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Table 1 Optimization of electrophile induced tandem reaction conditions*

Ph Ph o
\\ o electrophile D ? + ! | Ph
o o solvent ° Ph (¢} Ph
1a 2a 3a
. . Yield (%)
Entry [1] (equiv) Additives Solvent
2a 3a
1P ,(3.0) NaHCO, CH,CN 60 23
2 ICl (3.0) NaHCO, CH,CN 64 (1.0.24)°
3 ICl (3.0) Na, CO, CH,CN 67 (1:0.29)°
4 ICl (3.0) HOAc CH,CN 60 (1:0.35)°
5 ICI (3.0) H,0 CH,CN 71 0
7 ICl (3.0) H,0 CH,0H 66 0
8 ICl (3.0) H,0 THF 30" 0
9 ICI (3.0) H,0 CH,NO, 0 0
10 ICl (3.0) H,0 Dioxane 0 0
11 ICI (1.5) H,0 CH,CN 40 0

* All the reactions were run with 0. 1 mmol 1a, 3 equiv electrophile, 3 equiv additive in 1 mL
solvent at 15 “C for 5 min unless otherwise specified; water was used in the ratio of 1/40 of the solvent.

" The reaction was run for 12 h. © The ratio (2a: 3a) was determined by "HNMR.

¢ About 14% of 1a was recovered.
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Table 2 Synthesis of 2, 3-dihydro-5-iodopyran-4-one from 1-alkynyl-2, 3-epoxy alcohol®
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1 2
E Substrate Prod Yield (% )"
t t
niry R . No. roduc ie o
1 Ph Ph la 2a 71
2 p-AcPhPh 1b 2b 44
3 p-MePhPh 1c 2¢ 71
4 p-CIPhPh 1d 2d 82
5 nPent Ph 1e 2e 55
6 Ph p-CIPh 1f 2f 70
Ph Ph
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7 1g O%H/ 2¢ 53
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8 oh 1h 2h 62

f\ o Ph

* All the reactions were run with 0.2 mmol 1a, 3 equiv ICl in 2 mL wet CH;CN at 15 °C for 5 min;

water was used in the ratio of 1/40 of CH,CN. " Tsolated yield. © The mixture of diastereoisomers were used.
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2a: [E &, I# 71%, mp 128 ~ 130 C; 'H

NMR (300 MHz, CDCl,): 87.66 ~7.64 (m, 2H),
7.48 ~7.36 (m, 8H), 5.49 (s, 1H), 2.31 ~2.17
(m, 1H), 1.94 ~1.84 (m, 2H), 1.78 ~1.53 (m,
3H), 1.40 ~1.30 (m, 1H), 1.27 ~1.15 (m,
1H); "C NMR (75 MHz) : § 193.2, 170.3, 135.5
135.3, 131.1, 129.7, 128.9, 128.4, 128.3,
127.9, 87.3, 55.7, 32.9, 30.5, 25.7; IR (neat,
em™') 2952, 2868, 1668, 1552, 1447, 1280,
1049, 698. Anal. Caled for C,, H,,10,: C, 58.62;
H, 4.45. Found: C, 58.67; H, 4.72.

2b. [EER, % 44% , mp 58 ~60 °C. 'H NMR
(300 MHz, CDClL,): & 8.00 (d, J=8.1, 2H),
7.75 (d, J =8.1, 2H), 7.39 ~7.35 (m, 5H),
5.52 (s, 1H), 2.63 (s, 3H), 2.31 ~1.93 (m,
1H), 1.93 ~1.88 (m, 2H), 1.79 ~ 1.56 (m,
3H), 1.42 ~1.34 (m, 1H), 1.26 ~ 1.18 (m,
1H); "C NMR (75 MHz) : §197.2, 192.9, 169.0,
139.6, 138.5, 134.9, 129.9, 129.0, 128.4,
128.3, 127.8, 87.6, 55.7, 32.9, 30.4, 26.7,
25.7; IR (neat, em™'): 2 954, 2 869, 1 683,
1570, 1 553, 1268, 1 050, 732. Anal. Calcd for
C,H,10,; C, 58.49; H, 4.48. Found: C, 58.52;
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H, 4.67.

2c: Wik, Y% 77%. '"H NMR (300 MHz,
CDCL): 8 7.52 (d, J=8.1, 2H), 7.34 ~7.28
(m, 5H), 7.15 (d, J=8.1, 2H), 5.40 (s, 1H),
2.32 (s, 3H),2.23~2.14 (m, 1H), 1.89 ~1.72
(m,2H), 1.68 ~1.47 (m, 3H), 1.30 ~1.21 (m,
1H), 1.16 ~1.05 (m, 1H); "C NMR (75 MHz) :
5 193.3, 170.4, 141.8, 135.3, 132.5, 129.8,
128.8, 128.4, 128.3, 87.0, 76.2, 55.8, 32.7,
30.4, 25.7,21.6; IR (neat, em™'): 2955, 2 869,
1683, 1667, 1552, 1279, 1 050, 732. Anal.
Caled for C,,H,,10,: C, 59.47; H, 4.76. Found: C,
59.35; H, 4.73.

2d: [# &, Ug % 82%, mp 116 ~ 118 C.
"H NMR (300 MHz, CDCly): 5 7.63 (d, ] =8.1,
2H), 7.39~7.36 (m, 7H), 5.49 (s, 1H), 2.27
~2.23 (m, 1H), 1.92 ~1.85 (m, 2H), 1.75 ~
1.55 (m, 3H), 1.40~1.32 (m, 1H), 1.25 ~1. 14
(m, IH); "C NMR (75 MHz): & 193.1, 169.0,
137.2, 135.0, 133.7, 131.2, 129.0, 128.4,
128.2, 87.3, 55.7, 32.8, 30.4, 25.7; IR (neat,
em™'):2954,2869, 1670, 1597, 1551, 1485,
1 050, 733. Anal. Caled for C, H,,ClIO,: C, 54.27;
H, 3.90. Found: C, 54.35; H, 3.67.

2e: WAk, UK #* 55%. 'H NMR (300 MHz,
CDClL): 87.40 ~7.32 (m, 5H), 5.26 (s, 1H),
2.79~2.60 (m, 2H), 2.22 ~2.15 (m, 1H), 1.88
~1.49 (m, 7H), 1.34 ~1.25 (m, 5H), 1.19 ~
1.09 (m, 1H), 0.90 ~0.85 (m, 3H); “C NMR
(75 MHz) : 8192.5, 175.6, 135.3, 128.8, 128.3,
128.2, 86.7, 55.0, 38.5, 32.7, 31.1, 30.5,
26.1,25.8,22.3,13.9; IR (neat, cm ') 2 956,
2866, 1 671, 1567, 1452, 1307, 1 011, 703.
Anal. Caled for C,, Hys 10, C, 56.61; H, 5.94.
Found: C, 56.73; H, 5. 82.

2f, [E &, W& 70%, mp 131 ~ 132 C.
"H NMR (300 MHz, CDCl,);: & 7.58 ~7.57 (m,
2H), 7.41 ~7.24 (m, 7H), 5.39 (s, 1H), 2.24
~2.15 (m, 1H), 1.80 ~1.76 (m, 2H), 1.63 ~
1.48 (m, 3H), 1.30 ~1.11 (m, 2H); "C NMR
(75 MHz) ; 8192.9, 170. 1, 135.2, 134. 8, 133.7,
131.2, 129.7, 128.5, 127.9, 86.4, 76.6, 55.6,
32.8, 30.4,25.7; IR (neat, cm™'): 2956, 2 869,

1 669, 1 553, 1490, 1 280, 1 051, 733. Anal.
Caled for C,,H,4ClIO, : C, 54.27; H, 3.90. Found:
C, 54.35; H, 3.78.

2¢: WK, W 53%. 'H NMR (300 MHz,
CDCL): 87.72~7.69 (m, 2H), 7.48 ~7.41 (m,
3H), 4.30 (d, J=3.6, 1H), 2.20 ~2.12 (m,
2H), 2.05 ~1.99 (m, 1H), 1.94 ~1.58 (m,
6H), 1.19 (d, J=8.1, 3H), 1.01 (d, J=8.1,
3H); "C NMR (75 MHz) ;: 8 192.6, 170.2, 135.9,
130.9, 129.3, 128.0, 90.8, 75.5, 55.4, 37.0,
30.3, 30.2, 26.1, 25.2, 21.9, 17.9; IR ( neat,
em™'):2962,2872, 1670, 1554, 1320, 1280,
1062, 697. Anal. Caled for C,iH, 10,: C, 54.56;
H, 5.34. Found: C, 54.72; H, 5.31.

2h: [, % 62% , mp 34 ~36 °C. 'H NMR
(300 MHz, CDCL,): & 7.49 ~7.33 (m, 10H),
5.55 (s, 1H), 2.63 (s, 1H), 2.43 ~2.36 (m,
1H), 2.27 ~2.18 (m, 1H), 1.92 ~1.78 (m,
2H), 1.69 ~1.66 (m, 1H), 1.50 ~ 1.25 (m,
2H), 1.13 (d, J=6.9, 3H); "C NMR (75 MHz) .
5 192.6, 169.1, 136.7, 135.8, 130.9, 129.5,
129.1, 128.7, 127.8, 84.9, 57.5, 43.7, 33.0,
31.4,23.1, 16.5; IR (neat, cm™'): 2958, 2 874,
1665, 1554, 1304, 1055, 732, 697. Anal. Caled
for C,, H,, 10,;: C, 59.47; H, 4.76. Found; C,
59.73; H, 4.52.
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Study on Electrophile Induced Semi-pinacol Rearrangement Reaction

WEN Shu-guang''*, LIANG Yong-min"**
(1. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of Science,
Lanzhou 730000, China;
2. Graduate School of Chinese Academy of Science, Beijing 100039, China;
3. State Key Laboratory of Applied Organic Chemistry, Lanzhou University, Lanzhou 730000, China)

Abstract: We have investigated the reaction of 1-alkynyl-2, 3-epoxy alcohol with the reagent of electrophile(1" ).
2, 3-dihydro-5-iodopyran4-one was produced as expected. A tandem cyclization/ rearrangement mechanism was
proposed for this reaction. Wet solvent is an important factor for which the reaction proceeds quickly and
exclusively.

Key words: Tandem; Electrophilic cyclization; Semi-pinacol rearrangement; 2, 3-Epoxy alcohol



