz), 155.6 (d, J=22.8 Hz), 135.7, 134.6, 130.1, 129.3 (d, J =
4.5 Hz), 128.9, 128.6, 128.4, 128.3, 127.9 (d, J= 2.3 Hz), 94.5 (d, J = 194.6 Hz), 84.4, 48.7 (d, J = 22.0
Hz), 39.3 (d, J = 8.4 Hz), 27.6; IR (film) v 1753, 1725, 1672 cm™; EI-MS (m/2): 57 (100), 266 (56),
248 (28), 265 (15), 41 (13), 267 (11), 178 (10), 133 (10); HRMS (EI): m/z: calcd. for C,3H»3FOs:
366.1631; found: 366.1624 [M]". HPLC separation conditions: Chiralcel ODH, 20 °C, 254 nm, 9:1
hexane : i-PrOH, 0.7 mL/min; g = 18.3 min (major enantiomer), 28.8 min (minor enantiomer).
(1R,28,68,E)-tert-butyl-2-(4-bromostyryl)-1-fluoro-2-hydroxy-4-oxo-6-phenylcyclohexanecar boxylate 6a: White
solid. Mp: 146-147 °C; [a]*p = -40.6 (¢ = 0.450 in CHCL); 'H
NMR (300 MHz, CDCls) ¢ 7.52-7.22 (m, 9H), 6.60 (AB, J = 15.8
Hz, 2H), 4.20-3.93 (m, 2H), 3.10-2.89 (m, 2H), 2.71-2.44 (m, 2H),

1.05 (s, 9H); ’F NMR (282 MHz, CDCl;) 6 -178.86 (d, J=33.1 Hz,
1F); >C NMR (75 MHz, CDCl3) 6 205.2, 169.5 (d, J = 21.5 Hz),
136.5 (d, J = 1.1 Hz), 134.8, 131.7, 129.9 (d, J = 0.8 Hz), 128.9 (d, J = 2.5 Hz), 128.8, 128.5, 128.1,
128.0, 121.9,95.9 (d, J = 207.2 Hz), 84.6, 77.8 (d, J = 22.5 Hz), 48.0, 47.9, 44.9 (d, /= 18.8 Hz), 42.8 (d,
J=4.4Hz),27.4; IR (KBr) v 3518, 1720, 1704, 1489 cm™'; EI-MS (m/2): 488 (M", 3.3%), 209 (100),
211 (95), 266 (54), 268 (52), 57 (38), 238 (30), 102 (29), 240 (28); HRMS (EI): m/z: calcd. for
C,5Ha6BrFO,: 488.0998; found: 488.1005 [M]". HPLC separation conditions: Chiralcel ODH, 20 °C, 254

nm, 9:1 hexane : i-PrOH, 0.8 mL/min; g = 12.6 min (major enantiomer), 14.8 min (minor enantiomer).
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(IR,2S,6S,E)-tert-butyl-2-(4-bromostyryl)-6-(2-chlorophenyl)-1-fluoro-2-hydroxy-4-oxocyclohexane
carboxylate 6m: White solid. Mp: 125-126 °C; [a]*p = 95.8 (¢ = 1.450 in CHCl5); '"H NMR (300 MHz,
0 CDCl3) 6 7.73 (d, J= 7.7 Hz, 1H), 7.45-7.20 (m, 8H), 6.65 (AB, J=16.0

Cl Hz, 2H), 4.95-4.77 (m, 1H), 3.98 (d, J = 2.7 Hz, 1H), 3.03-2.80 (m, 2H),
©\\\\Fo Co;t//l3u\©\ 2.66-2.53 (m, 2H), 1.11 (s, 9H); '’F NMR (282 MHz, CDCl;) § -177.59
Br (d, J=28.4 Hz, 1F); >C NMR (75 MHz, CDCl;) 6 204.7, 168.4 (d, J =

23.6 Hz), 135.9, 135.0, 134.6, 134.1, 130.0 (d, J = 7.0 Hz), 129.7, 129.1, 128.7, 128.1 (d, J = 10.9 Hz),
127.2,126.7,96.3 (d, J=204.9 Hz), 84.8, 77.8, 48.4, 42.8, 42.7,39.4 (d, /= 18.0 Hz), 27.4; IR (KBr) v
3466,2976, 1721 cm™'; EI-MS (m/2): 444 (M", 0.9%), 131 (100), 188 (48), 57 (31), 160 (27), 103 (16), 41
(11), 132 (10), 77 (8); HRMS (EI): m/z: calcd. for C,5HasCIFOy4: 444.1504; found: 444.1506 [M]". HPLC
separation conditions: Chiralcel ADH, 20 °C, 254 nm, 4:1 hexane : i-PrOH, 0.7 mL/min; tg = 15.6 min

(major enantiomer), 16.4 min (minor enantiomer).
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Copies of 'H NMR, *F NMR and **C NMR

(E)-tert-Butyl 5-(4-bromophenyl)-2-fluoro-3-oxopent-4-enoate 3a

Br

Chemical Formula: Cy5HgBrFO;
Exact Mass: 342.0267
Molecular Weight: 243.1881
Elemental Analysis: C, 52.50; H, 4.70; Br, 23.28; F, 5.54; O,
1398
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3 80 7.3 0
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[TTT T[T I T T[T T T[T ITT[TTTT
6.5 &0 33 i 43 40 33 30

Br”
Chemical Formula: Cy5HgBrfC;
Exact Mass: 342.0267
Molecular Weight: 3431881
Elemental Analysis: C, 52.50; H, 4.70; Br, 23.28; F, 5.54; O,
13.89

L I I L LB L B R
] 13 0 13 Lo 03 00

03
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Chemical Formula: CygHysBrFO;
Exact Mass: 342.0297
Molecular Weight: 343.1881
Elemental Analysis: C, 52.50: H, 4.7

12.60

C5-30P

; Br.2328:F 5540

g &
Ao s
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F A T A
i g
|
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Chemical Formula: C,5H,BrFO;
Exact Mass: 342.02669
Malecular Weight: 343.18814
Elemental Analysis: C. 52.50; H, 4.70; Br, 23.28; F, 5.54; 0, 13.99

CB-52P
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LN L L L L L
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Chemical Formula: C,sH, BrfO;
Exact Mass: 342.02669
Molecular Weight: 34318814
Elemental Analysis: C, 52.50; H, 4.70; Br, 23.28; F, 5.54; O, 13.59

C6-52P

18%.215

o0

S20



(E)-tert-Butyl 5-(2-bromophenyl)-2-fluoro-3-oxopent-4-enoate 3c
' 27
|J.|
Br o 0
| S o’L<
L
Chemical Formulza: CszH,sBrFO;
Exact Mass: 342 0267
Melecular Weight: 343.1881
Elemental Analysis. G, 52.50: H, 4.70; Br, 23.28. F, 5.54: O, 13.99
C6-14P
21 2
'_|_|
10 10 10
— Il —=
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Chemical Formula: C;cH,;Brf Oy
Exact Mass: 3420267
Molecular Weight: 343.15881
Elemental Analysis: C, 52.50; H, 4.70; Br, 23.28; F, 5.54; 0, 13.99

CE-14P

200 =210

-190
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189280
——189.064

Br OCJ<
T o]

| = F

Chemical Formula: C,;H,;BrFO;
Exact Mass: 342.0267
Molecular Weight: 343.1881
Elemental Analysis: C, 52.50; H, 4.70; Br, 23.28; F, 5.54; 0, 13.99

27 891

CE-14P
|
|
N 1 | I
|' I i LA . L
T | T T T T | T T T T | T T T T T T T T T T | T T T | T T T T
200 175 150 125 75 L] b
(E)-tert-Butyl 2-fluoro-5-(4-nitrophenyl)-3-oxopent-4-enoate 3d

WF_- — I

/

Jn'

29
jsasse
0N F
Chemical Formula: CysH1gFNOs
Exact Maszs: 305.1013
Molecular Weight: 3092396
Elemental Analysis: C, 58.25; H, 5.21; F, 6.14; N, 4.53; O, 2588
32
.
1.8
h 1.1 1.0
th -
' |
IIII|IIII|IIII|IIII|IIIIIIIIIIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIIIIIII|IIIII
B3 20 73 70 &5 50 55 50 45 40 35 23 20 15 10 X4 0 -0
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Elemental Analysis: C, 58.25; H, 5.21;F, 6.14; N, 4.53; O, 25.86

o 0
e A
ST o

AT

S

Chemical Formula: Cy5HgFNO,
Exact Mass: 309.1013
Molecular Weight: 309 2556

C6-TP

Elemental Analysis: C, 58.25; H, 5.

140

-180

o o /J<
Mo
Q4N i

Chemical Formula: CygHsFNO;
0.1012
Maolecular Weight 3008.2308

Exact Mass:

C6-TP

1

F.8.14; N, 4.53; 0, 25.36
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(E)-tert-Butyl 2-fluoro-5-(4-methoxyphenyl)-3-oxopent-4-enoate 3e

o T 90

s & B
|

wiow P

J Xk
S 0/<‘
Heass

Chemical Formula: CigHqaF Oy
Exact Mass: 2941267
Molecular Weight: 294 3181

Elemental Analysis: C, 65.29; H, 6.51; F, 6.48; 0, 21.74

28 30
— h
an
1.0 1.0
_H_,“ [ A U A M l
IIII|IIII|IIII|IIIIIIIIIIII|IIII|IIIIIIII|IIII|IIIIIIIIIIIIIIII|IIIIIIIIIIII|IIII
23 0 75 0 5 &0 53 50 45 40 33 0 25 24 3 03 0 -0
o] o]
-
s A<
\..o, = F
Chemical Formula: CygH.FO,
Exact Mass: 294 1267
Molecular Weight: 284.3181
Elemental Analysis: C, 85.29; H, 5.51; F, 6.48; 0, 21.74
. " s .
| T T II T | T T T T | T T T T | T T T T | T T T T T T T T T T T | T T T T |
140 1% 180 17 -180 130 200 210
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Chemical Formula: Cy¢H,F Oy
Exact Mass: 294 1267
Melecular Weight: 25943181
Elemental Analysis: C, 65.29; H, 6.51; F, 6.45; O, 21.74

C6-11R1P

PR

Chemical Formula: Cq5H7F 03

Exact Mass: 264.11617
Melecular Weight: 264.25208

Elemental Analysis: C, 68.17; H, 645, F, 7.158; O, 18.18

C6-40P

. I
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L o 33 30 43

40 33
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Chemical Formula: Cy5H7F O3
Exact Mass: 264 11617

Melecular Weight: 264.29208
Elemental &nalysizs: C, 65.17; H, 6.48; F, 7.19; O, 18.16

Ca-40P

-150 -160 -170 -180 -150 -200 -210

7884

o} o]
Y
| l = F

Chemical Formula: Cy5H7F 03
| Exact Mass: 26411617
Molecular Weight: 26429208
Elemental Analysis: C, 65.17; H, 648, F, 7.19; O, 18.16

CE-40P
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(E)-Ethyl-5-(4-bromophenyl)-2-fluoro-3-oxopent-4-enoate 3g

7.788

Chemical Formula: C3H,BrF Oy
Exact Mass: 313.5854
Maolecular Weight: 315135
Elemental Analysis: C, 49.55; H, 3.84; Br, 25.36; F, 6.03; O,

15.23
C&-11R2P
432
.
33
r|L|
22

|| (!
i1 i1 10 | ||
o0 1 | |
|| M | | |
i LU i JJI — ok [
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5 20 75 70 €3 60 53 50 45 40 35 10 25 20 L3 10 03 0
23
.
o 0
ot o
F
Br =
Chemical Formula: Cy3H2BrF O3
Exact Mass: 313.9554
Maolscular Weight: 315.135
Elemental Analysis: C, 48.55; H, 3.84; Br, 25.26; F, 6.03; O,
15.23
C6-11R2P
s " il
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
140 50 -150 -7 150 -130 200 210
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Chemical Formula: Cy3HiBrF 05
Exact Mass: 313.0054
cular Weight 315.135
Elemantal Analysis: C. 42.55; H, 3.84; Br, 2
1523

CB-11R2P

|
(E)-tert-butyl 2-fluoro-3-oxohex-4-enoate 3h
§2 g
 f
|
I
/“}/ﬁ‘(ﬁ)\ok
Chemical Formula: SygHwFos
Exact Mass: 202.1003
Walzcular Wisigh 2237
Siemental Analysls: C, 38380 H, 745 F, 9.39; 0, 2374 4

CB-TIP
Sruker 300 MHzZ COCL,
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(18,68, E)-tert-butyl-2-(4-bromostyryl)-1-fluoro-4-oxo-6-phenylcyclohex-2-enecarboxylate 5a

Auto-Scaled Chromatogram

=

0.257
0.20
o] |
0.25 il oy
o
] EII @
1 f )
0.207 _{'n| o
] | h
= ] | I' \
% 0154 |
] [ |
] | | !
0.104 | |
] [ ] I
] | | |
] |
0.057 | | | \
] | \\_ | "
E " A I .
0.00+ it : — — —— —==—
; TR By e B e e e B S T e e e B B B [ R e
10.00 12.00 14.00 £.00 18.00 20.00 22.00 24.00 26.00 25.00 30.00 32.00
min
Peak Results
Mams RT Area Height [ % Height | % Arsa
1 10315197 | 265303 50 55 49090
2 10318661 (130108 40.45 50.01
Auto-Scaled Chromatogram
0.147
0.12]
.10 &
] w
E =
0.08+ o

Al
=
=]
[=1

1
e

0.04 \
] = |I '\
0.024 1] |
] o

T N T T T T
16.00 18.00 20.00 22.00 24.00 26.00 2800 an.oo

32.00
min
Peak Results
Mame RT Area Height | % Height | % Area
1 18.578 8598 2a0 0.3%9 0.22
2 24 523 | 39322680 | 73435 G881 gE.78
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Chemical Formula: CzsHz4BrFO;
Exact Mass: 470.0893
Molecular Weight: 471.3587
Elemental Analysis: C, 63.70; H, 5.13; Br, 16.95; F, 4.03;

-

0, 1018
h
éﬁ
t 2 g 2 2 !
. .
h
I !
L I Lo
S
5 B8O T3 70 (5] &0 55 50 45 L] 5 25 20 s 10 (5] oo 05

- o
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» A : |
\) F COxf-Bu
Chemical Formula: CagHz4BrFO;
Exact Mass: 470.08583
Malecular Weight: 471.2587
Elemental Analysis: C, 63.70; H, 5.13; Br, 16.85; F, 4.03;
0, 10.18
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Br

Chemical Formula: CogHzaBrF O3
Exact Mass: 470.0882
Molecular Weight: 471.3587
Elemental Analysis: C, G3.70; 4, 5.12; Br, 16.95; F. 4.03;
0, 10.18

L B L
ns

(18,68,E)-tert-butyl-2-(3-bromostyryl)-1-fluoro-4-oxo-6-phenylcyclohex-2-enecarboxylate 5b

130

100 73 0

=g Oromoyar((E 5521 2ac)
45
El
35|
g
% 23] E '3
n = :
£ an o
15]
it
5
L R e—— T,
8 9 a ik 12 13 1a
Time{min})
Results
Peal: Na. Peal ID Eet Time Heizht Area Conc.
1 11423 22320.941 347133844 423721
2 12.250 20155.375 355020438 50.6280
Texd 42476316 703208281 100.0000

S32



Oraoscy a0 B11-2a)

00
45H
400
35H
_ I0H E
- —
E. 25 v
o
4 0]
.-;
15H
10H
. ]
= ﬁ
3]
o —_— .
& 9 10 " 12 13 14
Time{mem}
ERezults
Feal: No. Peal: ID Eet Time Height Area Come.
1 11.393 240447953 3477432.250 SR.6T00
2 12.203 1115101 11165.351 .3201
Tk 141583.054 348E307.601 1000000
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Chemical Formula: CasHa4BrFO;
Exact Mass: 470.0893
Molecular Weight: 4713587
g Elemental &nalysis: C, 83.70; H, 5.13; Br,
16.95; F, 4.03; O, 10.18
L
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Chemical Formula: CzzHzgBrFO,
Exact Mass: 470.0852
Malecular Weight: 4713587
Elemental Analysis: C, 63.70; H, 5.13; Br,
16.95; F, 4.03; O, 1018

el nﬂh ST i
|||||||||||||||||||||||||||| |||||||||||||||||||||||||||||
1283 1180 1173

1285 12990

323 1320 131% 1310 1305 1

Chemical Formula: CasHz4BrFC;
Exact Mass: 470.0333
Malzcular Weight: 471.3587
Elemental Analysis: C, 83.70; H, 5.13; Br
168.95; F, 4.03; ©, 10.18

—=—27.775
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(1S,6S,E)-tert-butyl-2-(2-bromostyryl)-1-fluoro-4-oxo-6-phenylcyclohex-2-enecarboxylate 5¢

Aufo-Scaled Chromatogram
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Peak Result
Hama RT LT Halght | % Hakght | % & fes
i 15870 | 1318244 | 40047 302 S0 18
z 18138 | 1308815 | 25488 4808 ap B2
Aufo-Scaled Chromatogram
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Hama RT LT Haight | % Haigh! | % &fad
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2 17741 12208 251 o 0,32
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. Chemical Formula: CasHayBriQ;
i Exact Mass: 470.0203
Modecular Weight: 471.3587
’_L| Elemental Analysis: C, §3.70; H, 5.13; Br, 16.85: F, 403; C,
10.18
= = (=1
5 -
Ml M RN | B
IIIIII|IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII|IIII|II
5 80 75 70 &3 50 55 5 43 40 3.5 3 13 1] 15 10 [i%] oo 0.5
Chemical Formula: CasHayBrifQs
Exact Mass: 470.0893
Molecular Weight: 471.3587
Elemental Analysis: C, 63.70; H, 5.13; Br, 16.95; F, 4.03; O,
10.18
T [ v 1 1 1T [ T 1 11T T 1 1 T [ T 1 T T [ T T T T [ T T T T [ T T T T [ T T T T 1
] -3 -3 -73 125 -150 200
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F* CO.t-Bu
Chemical Formula: CesHayBrfCy
Exact Mass: 470.08%3
Molecular Weight: 471.3587
Elemental Analysis: C, 63.70; H, 5.13; Br, 16.95; F, 4.03; O,
10.18
-'I-I'|IIII|IIII|IIII|IIII|IIII|IIII|III;—I'|'IIII|IIII|IIII|IIII|IIII|IIII
137 136 133 134 133 132 131 130 1 11§ 127 126 12
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2 2 175 150 125 100 k] 50 25 0

(18,68 ,E)-tert-butyl-1-fluoro-2-(4-nitrostyryl)-4-oxo-6-phenylcyclohex-2-enecarboxylate 5d

Auto-Scaled Chromatoegram
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min
Peak Results
Hama RT Area Helght | % Helght | % Area
1 27.112 | 58594946 | 101513 59.37 50.11
2 36.975 | 5873110 | ©694&8 40.63 49.3¢8
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Auto-Scaled Chromatogram
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1 27.34E 39370 T28 0.62 0.38
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Chemical Formula: CaeHo FNO;
. Exact Mass: 4371628
Molecular Weight: 437 4802
Elemental Analysis: C, 68.64; H, 5.53; F, 4.34; N, 3.20; &, 18.29
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50.922
150.982
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PECSTD
F' COt-Bu l
~F ~na,
Chemical Formula: CagHoyFNO.
Exact Mass: 427.1629
Molecular Weight; 437.4602
Elemental Analysis: C, 88.64; H, 5.53; F, 4.34; N, 3.20; O, 1825

7 Ty

P

24 63

165729

Chemizal Formula: CasHgyFMOg
Exact Mass: 437.1838
Malecular Weight: 437 4802
Elemental Analysis: C, 88.64; H. 553, F £ 34: N, 320: 0, 1829
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(18,68, E)-tert-butyl-1-fluoro-2-(4-methoxystyryl)-4-oxo-6-phenylcyclohex-2-enecarboxylate 5e

Auto-Scaled Chromatogram

0.7+
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14.00 1600 1E.00 20.00 22.00 24.00 2E.00
min
Peak Results
Hams RT Area '|!|§|'|'. £ '|!|§|'|'. % Arsa
1 16.711 | 9311694 | 2522632 £1.26 | 5002
2 22414 | 9299512 [ 154745 3.0z 4997
Auto-Scaled Chromatogram
0.7
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14.00 1600 1E.00 20.00 72.00 74.00 2600
min

Peak Results

Name RT ATEa Helght | % Helght | % Area
1 16.974 44801 1448 i ] D.z3
2 22.599 | 17665937 | 295632 9o9.52 9875
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Chemical Formula: CagHzsFOs
Exact Mass: 4221853
Molecular Weight: 422.4388
Elemental Analysis: C, 73.91; H, 6.44; F, 4.50; O, 1515
o
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h
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0 75 el [4] 50 5.5 50 45 41 35 L 15 20 L5 18 03
Chemical Formula: CagHa7FOy
Exact Mass: 422 1883
Molecular Weight: 422 4586
Elemental Analysis: C. 73.91; H, 6.44; F, 4.50; 0, 15.15
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0 -100 110 120 -130 -140 150 160 170



Chemical Formula: CaeHaF O,
Exact Mass: 422 1893
Molecular Weight: 422.4888

Elemental Analysis: C, 73.91; H, 6.44; F 450, O, 15.15

—85343

(18,68,E)-tert-butyl-1-fluoro-4-oxo-6-phenyl-2-styrylcyclohex-2-enecarboxylate 5f

Chromatogram (c6-49plrac. org)

1,500
1,400
1,300
1,200
1,100
1,000
900
200
700
600
500
400
300
200
100

Voltage(mv)

34.028

28 29

Peak No. Peak ID

32 33 34 35 36 37 38 39 40
Time{min)

Results

Ret Time Height Area Conc.

ST,

31470 1132687.875 63817176.000 50.8709
34028 820498 563 61632156.000 491291

Total

1953186.438 125449332.000 100.0000
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Chromatogram (c6-49pl.org)

2,200
2,000
1,800
1,600
1,400
£ 1200
= 1,000
..:'
800
600
400
200
0 — i
28 29 30 31 32 33 34 36 36 7 38 39 40
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 31.178 1472119 284028469 0.3739
2 33.767 1040033.313 75271032.000 99.6241
Total 1047305.431 75555060.469 100.0000
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Exact Mass: 302.1788
Molecular Weight: 30246268
Elemental Analysis: C, TE.51; H, 8.42; F, 4.84; ©, 12.23
&
4 o - = < o
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4 ,7 o 4
1 o | l |
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80 73 m €3 &0 53 3. 4. 40 33 30 15 el ] 13 1o 03 0 03
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Chemical Formula: CaeHo=FO5
Exact Mass: 3821788
Molscular Weight: 352 4626
Elemental Analysis: C, T6.51; H, 6.42; F, 4.84; 0, 12.23

=130

Chemical Formula: CosHasFO5
Exact Mass: 202 1758
Molecular Weight 202.4526

Elemezntal Analysis: C, 7.

47 994

51, H, 642 F, 484, 0, 1223

T T T
=100 110 =120
71
|I|l .'II
{ U W
|
| | ‘
1 [
T T T T 7T IIIIIIIII T T
173 150
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(15,6S,E)-ethyl-2-(4-bromostyryl)-1-fluoro-4-oxo-6-phenylcyclohex-2-enecarboxylate 5¢g

Auto-Scaled Chromatogram

025
D20+
0.15 .
] -
o =
5 ] # 5
% 0104 4 0
] 5 & [ @
1 =1 = i .
1 iz r- ] \ I 1'\__
0.05 1 r Y F
000" iy — S, W—— o ——
LML L s o S L e e S L e e
2000 2200 2400 Zs5.00 23.00 30.00 3200 3400 36500 3800 £0.00 £200 4400 4600 4500
min
Feak Results
Name RT Area  |Helgnt | % Height | % Area
1 23.091 | 2290653 | 34666 15.02 11.34
2 27.424 | 2476140 | 35382 15.38 12.25
3 30.747 | TETEITI | 25872 41.58 ar.99
H 33.507 | 7765299 | 64644 25.04 35.43
Auto-S5caled Chromatogram
D25
0204
j o
] o
015 i
1 m
= 1 Y
T .10 [
0.05 w {
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: 2
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LI B B e e e e e e B e S e e L e e e e e o e e
Z0.00 2200 2400 2500 2300 30.00 3200 3400 3600 3300 £0.D0 4200 4400 4600 45.00
min
FPeak Results
Hame RT Area Helght | % Helght | % Area
1 30455 34760 1254 1.03 b.E0
2 37.493 | 14145306 | 1209480 3E.57 98,40
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3.839

Chemical Formula: CozHoBrFO4
Exact Mass: 442.058
Molecular Weight: 443 3055
Elemental Analysis: C, 62.32; H, 4.55; Br, 18.02; F, 4.2%5; O,
10.83

53.495

-110
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7,155

T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T
ns 20 173 50 125 100 50 5 [
(18,68,E)-tert-butyl 1-fluoro-4-oxo-6-phenyl-2-(prop-1-enyl)cyclohex-2-enecarboxylate 5h
Auto-Scaled Chromatogram
0.14]
0.12]
010
0.08] « s
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< 006 A ‘1_
D.EM—; ,'II ".\I‘ [
" | \
S - S A - - :
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500 800 9.00 1000 11.00 1200 13.00 14.00 15.00
mn
Peak Results
Name | RT Area Height | % Height | % Area
0023 | 1250386 | 50015 5226| 5040
11037 | 1337000 | szs70|  as7a| 4se0
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Auto-Scaled Chromatogram
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min
Peak Results
Mame | RT Area Height | % Height | % Area
1 9.891 | 6092562 | 262040 9971 9069
2 11.850 18250 753 029 031
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F" COtBu
Chemical Formula: CagHaaFO2
Exact Mass: 314 1682
Molecular Weight: 314.3838
Elemental Analysis: C, 7T6.41; H, 7.37, F, 6.04; O, 10.18
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F’ "CotBu

Chemical Formula: CagHz:FO2
Exact Mass: 314 1882
Maolecular Weight: 214 3938
Elemental Analysis: C, 76.41; H, 7.37; F, 6.04; O, 1018

Ph"

- i ] L
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X0 75 130 25 100 5 50 23 1]
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(18,68, E)-tert-butyl-1-fluoro-6-(4-fluorophenyl)-4-oxo-2-styrylcyclohex-2-enecar boxylate 5i

Chrozatopras (C5-G5AZiRAC. orEl

2
o 9
]
= 0 11 12 13 14 i 16 i7 fig 18 Jria
Tima{rmin)
Results
Peak No. FPeal ID Eet Time Height Area Comc.
1 13.758 34738410 1210418123 5001383
1 16.195 28035146 1203683125 40 RG0S
Tatel 534674557 2414102250 10000000
150 Chromatogras (C5—E321-2 orgl
1204
130
120
110
100
5H
E Bl
z g
% &0 o
=
5N
Tl
3N
20 =
d] e
. VAN g
g i 11 1z 1z 14 s g 7 18 13 pran
Tizoa{zain})
Results
Peak Na. Peal:ID Eet Tize Height Area Caame.
1 14300 571519 16203 230 0.7374
. 16458 53073414 21B1055.750 022626
Tatel 53745213 2197256 200 1000000
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a Chemical Formula: CasHzsF20z
Exact Mass: 410.1694
. Molecular Weight: 410.4331
Elemental Analysis: C, 73.16; H, 5.89; F, 9.26; O, 1169
S A
o [ . @ @ @
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Chemical Formula: CoeHoaF20;
Exact Mass: 4101694
Molecular Weight: 410.4531 4
Elemental Analysis: C, 73.16; H, 5.8%; F, 9.26; O, 11.6% = c
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Chemical Formula: Cy5H,,F.0,
Exact Mass: 410.1694
Molecular Weight: 4104531
Elemental Analysis: C, 73.16; H, 5.89; F, 8.26; O, 11.69

(18,68,E)-tert-butyl-6-(4-chlorophenyl)-1-fluoro-4-oxo-2-styrylcyclohex-2-enecar boxylate 5j

Auto-Scaled Chromatogram

0.60
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.20
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10.00 12.00 14.00 18.00 1600 20.00 22.00 24.00 Z6.00
min
Peak Results
Namea RT Area Helght | % Helght | % Area
1 1£.941 438588 13454 3147 T
2 19.250 428440 10325 44 1.63
3 Z0.611 | 131686877 | 230536 54.29 4E.04
4 23.992 | 13306774 | 169620 40.01 4B 55
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Auto-Scaled Chromatogram
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Peak Results
Name RT Area Helght | % Helght | % Area
20.48% 394z T24 0.66 0.47
23.637 | 8341992 | 105618 99.32 99.53
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Chemical Formula: CasHasCIFCs
Exact Mass: 425.1328
Malecular Weight: 426 8077
Elemental Analysis: C, 70.24; H, 5.87; Cl, 8.30; F, 445, 0, 11.24
b
'J_|
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AT

Exact Mass: 4261398

Molecular Weight: 426 9077
Elemental Analysis: C, 70.34; H, 5.67; Cl, B30, F, 4.45, 0, 11.24

Chemical Formula: CagHagCIF Oy
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(18,68, E)-tert-butyl-6-(4-bromophenyl)-1-fluoro-4-oxo-2-styrylcyclohex-2-enecar boxylate 5k

Auto-Scaled Chromatogram
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min
Feak Results
Name | RT Area |Helght| % Helght | % Area
1 1£.536 | £16089 | 18633 3009 4853
2 15.68% | 423941 | 18563 4881 I0.47
Auto-Scaled Chromatogram
0.23
0.204
] -
0.154 et
] T
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— ol
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0104 f
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LI S e s B s s e e e e e e e e s e e ) NS B B m e s e s s e e e s e
11.00 12.00 3.00 14.00 5.00 1E.00 17.00 13.00 12.00 20.00
min
FPeak Results
Mame | AT Area Helght | % Helght | % Area
1 £.487 | 2206573 | 109635 99.54 Q958
2 5.283 6881 -506 I1.4E 0.3
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Chemical Formula: CasHasBrF Oz
Exact Mass: 470.0382
Molecular Weight: 471.3887
Elemental Analysis: C, 63.70; H, 5.13; Br, 16.85; F, 4.03; 0. 10.18
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Chemical Formula: CasHz4BrFO;
Exact Mass: 4700833
Molecular Weight: 4713587
Elemental Analysis: C, 83.70; H, 5.13; Br, 16.85; F, 4.03; O, 10.18
T
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Elemental Anal

|\.~"' - #
F* costBu
PN

Chemical Formula: CagHgyBrifCy
Exact Mass: 47008832
Molecular Weight: 471.3557
ysis: C, 83.70; H, 5.13; Br, 16.85; F,4.03; O, 10.18

(18,68,E)-tert-butyl-6-(3-chlorophenyl)-1-fluoro-4-oxo-2-styrylcyclohex-2-enecar boxylate 5l

Gromayari0sEPRG o

1,300,
1,700
1,500
1,500
1,400
1,300
1,200
1,100
1,000
20
300
70O
S0
5004
A0
3004
20
100

Volageimy )

11987

14 062

Peak Na. Pealk ID

EFet Time

12

Timoe

Results

16
i )

Height Area Come.

(3%

11.987
14.062

731510875 1

3
2
717838038 12860537.0

4285476
511524

376575.000

1450378813
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H12 0E2

3 T 5 15
Time{num)

Eesults
Feal: I Eet Time Height Area Conc.

(=)
(%]

Peak Na.
1 12.052 797818 243500 08834
2 14105 TE1TE.330 1344128.000 203166
TEETEAST 1353376.500 1000000
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Chemical Formula: CocHasCIFO;
Exact Mass: 4261393
Molecular Weight: 426.9077
Elemental Analysis: C, 7034, H, 567, Cl, 330, F, 445, 0,11.24
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Exact Mass: 426.1308
Melecular Weight: 428.807

Chemical Formula: C;cH.CIFO;
Elemenial Analysis: C, 70.34; H, 5.687; CI, 8.30; F, 445, 0, 11.24
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(18,68, E)-tert-butyl-6-(2-chlorophenyl)-1-fluoro-4-oxo-2-styrylcyclohex-2-enecar boxylate 5m

Chromatogram (c6-39r2pl-2. org)

™

* o
uy ‘\l'
= o
15 16 17
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 15.513 29201.096 591231.313 49.3933
2 16.142 27301.191 605755.125 50.6067
Total 36302.287 1196986438 100.0000
150 Chromatogram (c6-539rlpl. org)
140
130
120
110
100 2
90 :’
80 -
= 10
E 60
% 50
= 40
=~ 30
20 X
10
0
-10
-20
230 A
-40
14 15 16 17
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 15490 108870.378 2147534250 992006
2 16.055 1026.224 17304.977 0.7994
Total 109896.802 2164839227 100.0000
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Chemical Formula: CzzHz2CIFO;
Exact Mass: 426 1388
Mclecular Weight: 4269077
Elemental Analysis: C, 70.34; H, 5.67; CI, 8.30; F, £.45; O, 11.24
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a0 73 0 63 a0 53 b1} 43 40 33 30 2 2 13 03 0o 43
Chemical Formula: CasHoyCIFO3
Exact Mass: 428.13858
Malecular Weight: 428.9077
Elemental Analysis: C, 70.24; H. 587; CL8.30; F. 4,45, 0, 11.24
-
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100 -110 -0 -130 -140 130 -160 -170
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C6-59R1P1

il

278

175 150

(18,68,E)-tert-butyl-1-fluoro-6-(4-methoxyphenyl)-4-oxo-2-styrylcyclohex-2-enec arboxylate 5n

Auto-S5caled Chromatogram

AU
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::'_9—26 883
330053

T
33.00
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1&.00 20.0a 22.00 2400 26.00 283.00 30.00 32.00 34.00 A56.00
min
Peak Results
Kamsz | RT Area | Helgnt [ % Heignt | % Area
1 Z6.883 | 3956250 | 60010 57.63 50.58
2 20.053 | 38635226 | 43753 4217 49.42
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Auto-Scaled Chromatogram
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min
Feak Results
Nama RT Area Hl:-g'll. % HEg"It % Area
1 26.7234 | 6183675 | 73284 Bo.53 2047
2 30.933 3271 -343 0.47 0.53
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© Chemical Formula: CasHaFOy
Exact Mass: 422 15823
Molecular Weight: 422.4828
Elemental Analysis: C, 73.01; H, 8.44; F, 4.80: 0. 15.15
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X“O/© F" COot-Bu
Chemical Formula: CagH27F 0y
Exact Mass: 422.1303
Molecular Weight: 422 4886
Elemental Analysis: C, 73.91; H, 6.44; F, 4.50; O, 15.15

T T T T T T T T I T T T T T
-1 -130 -140 -130 -1 -170
wy o
I =
e &

C6-61R1P1
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(18,68, E)-tert-butyl-1-fluoro-6-(4-nitrophenyl)-4-oxo-2-styrylcyclohex-2-enecarboxylate 50

Auto-Scaled Chromatogram

O '4-_
0.1z
£.1o
] -
0.DE+ 3
] T
=
T D006 K ﬁ
4 [3r]
] I\ 2
004 f
] / 7N
D.o2+4 | . \
] ’—/ I .,
L [U-: £ i Fay = =
-0.02
T LS BB e e e s S e e e o S e e e e e S e S B e e o e e e e T
3000 35.00 40.00 4500 50.00 55.00 6000 55.00 ¥0.00 75.00
min
Peak Results
Kams RT Area Hi-g'll =.\'qHEg"It % Area
1 44447 | 9245267 | 54951 E0.02 | 4992
2 £3.044 | 9277589 | 26511 3gez| s0.08
Auto-Scaled Chromatogram
i '4—_
.12
] [
010 =
<4 un 1
4 ) i
0.0E | |
= ] | i
2 008 f \
: ) Y
0.04 | \
4 | '-.
[.02 ,;E; | |
] - ! Y
000 _ o — A e —
-0.02]
T T T T T T T T T T T T T T T T T T T T T T T T T T T
20.00 35.00 4000 £5.00 50.00 55.00 6000 635.00 FO.00 75.00
min
Peak Results
Name RT ATEd Helgnt | % Helgnht [ % Area
1 44 53E 40857 3392 020 b5
2 £9.293 | 27196873 | 131035 Ioyo 9LES
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Chemical Formula: CocHa,FNOg
Exact Mass: 437.1639
Molecular Weight: 437 4602
Elemental Analysis: C, 68.64; H, 5.53; F, 4.34; N, 3.20; O, 1829
B
.
- o
o {4{-{
™ 'J-‘IL' ] o = o o
_IL_M___,_,.._INU{IJI| S T L. J\".\_Lll_,__fll\__.__,_m____JuJ lq\--c._n_h —
IIIII|IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII|IIII
20 83 o 7 0 . 60 5.3 50 43 40 33 3 25 0 L5 L0 03 [ -0
Chemical Formula: CzsHzaFHOs
Exact Mass: 437.1639
Molecular Weight: 427 4602
Elemental Analysis: C, 68.64; H, 5.53; F, 4.34; N, 3.20; 0, 18.2%
T T T T T T T T T T T T T T T T T T T T T T T
110 12 13 140 -150 -180
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C6-68rlpl

(18,68,E)-tert-butyl-1-fluoro-4-oxo-2-styryl-6-p-tolylcyclohex-2-enecarboxylate 5p

Auto-5caled Chromatogram

.35
] pid
I:I.S:—_ L) ey
] 3 2
1 | -
0.25] L T
0.204 [ [ 1
= ] ] | | \
= 015 [ |
1 ] i
| | |
0.10 i ! \
_ g B U
4 ok | I'. ]
0.05 T & | {
: ’_/\ A | oo
0.004— o e s - -
T T T TT— 7T T T T T T T T | T T T | T T T | T T T | T T T T
15.00 1E.00 20.00 22.00 24.00 26.00 26.00 30.00 32.00
min
Peak Results
Hams RT ATEE |'Eg'I|. % HEg'Il. % ATEE
1 18.362 | 1689136 | 43056 T.56 469
2 21.766 | 1696104 | 36436 £.42 471
3 24274 | 16046225 | 257072 4525 | a4.52
4 27.006 | 16611192 [ 231461 4074 | 46.09
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Auto-Scaled Chromatogram

0.70
0.50
0.5 -
] =1
] -
0.204 2]
2 ]
0.304 |'l
] |
] II
|:|.2:—: I |
] |
0.1 f
] |
0.004— 7 S —% ™
T LI L T 11 1T T LI L LI L
16.00 16.00 20.00 2200 24.00 3z.00 34.00
min
Peak Results
Name RT AT2a Helght | % Helght | % Area
1 24071 | 23055563 | 362285 3270 a8 E1
2 2710 24615 1093 D.ao D18
2 x 3
@
@
Chemical Formula: CagHz7F O
Exact Mass: 406.1944
Molecular Weight: 406.4892
- Elemental Analysis: C, 76.82; H, 6.689; F, 4.67; O, 11.81
2=
2 r'-|
o
4
(=] @ [=] [=] E
rh rT = I
[ ._HJ JMLL.U_J L| h F— Y N
rT IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIIII
75 i0 4 40 is 1) 13 0 15 10 0.3 0o -0.3
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0
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Chemical Formula: CagHa7F O3
Exact Mass: 4061944
Maolecular Weight: 406.4592
Elemental Analysis: C, 76.82; H, 6.69; F, 4.67; O, 11.81
1
T T T T T T T T T T | T T T T I T T T T I T T T T | T T T T | T T T T T T T T | T
23 -30 -7 -100 125 -150 175 200
.
C§-69R1P1 "i =

T T T T T
200 73 150
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(18,68, E)-tert-butyl-1-fluoro-6-(4-methoxyphenyl)-2-(4-methoxystyryl)-4-oxocyclohex-2-enecarboxy
late 59

Chromatogram (c6-47r2pl-rac. org)

190
180
170
160
150
140
130
120
= 110
100

@
[=]
24,453

20 22 24 26 28 30 32 34 36 38 40 42
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

24.453 34918527 2767952.500 498132
32.462 22067.969 2788707.000 50.1868
Total 76986.496 5556659.500 100.0000

[S I

Chromatogram (c6-47rlpl.org)

160
150
140
130
120
110

ge{mv)

\'.Ul
3

=]
|'21-.5~3.'-’

20 22 24 26 28 30 32 3 36 38 40 42
Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

67 497.339 20542404 0.3328
49842.074 6151939.000 99.6672

Total 50339.413 6172481 404 100.0000

Fa =
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D
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i Ln
]
-]
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§ 0 73 ] 6.3 60 i3 30 41 40 33 30 15 10 13 10 03 L]
Chemical Formula: Cz7HzaF O3
Exact Mass: 452.199%
Molecular Weight: 4532 5146
Elemental Analysis: C, 71.66; H, 6.48; F, 4.20; O, 17.68
"
T T T T T T T T T T T T T T T T T T T T T T T T T T T
-120 130 140 150 170

-110
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138293
138233

Chemical Formula: CazHzeFO5
Exact Mazs: 452.1955
Molecular Weight: 452.5148
Elemental Analysis: C, 71.66; H, 646 F, 4.20; O, 17.68

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
¢ 108

134 132 130 128 12 14 I 120 118 11

4 112

Lo |

=
=]
=

o ‘ _

T T T 1 L
23 00 175

(18,68,E)-tert-butyl-1-fluoro-2-(4-methoxystyryl)-6-(4-nitrophenyl)-4-oxocyclohex-2-enecarb oxylate 5r

100 Chromatogram (c6-48r2pl-rac. org)

90

80

70

60

50

40 2

0

30 & 2

20 &5

10

0
10 o
20 22 24 26 28 30 32 34 36 38 40 42 44
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 28.558 33152.914 1879507.625 49.7327
2 37.068 24799 498 1899712.625 50.2673
Total 37952412 3779220250 100.0000
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Chromatogram (c6—48ripl.org)

320
300
280
260

220
200

Z 180 o
3,160 e
=140
= 120
100
a0

60

40

20

0 o

=1

[
)

20 22 24 26 28 30 32 34 36
Time(min)

Results

Peak No. Peak ID Ret Time

Height

42

44

Conc.

28300
37.240

[

143837.859
143.746

99.9437
0.0563

Total

Chemical Fermula: CasHasFNOg
Exact Mass: 487.1744
Molecular Weight: 487 4881
Elemental Analysis: C, 88.80; H, 5.61; F, 4.08; N, 3.00; O, 20.53

k]
[E:]

143981.605

28

i

1316

B3

I

100.0000

=0.000
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HzeFNOg

Exact Mass: 467.1744
Molecular Weight: 487 4861
Elemental Analysis: C, 86.80; H, 5.61: F, 4.08; N, 3.00; O, 20.53

Chemical Formula: Cag

-160

= ]
=]
o8 90 L O e i ==
IR R i o6 o6
i i

{

/

Chemical Formula: CasHagFNOs
Exact Mass: 4671744
Maolecular Weight: 487 4851
Elemental Analysis: C, 66.80; H, 5.61; F, 4.06; M, 2.00; O, 20.53

.

LR LR R R LR ERRLN RERLN ERRLN RRLLY RRLRN
M 12 1M 1E 118 14 1]:| |

1317 13 1B 1%

]
-

I~
L2l
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(18,68,E)-tert-butyl-6-(4-bromophenyl)-2-(4-bromostyryl)-1-fluoro-4-oxocyclohex-2-enecarb oxylate 5s

Auto-Scaled Chromatogram

0.804
0.704 -
3 o
: -
7 -
IZI.':-.: T
0.507
E [
2 0.407 [ 1
] | <
0,303 I o
h | o
B 1 [3r]
0.204 [ ./I
- ] II
.10 [ /
gopf— 4 —'ﬂ— —-—-f/ _______‘ﬂ
e e L A e N e B B e L e LA
22.00 2400 2600 28500 3000 3200 3400 36.00 38.00 4000 4200 44.00
min
Peak Results
Kams RT ATEa |'Eg'||. o HEg'Il. % Area
1 27.181 | 32622523 | 533086 72.74 | 50.31
2 33.014 | 32224440 | 200186 27.26 AL gD
Auto-Scaled Chromatogram
0.40
0.309
1 w
=2
]
[5z)
1 [3r]
2 0.20 i
| '
4 ] ,
0.104 f ™,
- T
] ™ } - —
.00 AT — ——
A e e LA B L e B o SR
22.00 2400 2600 25.00 30.00 3200 3400 36.00 33.00 4000 4200 4400
min
Peak Results
Mams RT ATEd |'Eg'||. o HEg'Il. i Area
1 27 305 115593 | 225B 15 0.36
2 23.005 | 31713923 | 194932 3E.ES a0 Ed
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- Chemical Formula: Cg5H;-Br FO;
w Exact Mass: 547 9995
Molecular Weight: 550.2547
] Elemental &Analysis: C, 34.57; H, 4.21; Br, 28.04; F, 3.45; 0, 8.72
b
-
@ o @ =] =
[ o] —— 4
- J m-‘u li | I A Lk
IIIIII|IIII|IIII|IIII|IIIIIIIIIIIIIIII|IIII|IIIIIIII|IIIIIIII|IIII|IIII|IIII|II

0 73 0 £3 60 33 1] 43 a0 3 25 1 %] 00

/

!

Chemical Formula: CoeHo:BroF Oy
Exact Mase: 5479993
Maolecular Weight: 550.2547
Elemental Analysis: C, 54.57; H, 4.21; Br, 20.04; F, 3.45; 0, 8.72
I )
T T T T T T T T T T T | T T T T I T T T T T T T I T I T T I T T T T I T

25 -5 75 123 -130 5 300
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K] 131

T
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| Chemical Formula: CagHozBroF O3
Exact Mass: 547.0003
Malecular Weight: 5502547
| Elemental Analysis: C, 54.57: H. 4.21: Br, 20.04: F, 3.45: 0. 8.72
123 124 13 m
| ' ‘ ‘ J.ll I -
T T T T T T T T T T T T T T T T T T T T T T T T
I I I I
173 150 123 L 73 b 13

(18,6R,E)-tert-butyl 6-butyl-1-fluoro-4-oxo-2-styrylcyclohex-2-enecarboxylate 5t

AU

Auto-Scaled Chromatogram

(=]
=
(=]

[=]
[}
1

(=]
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0.a0

(=] [=] (=]
e (] Ll
(=] [=] (=]

(=]
(=)
1

T=—12.143

m
=
=

min
Peak Results

Nama RT Area Helght | % Helght | % Area
1 9947 | 7EE2R45 | 263235 S6.0 S0.28
2 12.143 | 7805233 | 2853048 4388 49.75
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Auto-Scaled Chromatogram

0.707
0.50
] )
- g
0.504
] o
0.40 |4'
= ] | II
=< . | 1
0.30 | \
1 |
] [ 1
0.204 | \
] | I'
: e}
0.11+ |
] g |
0.00] - T r ',—"l —=
IIIIIIIIIIIIIIIIIIII|IIII|I.III|IIII|IIII_|IIII|IIII
5.00 B I:IZI '-'I:IZI BEII] ‘BIIJEI 10.00 11.00 12.00 13.00 14.00 15.00 16.00
min
Peak Results
Hame RT ATEE Helgnt | % Helgnt | % Area
1 9.935 TTZ66 4630 o9 b.E6
2 12.083 [ 11571997 | 416944 36.21 95.34
1 o0 r(l (=1 "'_" o ey ;j
== A = 3 BB <
L=I =] =] [l o — — '
III
]
)
|
]
]
8]
L e,
F COstBu
Chemical Formula: Ca3HgF O3
Exact Mass: 372.2101
Meglecular Weight: 372.4732
Elemental Analysis: C, 74.17; H, 7.88; F, 5.10: O, 12.82
o
=
-+
. L
E ©
~rh
(3]
- o ™ i
™ - h - ‘ |
.
| T L |
W PR AL
IIIIIIIIIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIIIIIIII|IIII|IIII|IIIIIII
B0 3 70 63 50 13 0 3.3 30 23 10 13 10 s 0.0
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“Co.tBu

Chemical Fermula: Ca3HasF O3
Exact Mass: 372.2101
Molecular Weight: 372 473

Elemental Analysis: C, 74.17; H, 7.85; F, 5.10; 0, 12.88

| |
T T 1 LN B B B B T T T 1 T T T T 1 T I T
-100 -110 -120 -130 =140 -150 -160 <170

% = oD

= -

e e
]
/
!
|II
i

| |- i
RSN L LN L LY LN LS LY L AL |
LD R L RN R R R | o P
13 1334 1 130 1B I¥ 1M 12 120 IE 1§ -G H % P
F* “co,tBu
Chemical Formula: CzzHaeFO5
Exact Mass: 01
Maolecular Weight: 372.47
Elemental Analysis: C, 74.17; H, 7.85; F, 5.10; O, 12.80 |
L J
L R B A R A LR L R
50 40 30 u 0 | l
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(18,6R)-tert-butyl 1-fluoro-2-methyl-4-oxo-6-propylcyclohex-2-enecarboxylate 5u

Chromatosram (C6-46RZP1-odh. org)

200
180
160
140
120
E 100
Zw :
= a0 o
40 /
20 /
o/
3 9 10
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 7913 70531.193 925343.625 49.6369
2 §.558 63616.484 938881.750 50.3631
Total 134147.680 18642235.375 100.0000
1,200 Chromatogram (C6—46R1P1-odh. org)
1,100
1,000
900
800 -
700 i:
600
500
400 ;'f
300 .-'fl \
200 /
100 3 /
G L/
8 9 10
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Cone.
1 8.032 8496.436 85210.648 0.7923
2 8732 643547.563 10670180000 99.2077
Total 652043.998 10755390.648 100.0000
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T 406
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Chemical Formula CistaFOs
Exact Mags: 270,151
Molecular Wieight: 270,339

Elemental Analyzis: C, 56.84. H, 8.56;

{

146

L |
L B B B B T L B L B B
&0 5 2 &5 60 55 L] 45 40 is e 5 0 15 e s a0
/
el
F* “Cog-Bu
Chemical Fommula: Ly FOy
Exact Mass: 270.1531
Molecuar Weignt 3337
Elemental Anayels: C, 56 64 H, £.55; F, 7.03; 0, 17.75
o
P
L L B B B I B L L L L L B
-l48 150 -152 154 156 158 -160 -162 -i6d -6 -k -1 -in -1 176

] Bt
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£ “Cot-Bu

Chemical Formula: CycH,oFO;
Molecular Weight: 270.3397

(18,68)-tert-butyl 1-fluoro-4-oxo-2,6-diphenylcyclohex-2-enecarboxylate 5v

Chromatogram (c9-2521-2. org)

b

e (mv)
T )
[ = B = T N RS- R B — T B =
== ===

o
5]
i

fﬁs 158

P
S

Peak No. Peak ID

20 22 24 26
Time{min)

Results
Ret Time Height

28

30 32

Area

3

Conc.

1

~

18.358 74972.750
28.158 45532332

2790486.500
2781740.500

50.0785
499215

Total

S82

5572227.000

100.0000



Chromatogram (c9-2311-2. org)

450
400
350 w
300 g
z 250
;: 200
150
100
50 ?:]
0 &
16 18 20 22 24 26 28 30 32 34
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 18315 289762.969 11779767.000 98.4944
2 28.778 3679.692 180062.469 1.5056
Total 293442660 11959829 469 100.0000
8% E g i o8
Elemental Analysis: C, F5.3'_.-Ii 8.33;F, 5.18: 0, 13.10
EEH
7a ]
==
24
"|I s 0] (e [ ‘
|.-'.ﬂ i !_!J TI— 1 . A
A I‘.I Iu H o _.-'Ik m_g-'l' LW
L e e
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< "Ph

F* "cog-Bu

Chemical Formula: Ca:HasFO,
Exact Mass: 2881631

Melecular Wei

T T T L— T T T T T T | — T T T L T T T T T
it am am 4 a8
amiE B 38 sz o O

;— b P i o
/ | [
| I I|'
| | | Chemical Formula: Cz:H
i i| LN II | Exact Mass: 36618
il |J il Ju W Exact Mass: 366.18
SN N SN B AN k—-.___,u Molzcular Weig
[ T - ! .
T I I T I T T T Elzmental Analysis: C, 75.3 20, 13.10
I e ms ms

B4 DOI BOD ISR IB6 B4 B IBa NS DM me4 an
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(1R,28,68,E)-tert-butyl-2-(4-bromostyryl)-1-fluoro-2-hydroxy-4-oxo-6-phenylcyclohexanecar boxylate 6a

Auto-Scaled Chromatogram

0.E0
.70
] =1
D EIZI-: ] -
0.50 = -
] A :
@ 0.40] [ i
] [ [
] [ 1 [
D.20+ [ l |
] \ \
] [
D.20+ | | |
] | | !
] |
o.1o [ |
] | '\ \
p.ood—— - — Yy )
LIS L e I B L e
3.00 2.00 10.00 1100 12.00 1300 1400 1500 1§00 17.00 100 19.00 20-00
min
Peak Results
Hame RT ATea Helght | % Helght | % Area
1 12.560 | 14374232 | 4650632 3377 4885
2 14777 | 14400241 | 398536 4623 50.05
Auto-Scaled Chromatogram
1204
1,004
] #
|
1 |
0.E0 o
] |
4 | |
g D60 [
[ 1
] | |
D40+ |I
] | |
| 1
i i o
020 [ | o
] | -
| ko
o.oo4— — . _I_,-'l _&_ . J;-.-_
|||||||||||||||||||.||||||||||||_||||||||||||||||||||||||||
3.00 3.00 10.00 11.00 12.00 13.00 1£.00 1500 1 17.00 13.00 19.00
min
Feak Results
Wame | RT ATEd Helght [ % Helgnt | % Area
1 12.510 | 28118017 | 955436 36.69 9E.ES
2 14.78% 913446 | 30970 3.1 3.15
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Chemical Formula: CzgHzgBrFO4
Exact Mass: 4380959
Molecular Weight: 4553739
Elemental Analysis: C, 61.36; H, 5.36; Br, 16.33; F, 3.88; O, 12.08
& 2 &
- — oo
| ™
| | |
|ﬂ||'l.'1 | | |r| | | | |||
S L—ﬁ'ﬂ_}m&_ - A .._..___a\‘mk__nn"' - __ﬂ_,.___,pl\-__f R S
IIIIII|IIII|IIII|IIII|IIIIIIIIIIIII|IIII|IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIII
&0 7.3 70 63 60 33 30 45 40 33 30 23 0 13 10 0.3 oo 43
L= =]
=l
- o
o
fi
o

@ £ cozg?@\
Br

Chemical Formula: CzeH BrF O,
Exact Mass: 485.099%
Melecular Weight: 485.3739
Elemental Analysis: C, 61.36; H, 5.36; Br, 16.33; F, 32.88; O, 12.08
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16t
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ns ) " m = 1ee ™ n = 3 as

(IR,2S,6S,E)-tert-butyl-2-(4-bromostyryl)-6-(2-chlorophenyl)-1-fluoro-2-hydroxy-4-oxocyclohexane
carboxylate 6m

Chromatogram (c—3922-2.crg)

280
260
240
220
200 -
180 g @
__160 g o
E 140 /
— 120
= 100
80
60
40
20
0
-20
12 13 14 15 16 17 18 19 20
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
1 15.490 151641453 3063791.250 497771
2 16.223 138723.703 3091226.250 50.2229
Total 290365.156 6155017.500 100.0000
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Chromatogram (c—5912-2. org)

500
550
500
450
400
— 350
E 200 o
= 250 R
200
150
100 9
50 o
0
12 13 14 15 16 17 18 19 20
Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.

1 15.572 234457.891 4521808.000 97.0977
2 16.353 7602.207 135159.297 2.9023
Total 242060.097 4656967.297 100.0000
el = W W o4 o W

& = oo Oh OhoTT = O =
— o P~ W = e = b -
-~ - (= = e ] \I'J _"': = = "y
I| .'l / .'I
| [
| ,-'I / ."l
{ ,"I,."" |
RS fj\f' .»f/"“'
F COQ!—B
/
“Br
Chemical Formula: CasHzsBrCIFOy
Exact Mass: 522.0605
Molecular Weight: 5223.51%9
Elemental Analysis: C, 57.32; H, 4.81; Br, 15.25; Cl, 6.77; F, 3.63; 0_12.22 o
8.1 h
.

22

10 10 1.0 1.01.0
r"| A r'I‘l |
s J1 j ',J"n J.q I |
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Br

Chemical Formula: CysH,BrCIFO,
Exact Mass: 522.06
Molecular Weight: 523 819

Elemental Analysis: C, 57.32; H, 4.81; Br, 15.25; CI, .77, F, 3.63, O, 12.22
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Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

X-Ray Crystal structure for 5a and 6a

(18,68, E)-tert-butyl-2-(4-bromostyryl)-1-fluoro-4-oxo-6-phenylcyclohex-2-enecarboxylate 5a

Crystal data and structure refinement for 5a.

cd29195
C25 H24 Br F O3
471.35
293(2) K
0.71073 A
Orthorhombic, P2(1)2(1)2(1)
a=6.0261(7) A  alpha =90 deg.

b=19.3682)A  beta =90 deg.

590



Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 26.00
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

¢c=20.028(2) A gamma =90 deg.
2337.5(5) A3
4, 1.339 Mg/m"3
1.788 mm~*-1
968
0.367 x 0.192 x 0.180 mm
2.03 to 26.00 deg.
-7<=h<=7, -23<=k<=20, -23<=1<=24
12888 /4601 [R(int) = 0.0760]
99.9 %
Empirical
1.00000 and 0.78447
Full-matrix least-squares on F"2
4601/0/274
0.832
R1=0.0443, wR2 = 0.0904
R1=0.0749, wR2 = 0.0963
0.018(10)
0.358 and -0.398 e.A"-3
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(1R,28,68,E)-tert-butyl-2-(4-bromostyryl)-1-fluoro-2-hydroxy-4-oxo-6-phenylcyclohexanecar boxylate 6a

o1
02
HOA
e c10
70 ) C6 = P
c3( R I (X4 B (‘\>/2' =
i d T cs e
c20 2 R 03 |
‘“\'\Z ./ZE\ c1s 0, o “\\“ @)
c19 N c21 “; c12 ﬁfg)
D) % c13 < Br
%J C16 o4 ’\‘ é Cc23
i
c1 \\‘g}}?% % oo
~rct7 &)
c25 &/ coa
Crystal data and structure refinement for 6a
Identification code cd2988
Empirical formula C25 H26 Br F O4
Formula weight 489.37
Temperature 2932) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P2(1)

Unit cell dimensions

Volume

a=8.7647(15) A  alpha =90 deg.

b=7.3008(13) A beta = 90.673(3) deg.
c=18.426(3) A gamma =90 deg.
1179.0(4) A"3
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Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.48
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [I>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

2, 1.378 Mg/m"3
1.779 mm*-1
504
0.386 x 0.364 x 0.055 mm
2.21 to 25.48 deg.
-10<=h<=8, -8<=k<=8, -22<=I<=21
6219 /3787 [R(int) = 0.0724]
99.5 %
Empirical
1.0000 and 0.6534
Full-matrix least-squares on F"2
3787 /1/284
0.958
R1=0.0610, wR2 =0.1590
R1=0.0915, wR2 =0.1823
0.018(17)
0.483 and -0.429 e.A"-3

S93



