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1. Synthesis of Substrates

The following alkenes were commercially available and directly used without 

further purification.

1-octene (A-1d), 5-bromo-1-penten (A-1e), allyl benzoate (A-1g).

The following alkenes were prepared according to literature methods. The 

references are given below.

entry reference alkene

1 Whittaker, A. M; Lalic, G. Org. Lett. 2013, 15, 1112. A-1a

2
Wang, L.; Prabhudas, B.; Clive, D. L. J. J. Am. Chem. 

Soc. 2009, 131, 6003.
A-1b

3
Shigehisa, H.; Aoki, T.; Yamaguchi, S.; Shimizu, N.; 

Hiroya, K. J. Am. Chem. Soc. 2013, 135, 10306.
A-1c

4
Sylvester, K. T.; Chirik, P. J. J. Am. Chem. Soc. 2009, 

131, 8772.
A-1f

5
Hong, S.; Tian, S.; Metz, M. V.; Marks, T. J. J. Am. 

Chem. Soc. 2003, 125, 14768.
A-1h

6

Zhang, C.; Li, Z.; Zhu, L.; Yu L.; Wang, Z.; Li, C. J. Am. 

Chem. Soc. 2013, 135, 14082.

A-1i, A-1k, 

A-1l, A-1o, 

A-3

7
Zhu, L.; Chen, H.; Wang, Z.; Li, C. Org. Chem. Front., 

2014, 1, 1299. 
A-1j ,A-1p

8
Li, Z.; Zhang, C.; Zhu, L.; Liu, C.; Org. Chem. Front., 

2014, 1, 100.   
A-1m ,A-1n
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2. Characterizations of Products
F

O

OH

NPhth

7-(1,3-Dioxoisoindolin-2-yl)-4-fluoroheptanoic acid (2a). White solid. Mp: 86-88 

oC. 1H NMR (400 MHz, CDCl3): δ 7.83-7.85 (m, 2H), 7.70-7.72 (m, 2H), 4.48-4.64 

(m, 1H), 3.69-376 (m, 2H), 2.46-2.57 (m, 2H), 1.55-1.96 (m, 6H); 13C NMR (100 

MHz, CDCl3): δ 178.6, 168.4, 133.9, 132.0, 123.2, 92.4 (d, J = 169.0 Hz), 37.5, 32.2 

(d, J = 20.6 Hz), 29.9 (d, J = 21.0 Hz), 29.5 (d, J = 4.3 Hz), 24.3 (d, J = 3.9 Hz); 19F 

NMR (282 MHz, CDCl3): δ -183.8 (m, 1F); IR (KBr): ν (cm-1) 2942, 1772, 1719, 

1713, 1707, 1440, 1400, 1367, 1051, 721; ESI-MS: (m/z) 316.1 (M+Na); HRMS 

calcd for C15H16FNNaO4 (M+Na): 316.0956, found 316.0966. 

F
O

OH
OTs

4-Fluoro-6-(tosyloxy)hexanoic acid (2b). White solid. Mp: 68-70 °C; 1H NMR (400 

MHz, CDCl3): 7.79 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 4.51-4.73 (m, 1H), 

4.16 (t, J = 6.4 Hz, 2H), 2.41-2.58 (m, 5H), 1.80-2.06 (m, 4H); 13C NMR (100 MHz, 

CDCl3): δ 178.9, 145.0, 132.6, 129.9, 127.9, 89.0 (d, J = 169.3 Hz), 66.2 (d, J = 4.6 

Hz), 34.5 (d, J = 20.5 Hz), 29.8 (d, J = 21.3 Hz), 29.4 (d, J = 3.8 Hz), 21.6; 19F NMR 

(282 MHz, CDCl3): δ -183.7 (m, 1F); IR (KBr): ν (cm-1) 2938, 1709, 1596, 1358, 

1189, 1175, 1097, 963, 911, 816, 665, 554; ESI-MS: (m/z) 326.9 (M++Na); HRMS 

calcd for C13H18FO5S (M+H): 305.0853, found 305.0851.

F
O

OH
OTs

4-Fluoro-8-(tosyloxy)octanoic acid (2c). White solid. Mp: 72-74 °C; 1H NMR (400 

MHz, CDCl3): 7.79 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.36-4.59 (m, 1H), 

4.03 (t, J = 6.8 Hz, 2H), 2.42-2.61 (m, 5H), 1.80-1.99 (m, 2H), 1.35-1.76 (m, 6H); 13C 

NMR (100 MHz, CDCl3): δ 179.1, 144.8, 132.9, 129.9, 127.8, 92.7 (d, J = 167.8 Hz), 

70.2, 34.2 (d, J = 20.5 Hz), 29.9 (d, J = 20.5 Hz), 29.6 (d, J = 4.6 Hz), 28.5, 21.6, 21.0 
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(d, J = 5.4 Hz); 19F NMR (282 MHz, CDCl3): δ -184.1 (m, 1F); IR (KBr): ν (cm-1) 

3056, 2953, 1712, 1598, 1358, 1189, 1174, 1097, 934, 816, 664, 576, 555; ESI-MS: 

(m/z) 355.1 (M++Na); HRMS calcd for C15H21FNaO5S (M+Na): 355.0986, found 

355.0984.

F
O

OH
( )5

4-Fluorodecanoic acid (2d). Colorless oil; 1H NMR (400 MHz, CDCl3): 4.41-4.65 

(m, 1H), 2.44-2.64 (m, 2H), 1.82-2.03 (m, 2H), 1.20-1.74 (m, 10H), 0.82-0.97 (m, 

3H); 13C NMR (100 MHz, CDCl3): δ 179.6, 93.2 (d, J = 167.8 Hz), 35.0 (d, J = 19.8 

Hz), 31.7, 30.0 (d, J = 21.2 Hz), 29.7 (d, J = 4.6 Hz), 29.0, 24.9 (d, J = 4.5 Hz), 22.5, 

14.0; 19F NMR (282 MHz, CDCl3): δ -183.4 (m, 1F); IR (neat): ν (cm-1) 2933, 2860, 

1713, 1417, 1284, 1216, 1035, 923; EIMS: m/z (rel intensity) 170 (M+-HF, 1), 152 

(12), 123 (23), 111 (63), 100 (36), 84 (39), 81 (48), 69 (100), 60 (70), 55 (87), 41 (67); 

HRMS calcd for C10H18O2 (M-HF): 170.1307, found 170.1304.

F
O

OH

Br

7-Bromo-4-fluoroheptanoic acid (2e). Light yellow oil; 1H NMR (400 MHz, CDCl3): 

4.45-4.72 (m, 1H), 3.38-3.59 (m, 2H), 2.45-2.70 (m, 2H), 1.68-2.16 (m, 6H); 13C 

NMR (100 MHz, CDCl3): δ 179.2, 92.3 (d, J = 168.6 Hz), 33.6 (d, J = 20.5 Hz), 33.3, 

30.0 (d, J = 21.3 Hz), 29.6 (d, J = 3.8 Hz), 28.3 (d, J = 3.8 Hz); 19F NMR (282 MHz, 

CDCl3): δ -184.3 (m, 1F); IR (neat): ν (cm-1) 2935, 1712, 1441, 1255, 1070, 916, 874, 

649, 561; EIMS: m/z (rel intensity) 226 (M+, 1), 169 (52), 127 (55), 109 (32), 100 (18), 

85 (48), 81 (66), 73 (29), 67 (28), 60 (100), 41 (35); HRMS calcd for C7H12BrFO2 

(M): 226.0005, found 226.0008.

F
O

OH
COOEt

COOEt

7-Ethoxy-6-(ethoxycarbonyl)-4-fluoro-7-oxoheptanoic acid (2f). Colorless oil; 1H 

NMR (400 MHz, CDCl3): 4.48-4.75 (m, 1H), 4.14-4.34 (m, 4H), 3.60 (t, J = 6.8 Hz, 



S5

1H), 2.45-2.63 (m, 2H), 2.13-2.32 (m, 2H), 1.85-2.05 (m, 2H), 1.22-1.33 (m, 6H); 13C 

NMR (100 MHz, CDCl3): δ 178.5, 169.1, 168.9, 90.9 (d, J = 169.3 Hz), 61.7, 48.2 (d, 

J = 3.0 Hz), 34.1 (d, J = 20.5 Hz), 30.0 (d, J = 20.5 Hz), 29.4 (d, J = 3.8 Hz), 14.0; 19F 

NMR (282 MHz, CDCl3): δ -186.2 (m, 1F); IR (neat): ν (cm-1) 2984, 2940, 1732, 

1446, 1371, 1243, 1096, 1052, 916, 863; ESI-MS: (m/z) 301.1 (M++Na); HRMS calcd 

for C12H19FNaO6 (M+Na): 301.1058, found 301.1047.

O
F

O

OH O

Ph

5-(Benzoyloxy)-4-fluoropentanoic acid (2g). White solid. Mp: 56-57 °C; 1H NMR 

(400 MHz, CDCl3): 8.07 (d, J = 7.2 Hz, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 

Hz, 2H), 4.79-5.03 (m, 1H), 4.35-4.60 (m, 2H), 2.53-2.71 (m, 2H), 1.93-2.20 (m, 2H); 

13C NMR (100 MHz, CDCl3): δ 178.6, 166.3, 133.3, 129.7, 129.5, 128.4, 90.1 (d, J = 

172.4 Hz), 65.8 (d, J = 22.1 Hz), 29.2 (d, J = 3.8 Hz), 26.4 (d, J = 21.2 Hz); 19F NMR 

(282 MHz, CDCl3): δ -190.4 (m, 1F); IR (KBr): ν (cm-1) 3065, 2956, 1719, 1602, 

1584, 1452, 1274, 1178, 1113, 1071, 1027, 900, 712; ESI-MS: (m/z) 263.1 (M++Na); 

HRMS calcd for C12H13FNaO4 (M+Na): 263.0690, found 263.0688.

F
O

OH

CN

Ph
Ph

6-Cyano-4-fluoro-6,6-diphenylhexanoic acid (2h). White solid. Mp: 135-138 °C; 1H 

NMR (400 MHz, CDCl3): 7.28-7.47 (m, 10H), 4.47-4.76 (m, 1H), 2.92 (td, J = 15.2, 

8.0 Hz, 1H), 2.38-2.66 (m, 3H), 1.82-2.12 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 

178.4, 139.8, 139.2, 129.1, 128.9, 128.24, 128.17, 126.9, 121.8, 89.7 (d, J = 171.6 Hz), 

49.0, 44.6 (d, J = 20.5 Hz), 30.6 (d, J = 20.5 Hz), 29.3 (d, J = 4.6 Hz); 19F NMR (282 

MHz, CDCl3): δ -181.5 (m, 1F); IR (KBr): ν (cm-1) 3061, 2928, 2240, 1711, 1593, 

1494, 1449, 1279, 1071, 1031, 930, 755, 699; ESI-MS: (m/z) 334.1 (M++Na); HRMS 

calcd for C19H18FNNaO2 (M+Na): 334.1214, found 334.1215.



S6

F
O

OH

O

O

CN

7-((4-Cyanobenzoyl)oxy)-4-fluoroheptanoic acid (2i). White solid. Mp: 100-102 °C; 

1H NMR (400 MHz, CDCl3): 8.14 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H), 4.51-

4.75 (m, 1H), 4.33-4.48 (m, 2H), 2.47-2.67 (m, 2H), 1.65-2.07 (m, 6H); 13C NMR 

(100 MHz, CDCl3): δ 179.2, 164.9, 134.0, 132.2, 130.1, 117.9, 116.4, 92.5 (d, J = 

168.5 Hz), 65.3, 31.7 (d, J = 21.3 Hz), 30.0 (d, J = 20.5 Hz), 29.6 (d, J = 3.8 Hz), 24.4 

(d, J = 3.8 Hz); 19F NMR (282 MHz, CDCl3): δ -180.7 (m, 1F); IR (KBr): ν (cm-1) 

2945, 2230, 1702, 1277, 1103, 962, 864, 766, 691, 549; ESI-MS: (m/z) 316.0 

(M++Na); HRMS calcd for C15H16FNNaO4 (M+Na): 316.0956, found 316.0950.

F
O

OH

COOMe

4-Fluoro-5-(1-(methoxycarbonyl)cyclohexyl)-4-methylpentanoic acid (2j). 

Colorless oil; 1H NMR (400 MHz, CDCl3): 3.68 (s, 3H), 2.46 (t, J = 7.6 Hz, 2H), 

1.75-2.18 (m, 6H), 1.23-1.62 (m, 11H); 13C NMR (100 MHz, CDCl3): δ 179.4, 177.5, 

96.1 (d, J = 170.8 Hz), 51.7, 48.6 (d, J = 19.7 Hz), 45.1, 35.9 (d, J = 3.1 Hz), 35.8 (d, 

J = 23.5 Hz), 34.9, 28.4 (d, J = 5.3 Hz), 25.7, 24.1 (d, J = 24.3 Hz), 22.7, 22.6; 19F 

NMR (282 MHz, CDCl3): δ -146.0 (m, 1F); IR (neat): ν (cm-1) 2940, 2856, 1727, 

1716, 1453, 1214, 1160, 1134, 1110, 1004, 919, 894, 851, 828; ESI-MS: (m/z) 297.2 

(M++Na); HRMS calcd for C14H23FNaO4 (M+Na): 294.1473, found 297.1469.

F
O

OH

Cl

Cl

7-Chloro-4-(3-chloropropyl)-4-fluoroheptanoic acid (2k). Colorless oil; 1H NMR 

(400 MHz, CDCl3): 3.57 (t, J = 6.0 Hz, 4H), 2.48 (t, J = 7.6 Hz, 2H), 1.99 (dt, J = 

19.6, 8.0 Hz, 2H), 1.68-1.93 (m, 8H); 13C NMR (100 MHz, CDCl3): δ 179.2, 97.1 (d, 

J = 172.4 Hz), 44.9, 34.0 (d, J = 22.7 Hz), 31.6 (d, J = 23.5 Hz), 28.1 (d, J = 5.3 Hz), 

26.5 (d, J = 6.0 Hz); 19F NMR (282 MHz, CDCl3): δ -153.8 (m, 1F); IR (neat): ν (cm-1) 
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2961, 1713, 1446, 1418, 1314, 1232, 1086, 925, 867, 720, 653; ESI-MS: (m/z) 281.1 

(M++Na); HRMS calcd for C10H17Cl2FNaO2 (M+Na): 281.0482, found 281.0473.

O

F
O

OH

O

CN

6-((4-Cyanobenzoyl)oxy)-4-fluoro-4-methylhexanoic acid  (2l). White solid. Mp: 

102-103 °C; 1H NMR (400 MHz, CDCl3): 8.14 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 

Hz, 2H), 4.53 (t, J = 6.8 Hz, 2H), 2.54 (t, J = 7.6 Hz, 2H), 1.94-2.28 (m, 4H), 1.44 (d, 

J = 21.6 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 179.2, 164.8, 133.8, 132.3, 130.1, 

117.9, 116.4, 94.9 (d, J = 170.0 Hz), 61.3 (d, J = 6.1 Hz), 38.1 (d, J = 23.5 Hz), 34.5 

(d, J = 22.8 Hz), 28.4 (d, J = 5.3 Hz), 24.0 (d, J = 24.3 Hz); 19F NMR (282 MHz, 

CDCl3): δ -148.8 (m, 1F); IR (KBr): ν (cm-1) 3101, 2982, 2232, 1731, 1610, 1407, 

1387, 1279, 1178, 1108, 1019, 863, 768, 692, 547; ESI-MS: (m/z) 316.1 (M++Na); 

HRMS calcd for C15H16FNNaO4 (M+Na): 316.0956, found 316.0952.

O

F
O

OH

O

Ph

6-(([1,1'-Biphenyl]-4-carbonyl)oxy)-4-fluoro-4-methylhexanoic acid (2m). White 

solid. Mp: 101-102 °C; 1H NMR (400 MHz, CDCl3): 8.09 (d, J = 8.4 Hz, 2H), 7.61-

7.66 (m, 4H), 7.46 (t, J = 7.2 Hz, 2H), 7.39 (t, J = 7.2 Hz, 1H), 4.49 (t, J = 6.8 Hz, 

2H), 2.53 (t, J = 8.0 Hz, 2H), 1.94-2.25 (m, 4H), 1.43 (d, J = 21.6 Hz, 3H); 13C NMR 

(100 MHz, CDCl3): δ 179.1, 166.4, 145.8, 139.9, 130.1, 128.9, 128.7, 128.2, 127.3, 

127.1, 95.0 (d, J = 169.3 Hz), 60.5 (d, J = 6.9 Hz), 38.2 (d, J = 22.8 Hz), 34.5 (d, J = 

22.7 Hz), 28.4 (d, J = 4.6 Hz), 24.1 (d, J = 24.3 Hz); 19F NMR (282 MHz, CDCl3): δ -

147.6 (m, 1F); IR (KBr): ν (cm-1) 3060, 3032, 2981, 2934, 1713, 1609, 1406, 1278, 

1113, 859, 748, 699; ESI-MS: (m/z) 367.1 (M++Na); HRMS calcd for C20H21FNaO4 

(M+Na): 367.1316, found 367.1308.
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O

F
O

OH

O COOMe

4-Fluoro-6-((2-(methoxycarbonyl)benzoyl)oxy)-4-methylhexanoic acid (2n). 

Colorless oil; 1H NMR (400 MHz, CDCl3): 7.69-7.74 (m, 2H), 7.50-7.56 (m, 2H), 

4.47 (t, J = 6.8 Hz, 2H), 3.91 (s, 3H), 2.51 (t, J = 8.0 Hz, 2H), 1.90-2.23 (m, 4H), 1.40 

(d, J = 22.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 179.0, 167.9, 167.6, 132.0, 

131.7, 131.2, 131.1, 129.0, 128.7, 94.9 (d, J = 170.1 Hz), 61.2 (d, J = 6.8 Hz), 52.7, 

37.9 (d, J = 22.8 Hz), 34.5 (d, J = 22.7 Hz), 28.3 (d, J = 5.3 Hz), 24.0 (d, J = 24.3 Hz); 

19F NMR (282 MHz, CDCl3): δ -148.2 (m, 1F); IR (neat): ν (cm-1) 3078, 2955, 1732, 

1600, 1580, 1489, 1435, 1386, 1293, 1130, 1077, 959, 886, 745, 705; ESI-MS: (m/z) 

349.1 (M++Na); HRMS calcd for C16H19FNaO6 (M+Na): 349.1058, found 349.1063.

O

F
O

OH

O

O

4-Fluoro-4-methyl-6-((4-oxo-4-phenylbutanoyl)oxy)hexanoic acid (2o). Colorless 

oil; 1H NMR (400 MHz, CDCl3): 7.98 (d, J = 7.2 Hz, 2H), 7.57 (t, J = 7.6 Hz, 1H), 

7.47 (t, J = 7.2 Hz, 2H), 4.26 (t, J = 6.8 Hz, 2H), 3.32 (t, J = 6.8 Hz, 2H), 2.76 (t, J = 

6.8 Hz, 2H), 2.49 (t, J = 7.6 Hz, 2H), 1.88-2.14 (m, 4H), 1.36 (d, J = 21.6 Hz, 3H); 

13C NMR (100 MHz, CDCl3): δ 198.1, 179.0, 172.9, 136.4, 133.3, 128.6, 128.0, 95.0 

(d, J = 168.5 Hz), 60.2 (d, J = 6.8 Hz), 38.0 (d, J = 23.6 Hz), 34.4 (d, J = 22.8 Hz), 

33.3, 28.4 (d, J = 5.3 Hz), 28.2, 24.0 (d, J = 24.3 Hz); 19F NMR (282 MHz, CDCl3): δ 

-147.9 (m, 1F); IR (neat): ν (cm-1) 3061, 2981, 2928, 1733, 1709, 1689, 1597, 1449, 

1417, 1359, 1218, 1165, 750, 691; ESI-MS: (m/z) 347.2 (M++Na); HRMS calcd for 

C17H21FNaO5 (M+Na): 347.1265, found 347.1274.

F
O

OH COOEt

4-(1-(Ethoxycarbonyl)cyclopentyl)-4-fluoropentanoic acid (2p). Colorless oil; 1H 

NMR (400 MHz, CDCl3): 4.15 (q, J = 7.2 Hz, 2H), 2.42-2.57 (m, 2H), 2.17-2.34 (m, 
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3H), 1.77-2.04 (m, 3H), 1.50-1.73 (m, 4H), 1.38 (d, J = 22.4 Hz, 3H), 1.26 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 179.7, 174.9 (d, J = 10.6 Hz), 97.0 (d, J = 

179.9 Hz), 63.4 (d, J = 22.8 Hz), 61.0, 31.8 (d, J = 22.8 Hz), 31.4 (d, J = 3.0 Hz), 30.7 

(d, J = 3.8 Hz), 28.6 (d, J = 5.4 Hz), 24.8, 24.6, 21.1 (d, J = 25.1 Hz), 14.0; 19F NMR 

(282 MHz, CDCl3): δ -153.8 (m, 1F); IR (neat): ν (cm-1) 2960, 2876, 1716, 1448, 

1418, 1386, 1242, 1180, 1026, 934, 867; ESI-MS: (m/z) 283.1 (M++Na); HRMS calcd 

for C13H21FNaO4 (M+Na): 283.1316, found 283.1315.

CO2MeMeO2C

F
HO

O

3-(2-(Fluoromethyl)-4,4-bis(methoxycarbonyl)cyclopentyl)propanoic acid (4). 

This compound was isolated as the mixture of two stereoisomers in 83:17 ratio 

determined by 19F NMR. Colorless oil; 1H NMR (400 MHz, CDCl3): δ 4.29-4.54 (m, 

2H), 3.68-3.78 (m, 6H), 2.30-2.62 (m, 5H), 2.07-2.22 (m, 2H), 1.94-2.03 (m, 1H), 

1.80-1.91 (m, 1H), 1.51-1.69 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 178.7/178.6, 

172.8/172.6, 172.6/172.5, 84.7 (d, J = 168.5 Hz)/83.6 (d, J = 167.8 Hz), 58.7/58.6, 

52.9, 45.4 (d, J = 18.4 Hz)/41.4 (d, J = 17.7 Hz), 40.4 (d, J = 3.1 Hz), 40.0/39.1, 36.4 

(d, J = 6.2 Hz)/35.6 (d, J = 7.7 Hz), 32.8/32.5, 28.9/24.7; 19F NMR (282 MHz, 

CDCl3): δ -220.6/-222.2 (2m, 1F); IR (neat): ν (cm-1) 2957, 1733, 1436, 1263, 1201, 

1170, 999, 857; ESI-MS: (m/z) 291.1 (M++H); HRMS calcd for C13H20FO6 (M+H): 

291.1238, found 291.1237. 

O

O

F

5-Fluorooxepan-2-one (5). To the solution of 2b (30.4 mg, 0.1 mmol) in anhydrous 

DMF (4 mL) was added Cs2CO3 (39.1 mg, 0.12 mmol) at room temperature. The 

reaction mixture was stirring at 50 oC for 4 h. Water (5 mL) was added and the 
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solution was extracted with Et2O (3 × 10 mL). The combined organic phases were 

washed with water (2 × 20 mL) and then dried over anhydrous Na2SO4. After the 

removal of solvent under reduced pressure, the crude product was purified by column 

chromatography on silica gel with hexane/ethyl acetate (4:1, v:v) as the eluent to give 

the pure product 5 as a colorless oil. Yield: 9.4 mg (71%). Colorless oil; 1H NMR 

(400 MHz, CDCl3): 4.89-5.07 (m, 1H), 4.53 (dd, J = 13.2, 10.8 Hz, 1H), 4.13 (ddd, J 

= 13.2, 5.6, 2.0 Hz, 1H), 2.97-3.09 (m, 1H), 4.13 (ddd, J = 14.4, 7.6, 1.6 Hz, 1H), 

1.83-2.31 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 175.0, 88.1 (d, J = 169.2 Hz), 

62.2 (d, J = 3.7 Hz), 34.5 (d, J = 21.2 Hz), 28.2 (d, J = 22.6 Hz), 27.2 (d, J = 4.4 Hz); 

19F NMR (282 MHz, CDCl3): δ -182.6 (m, 1F); IR (neat): ν (cm-1) 2951, 1741, 1441, 

1294, 1151, 1065, 1024, 905; EIMS: m/z (rel intensity) 132 (M+, 20), 102 (14), 74 

(40), 60 (100), 55 (51), 42 (30); HRMS calcd for C6H9FO2 (M): 132.0587, found 

132.0589.

O
O

O
F

O
F

5,13-Difluoro-1,9-dioxacyclohexadecane-2,10-dione (6). This compound was 

obtained as the 1:1 mixture of two stereoisomers. The two isomers were separated by 

column chromatography on silica gel. One isomer: Colorless oil; 1H NMR (400 MHz, 

CDCl3): δ 4.46-4.69 (m, 2H), 4.23-4.32 (m, 2H), 4.03-4.12 (m, 2H), 4.27 (t, J = 6.4 

Hz, 4H), 1.51-2.13 (m, 12H); 13C NMR (100 MHz, CDCl3): δ 172.8, 91.8 (d, J = 

167.7 Hz), 63.6, 30.7 (d, J = 21.2 Hz), 30.3 (d, J = 21.1 Hz), 29.5 (d, J = 5.9 Hz), 24.2 

(d, J = 3.7 Hz); 19F NMR (282 MHz, CDCl3): δ -184.3 (m, 2F); IR (neat): ν (cm-1) 

2959, 2860, 1735, 1437, 1389, 1368, 1260, 1166, 1085, 1021, 983, 928, 811; EIMS: 

m/z (rel intensity) 292 (M+, 0.1), 147 (17), 127 (61), 108 (100), 81 (64), 67 (23), 55 

(45), 41 (22); HRMS calcd for C14H22F2O4 (M): 292.1486, found 292.1490. The 

other isomer: Colorless oil; 1H NMR (400 MHz, CDCl3): δ 4.43-4.66 (m, 2H), 4.21-

4.30 (m, 2H), 4.05-4.14 (m, 2H), 2.39-2.54 (m, 4H), 1.92-2.08 (m, 4H), 1.52-1.90 (m, 

8H); 13C NMR (100 MHz, CDCl3): δ 172.8, 92.3 (d, J = 168.5 Hz), 63.7, 31.0 (d, J = 
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21.1 Hz), 30.5 (d, J = 21.9 Hz), 29.8 (d, J = 5.8 Hz), 24.2 (d, J = 3.0 Hz); 19F NMR 

(282 MHz, CDCl3): δ -183.7 (m, 2F); IR (neat): ν (cm-1) 2963, 2941, 2925, 1726, 

1453, 1329, 1294, 1259, 1172, 1160, 1053, 987, 922; EIMS: m/z (rel intensity) 147 

(17), 127 (66), 108 (100), 87 (21), 81 (63), 73 (18), 67 (23), 55 (43), 41 (21); HRMS 

calcd for C14H22F2O4 (M): 292.1486, found 292.1479.
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3. 1H, 13C and 19F NMR Spectra of Products
Compound 2a
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Compound 2b
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Compound 2c
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Compound 2d
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Compound 2e
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Compound 2f
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Compound 2g
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Compound 2h
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Compound 2i
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Compound 2j



S22

Compound 2k
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Compound 2l
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Compound 2m
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Compound 2n



S26

Compound 2o
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Compound 2p
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Compound 4
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Compound 5
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Compound 6
One isomer:
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The other isomer:
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