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1) Experimental details and characterization data for all compounds

General information: '"H NMR spectra were recorded on JEOL 300 MHz spectrometer and the
chemical shifts were reported in parts per million (J) relative to internal standard TMS (0 ppm) for
CDClI;. The peak patterns are indicated as follows: s, singlet; d, doublet; dd, doublet of doublet; ddd,
doublet of doublet of doublet; t, triplet; m, multiplet; q, quartet. The coupling constants, J, are
reported in Hertz (Hz). *C NMR spectra were obtained at JEOL 75.4 MHz and referenced to the
internal solvent signals (central peak is 77.0 ppm in CDCl3). CDCIl; was used as the NMR solvent.
Mass spectra were determined with AEI-MS 50 for EI-MS. APEX I (Bruker Inc.) for HR-MS and
ESI-MS. IR spectra were recorded by a Nicolet SMX-S infrared spectrometer. Flash column
chromatography was performed over silica gel 200-300. All reagents were weighed and handled in
air at room temperature. Unless otherwise noted, all reactions were performed under a nitrogen
atmosphere. All reagents were purchased from Acros, Aldrich, TCI, and Strem and used without

further purification.

General procedure for products 3: To a mixture of THF 1a (1 mL) and Fe(CO)o (9.2 mg, 0.025
mmol), ethyl benzoylacetate 2a (0.25 mmol) was added under a nitrogen atmosphere at room
temperature. tert-Butyl peroxide (0.139 mL, 0.75 mmol) was added dropwise into the mixture. The
resulting mixture was stirred under reflux condition for 1 h or as noted in the text. The resulting
reaction mixture was mixed with a small amount of silica gel and concentrated, then purified by
flash column chromatography (ethyl acetate/petroleum ether = 1:20). The fraction with an R¢= 0.3

(ethyl acetate/petroleum ether = 1:6) was collected and to give the desired product 3a.

Ph OEt

Ethyl 3-oxo0-3-phenyl-2-(tetrahydrofuran-2-yl)propanoate (3a)™. Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, R¢ = 0.3). The ratio of two diasteromers is 1:1.
Two diasteromers: 'H NMR (ppm) J 8.05-8.01(m, 4H), 7.62-7.55(m, 2H), 7.50-7.44(m, 4H),
4.74-4.64(m, 2H), 4.46(d, J = 9.0Hz, 1H), 4.41(d, J = 9.0Hz, 1H), 4.17(q, J = 7.2Hz, 2x2H), 3.92-
3.69(m, 4H), 2.28-2.15(m, 2H), 1.99-1.84(m, 4H), 1.57-1.45(m, 2H), 1.18(t, J = 6.9Hz, 3H), 1.17(t,
J = 6.9Hz, 3H); BC NMR (ppm) 0 193.5, 193.2, 167.8, 167.4, 136.7, 136.2, 133.7, 133.3, 128.7,
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128.6, 128.5, 78.0, 77.6, 68.1, 68.0, 61.5, 61.3, 60.1, 59.2, 30.1, 29.9, 25.4, 25.3, 13.9, 13.8; MS(EI)
m/z(%): 216, 193, 189, 157, 147, 105(100), 77, 71, 28.

Ph Ph

1,3-diphenyl-2-(tetrahydrofuran-2-yl)propane-1,3-dione  (3b)?. Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, Rg=0.4). '"H NMR (ppm) J 8.01-7.95(m, 4H),
7.58-7.38(m, 6H), 5.43(d, J = 8.4Hz, 1H), 4.83(ddd, J = 8.1, 6.9, 6.9Hz, 1H), 3.84-3.69(m, 2H),
2.35-2.26(m, 1H), 1.93-1.71(m, 2H), 1.69-1.65(m, 1H); "C NMR (ppm) J 194.6, 194.3, 136.8,
136.4, 133.6, 133.3, 128.9, 128.8, 128.7, 79.3, 68.0, 62.7, 30.5, 25.4; MS(EI) m/z(%): 224, 189,
105(100), 77, 71, 51, 27.

Ph

O

1-phenyl-2-(tetrahydrofuran-2-yl)butane-1,3-dione  (3c)®!.  Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, Ry = 0.3, Rp = 0.25). The ratio of two
diasteromers is 1:1. Two diasteromers: IR (neat): vimax 1717, 1665, 1590, 1570, 1449, 1354, 1283,
1209, 1167, 1068, 1001, 968, 923, 806, 761, 690cm'; One diasteromer: 'H NMR (ppm) ¢ 8.03-
8.00(m, 2H), 7.63-7.57(m, 1H), 7.51-7.46(m, 2H), 4.80-4.72(m, 1H), 4.55(d, J = 9.3Hz, 1H), 3.92-
3.73(m, 2H), 2.28(s, 3H), 2.22-2.12(m, 1H), 1.95-1.85(m, 2H), 1.50-1.38(m, 1H); *C NMR (ppm)
0 202.5, 194.2, 136.5, 133.9, 128.8, 128.7, 78.4, 69.4, 68.1, 30.5, 27.9, 25.2; The other
diasteromer: 'H NMR (ppm) 6 8.05-7.99(m, 2H), 7.62-7.54(m, 1H), 7.52-7.42(m, 2H), 4.73-
4.65(m, 1H), 4.60(d, J = 8.7Hz, 1H), 3.85-3.67(m, 2H), 2.17(s, 3H), 2.00-1.89(m, 2H), 1.69-1.60(m,

2H); 3C NMR (ppm) 6 202.0, 194.9, 137.0, 133.6, 128.8, 128.7, 78.1, 68.7, 67.9, 29.9, 29.2, 25.5.
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Ph NHPh

O

3-0x0-N,3-diphenyl-2-(tetrahydrofuran-2-yl)propanamide (3d). Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:2, Ry = 0.4, Rp = 0.35). The ratio of two
diasteromers is 1:1. Two diasteromers: IR (neat): viax 1686, 1648, 1594, 1545, 1495, 1441, 1325,
1213, 1180, 1064, 1001, 902, 757, 690cm™'; One diasteromer: "H NMR (ppm) & 8.81(s, 1H), 8.06-
8.02(m, 2H), 7.63-7.46(m, 5H), 7.34-7.25(m, 2H), 7.13-7.08(m, 1H), 4.61-4.51(m, 2H), 3.92-
3.71(m, 2H), 2.20-2.11(m, 1H), 2.04-1.88(m, 2H), 1.76-1.68(m, 1H); *C NMR (ppm) J 199.1,
164.3, 137.5, 137.1, 134.0, 129.0, 128.9, 128.8, 128.7, 124.5, 119.8, 80.7, 68.4, 60.9, 29.4, 25.4;
The other diasteromer: '"H NMR (ppm) & 8.93(s, 1H), 8.04(d, J = 8.1Hz, 2H), 7.63-7.46(m, 5H),
7.32-7.26(m, 2H), 7.11-7.06(m, 1H), 4.61-4.53(m, 2H), 3.97-3.82(m, 2H), 2.19-2.09(m, 1H), 1.97-
1.86(m, 2H), 1.75-1.64(m, 1H); *C NMR (ppm) 6 197.0, 165.5, 137.7, 136.6, 133.9, 128.9, 128.8,
124.3,119.9, 78.7, 68.7, 60.4, 30.3, 25.4; MS (EI) m/z (%): 309(M"), 291, 239, 204, 147, 120, 119,

105(100), 93, 77, 71, 66, 51; HRMS calcd for Ci9H;9NOs: 309.1365; found: 309.1367.

OEt

O

Ethyl 3-oxo0-2-(tetrahydrofuran-2-yl)butanoate (39)[4]. Isolated by flash column chromatography
(ethyl acetate/petroleum ether = 1:6, Ry = 0.3). The ratio of two diasteromers is 2:1. Two
diasteromers: 'H NMR (ppm) 0 4.48-4.40(m, 3H), 4.28-4.15(m, 6H), 3.89-3.71(m, 6H), 3.58(d, J
=8.7Hz, 1H), 3.51(d, J=9.3Hz, 2H), 2.31(s, 6H), 2.25(s, 3H), 2.21-2.10(m, 3H), 1.96-1.83(m, 9H),
1.32-1.24(m, 9H); "°C NMR (ppm) 6 201.9, 201.3, 167.8, 167.4, 76.9, 76.6, 68.0, 67.9, 65.2, 64.9,
61.4,61.2,30.2,29.8,29.7, 29.6, 25.4, 25.2, 25.1, 13.9; MS (EI) m/z (%): 200(M"), 199, 157, 127,

111, 85, 71(100), 43, 29.
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O'Bu
O
Tert-butyl  3-oxo-2-(tetrahydrofuran-2-yl)butanoate (3f). Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, R¢= 0.4). The ratio of two diasteromers is 2:1.
Two diasteromers: IR (neat): vy 1740, 1711, 1362, 1254, 1147, 1064, 844cm™; 'H NMR (ppm)
0 4.44-4.35(m, 3H), 3.87-3.71(m, 6H), 3.48(d, J = 8.7Hz, 1H), 3.41(d, J = 9.6Hz, 2H), 2.29(s, 6H),
2.24(s, 3H), 2.20-2.11(m, 6H), 1.95-1.86(m, 6H), 1.48(s, 9H), 1.45(s, 18H); "*C NMR (ppm) &
202.3,201.9, 167.0, 166.6, 82.1, 82.0,79.9, 77.4, 76.6, 68.1, 67.9, 66.2, 66.1, 30.2, 29.7,29.4, 27.9,
27.8, 25.5, 25.2; MS (EI) m/z (%):182, 172, 129, 127, 113, 111, 97, 85, 71(100), 57, 43, 41,

MS(ESI) m/z(%): 228.1(M"); HRMS calcd for C1,HagO4: 228.1362; found: 228.1361.

Allyl 3-oxo-2-(tetrahydrofuran-2-yl)butanoate (3g). Isolated by flash column chromatography
(ethyl acetate/petroleum ether = 1:6, Ry = 0.2). The ratio of two diasteromers is 1:1. Two
diasteromers: IR (neat): via, 1744, 1715, 1648, 1354, 1267, 1151, 1064, 985, 918cm™'; '"H NMR
(ppm) 6 5.98-5.83(m, 2H), 5.38-5.24(m, 4H), 4.67(d, J = 5.7Hz, 2H), 4.62(d, J = 5.7Hz, 2H), 4.49-
4.41(m, 2H), 3.88-3.71(m, 4H), 3.62(d, J = 8.4Hz, 1H), 3.55(d, J = 9.6Hz, 1H), 2.31(s, 3H), 2.25(s,
3H), 2.24-2.12(m, 2H), 1.96-1.84(m, 4H), 1.68-1.53(m, 2H); C NMR (ppm) & 201.8, 201.2,
167.5, 167.1, 131.4, 131.2, 118.9, 118.7, 76.9, 76.6, 68.1, 67.9, 65.9, 65.8, 65.1, 64.8, 30.3, 29.9,
29.8,29.7, 25.4, 25.2; MS (EI) m/z (%): 212(M"), 211, 181, 169, 153, 149, 127, 111, 71(100), 43,

41; HRMS caled for C;1H¢04: 212.1049; found: 212.1023.
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Ph OEt
0]
o
Ethyl 2-(1,4-dioxan-2-yl)-3-oxo0-3-phenylpropanoate (3h). Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, R¢= 0.3). The ratio of two diasteromers is 1:1.
Two diasteromers: IR (neat): viax 1735, 1682, 1590, 1445, 1271, 1205, 1113, 993, 881cm™; 'H
NMR (ppm) 6 7.96-7.91 (m, 4H), 7.55-7.48 (m, 2H), 7.43-7.38 (m, 4H), 4.46-4.36 (m, 4H), 4.15-
4.01 (m, 4H), 3.85-3.25 (m, 12H), 1.09 (t, J = 7.2Hz, 3H), 1.08 (t, J= 7.2Hz, 3H) ; °C NMR (ppm)
0192.8; 191.8, 167.2, 166.5, 136.7, 135.9, 133.9, 133.5, 128.8, 128.7, 128.6, 74.0, 73.9, 69.4, 69.2,
66.8, 66.7, 66.4, 66.3, 61.7, 61.6, 56.7, 55.7, 13.8, 13.7; MS (EI) m/z (%): 278(M"), 276, 235, 232,
205, 192, 173, 149, 147, 105(100), 86, 77, 73, 51; HRMS calcd for C;sH;30s: 278.1154; found:

278.1153.

Ph Ph
@]
o
2-(1,4-dioxan-2-yl)-1,3-diphenylpropane-1,3-dione  (3i).  Isolated by flash  column
chromatography (ethyl acetate/petroleum ether = 1:6, R¢= 0.2). IR (neat): vmax 1694, 1669, 1590,
1441, 1279, 1205, 1118, 985, 910cm™; "H NMR (ppm) & 8.00-7.91(m, 4H), 7.59-7.38(m, 6H), 5.42
(d, J=8.7 Hz, 1H), 4.70(ddd, J = 9.3, 9.3, 2.4Hz, 1H), 4.00(dd, J = 11.4, 2.4Hz, 1H), 3.79-3.57(m,
4H), 3.41(dd, J = 11.1, 9.6Hz, 1H); C NMR (ppm) 6 193.8, 192.8, 136.9, 136.2, 133.8, 133.5,
128.8, 128.7, 75.6, 69.9, 67.1, 66.5, 59.4; MS (EI) m/z (%): 310(M"), 308, 224, 205, 171, 105(100),

86, 77, 51; MS(ESI) m/2(%):310.1(M"); HRMS calcd for C;9H;304: 310.1205; found: 310.1195.

S-7



O O

OEt

@]

N
Ethyl 2-(1,4-dioxan-2-yl)-3-oxobutanoate (3j). Isolated by flash column chromatography (ethyl
acetate/petroleum ether = 1:6, R¢= 0.2). The ratio of two diasteromers is 2:1. Two diasteromers:
IR (neat): vy 1744, 1715, 1441, 1358, 1275, 1180, 1113, 1080, 1026, 885cm™"; '"H NMR (ppm) &
4.33-4.15(m, 9H), 3.94-3.86(m, 3H), 3.79-3.54(m, 15H), 3.39(d, J = 11.1Hz, 2H), 3.36(d, J =
11.4Hz, 1H), 2.29(s, 6H), 2.25(s, 3H), 1.32-1.24(m, 9H); °C NMR (ppm) 6 201.0, 200.2, 167.1,
166.5, 73.6, 73.0, 69.3, 69.0, 66.7, 66.6, 66.4, 66.3, 61.9, 61.7, 61.6, 61.1, 29.9, 29.8, 14.0, 13.9;
MS (EI) m/z (%): 216(M"), 214, 197, 174, 173, 145, 130, 116, 101, 87, 86(100), 85, 73, 43; HRMS

calcd for C1gH;605: 216.0998; found: 216.0997.

Ph OEt

Ethyl 3-oxo-3-phenyl-2-(tetrahydro-2H-pyran-2-yl)propanoate (3k)™. Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, Ry = 0.4, Rpp = 0.3). The ratio of two
diasteromers is 1:1. One diasteromer: '"H NMR (ppm) J 8.03-8.00(m, 2H), 7.59-7.54(m, 1H),
7.50-7.43(m, 2H), 4.47(d, J = 9.3Hz, 1H); 4.25-4.10(m, 3H), 3.86-3.82(m, 1H), 3.43(ddd, J = 11.4,
11.4, 3.0Hz, 1H), 1.87-1.79(m, 2H), 1.60-1.44(m, 4H), 1.18(t, J = 7.2Hz, 3H); *C NMR (ppm) &
193.7, 167.1, 137.1, 133.3, 128.7, 128.5, 76.6, 68.7, 61.4, 59.8, 29.7, 25.7, 23.1, 14.0; The other
diasteromer: "H NMR (ppm) 6 8.06-8.03(m, 2H), 7.62-7.57(m, 1H), 7.51-7.44(m, 2H), 4.46(d, J
= 9.6Hz, 1H); 4.25-4.10(m, 3H), 4.03-3.99(m, 1H), 3.51(ddd, J = 11.1, 11.1, 3.0Hz, 1H), 1.81-
1.50(m, 6H), 1.18(t, J = 6.9Hz, 3H); '*C NMR (ppm) J 192.6, 167.8, 136.5, 133.7, 128.7, 128.6,
77.1, 68.9, 61.5, 60.7, 29.8, 25.7, 23.1, 14.0; MS (EI) m/z (%): 230, 204, 203, 192, 171, 147, 125,

105(100), 77, 69, 57, 41, 29.
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Ph OEt

Ethyl 2-(1,3-dihydroisobenzofuran-1-yl)-3-oxo-3-phenylpropanoate (3l). Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:6, Rf = 0.3). The ratio of two
diasteromers is 1:1. Two diasteromers: IR (neat): vimax 1735, 1682, 1590, 1445, 1279, 1196, 1035,
1018, 748cm™; '"H NMR (ppm) & 8.03-7.97(m, 4H), 7.59-7.12(m, 14H), 6.18(d, J = 9.3Hz, 1H),
6.15(d, J = 8.4Hz, 1H), 5.15-4.98(m, 4H), 4.73(d, J = 8.1Hz, 1H), 4.67(d, J = 9.0Hz, 1H), 4.20(q,
J = 7.2Hz, 2H), 4.14(q, J = 7.2Hz, 2H), 1.19(t, J = 7.2Hz, 3H), 1.13(t, J = 7.2Hz, 3H); °C NMR
(ppm) 0 193.1, 193.0, 167.1, 167.0, 139.5, 139.4, 139.3, 139.2, 136.4, 133.8, 133.5, 128.9, 128.8,
128.7, 128.6, 128.2, 128.1, 127.5, 127.4, 122.7, 122.5, 121.1, 121.0, 82.8, 82.7, 72.6, 72.5, 61.7,
61.5,61.2, 60.0, 13.9, 13.9; MS (EI) m/z (%): 310(M"), 237, 205, 171, 149, 119, 118(100), 105, 90,

89, 77, 63, 51; HRMS calcd for C19H;304: 310.1205; found: 310.1207.

Ph OEt

Ethyl 2-(isochroman-1-yl)-3-oxo-3-phenylpropanoate (3m). Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, R¢= 0.3). The ratio of two diasteromers is 1:1.
Two diasteromers: IR (neat): vimax 1740, 1682, 1590, 1491, 1445, 1362, 1275, 1205, 1147, 1088,
1001, 748, 686cm™; 'H NMR (ppm) & 8.00-7.90(m, 4H), 7.58-7.49(m, 2H), 7.46-7.38(m, 4H);
7.18-7.01(m, 8H), 5.76(d, J = 7.8Hz, 1H), 5.75(d, J = 7.8Hz, 1H), 4.93(d, J = 7.8Hz, 1H), 4.88(d, J
= 6.9Hz, 1H), 4.20-4.08(m, 4H), 3.72-3.61(m, 2H), 3.56-3.45(m, 2H), 3.01-2.54(m, 4H), 1.15(t, J =
7.2Hz, 3H), 1.13(t, J=7.2Hz, 3H); “C NMR (ppm) ¢ 193.2, 193.0, 168.0, 167.0, 137.2, 136.4,
135.8, 135.6, 134.3, 133.9, 133.5, 133.1, 128.9, 128.6, 128.5, 128.4, 127.0, 126.9, 126.2, 125.1,

124.9, 74.5, 73.8, 63.3, 63.2, 61.6, 61.4, 61.3, 60.3, 28.7, 28.5, 13.8, 13.8; MS (EI) m/z (%):
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324(M"), 279, 251, 219, 173, 149, 133, 105(100), 77, 51; HRMS caled for CyoH004: 324.1362;

found: 324.1360.

O O

Ph)jfkoa
o >

Ethyl 2-benzoyl-3-ethoxybutanoate (3n). Isolated by flash column chromatography (ethyl
acetate/petroleum ether = 1:6, R¢= 0.4). The ratio of two diasteromers is 2:1. Two diasteromers:
IR (neat): vmax 2980, 1735, 1677, 1603, 1445, 1362, 1217, 1093, cm™; "H NMR (ppm) & 8.07-
7.88(m, 6H), 7.61-7.54(m, 3H), 7.50-7.41(m, 6H), 4.49(d, J = 9.6Hz, 1H), 4.48(d, J = 9.3Hz, 2H),
4.31(qd, J = 9.1, 6.0Hz, 2H), 4.28(dq, J = 9.1, 6.0Hz, 1H), 4.21-4.11(m, 6H), 3.73-3.18(m, 6H),
1.31(d, J = 6.0Hz, 6H), 1.26-1.10(m, 12H), 1.06(t, J = 7.2Hz, 3H), 0.98(t, J = 7.2Hz, 6H); "C
NMR (ppm) ¢ 194.1, 167.5, 143.4, 137.3, 133.7, 133.6, 133.5, 133.2, 132.7, 129.0, 128.9, 128.7,
128.6, 128.5, 128.4, 128.3, 128.1, 128.0, 74.6, 74.5, 64.9, 64.7, 63.7, 61.6, 61.4, 61.3, 61.1, 61.0,
60.6, 55.5,45.9,39.3, 18.2, 18.1, 16.4, 15.4, 15.3, 15.2, 15.1, 15.0, 14.0, 13.9, 13.8, 13.7, 13.1; MS
(ED) m/z (%): 264(M "), 220, 191, 173, 159, 144, 115, 105(100), 100, 77, 73, 45. HRMS calcd for

Ci5sH2004: 264.1362; found: 264.1361.

o O

Ph)‘:EU\Ph
o ™

2-(1-ethoxyethyl)-1,3-diphenylpropane-1,3-dione  (30)".  Isolated by flash  column
chromatography (ethyl acetate/petroleum ether = 1:6, Rg= 0.3). '"H NMR (ppm) & 8.02-7.93(m,
4H), 7.58-7.50(m, 2H), 7.47-7.37(m, 4H), 5.46(d, J = 9.0Hz, 1H), 4.51(dq, J = 9.0, 6.0Hz, 1H),
3.59(dq, J=9.3, 9.3Hz, 1H), 3.30(dq, J = 9.0, 9.0Hz, 1H), 1.28(d, J = 6.0Hz, 3H), 0.95(t, /= 6.9Hz,
3H); C NMR (ppm) 6 194.9, 193.8, 137.5, 136.6, 133.5, 133.1, 128.7, 128.7, 128.5, 76.0, 64.9,

63.6, 19.0, 15.1.
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Ph OEt

ph” Y0~

Ethyl  2-benzoyl-3-methoxy-3-phenylpropanocate  (3p)®. Isolated by flash column
chromatography(ethyl acetate/petroleum ether = 1:6, Ry = 0.3, Rpp = 0.25). The ratio of two
diasteromers is 2:1. One diasteromer: 'H NMR (ppm) 6 8.09(d, J=8.7Hz, 2H), 7.59-7.17(m, 8H),
5.07(d, J = 9.9Hz, 1H), 4.79(d, J = 9.9Hz, 1H), 3.86(q, J = 6.9Hz, 2H), 3.14(s, 3H), 0.93(t, J =
6.9Hz, 3H); *C NMR (ppm) 6 192.8, 166.3, 138.4, 137.0, 133.5, 128.9, 128.6, 128.5, 128.4, 127.9,
82.2, 61.5, 61.3, 56.8, 13.7; The other diasteromer: "H NMR (ppm) 6 7.83(d, J = 8.7Hz, 2H),
7.51-7.15(m, 8H), 5.06(d, J = 9.9Hz, 1H), 4.82(d, J = 10.2Hz, 1H); 4.31-4.17(m, 2H), 3.22(s, 3H),
1.24(t, J = 6.9Hz, 3H); °C NMR (ppm) J 192.1, 167.3, 138.4, 136.2, 133.5, 128.6, 128.5, 128.3,
128.2, 127.9, 82.2, 62.3, 61.7, 56.8, 14.1; MS (EI) m/z (%): 294, 280, 251, 239, 207, 178, 161, 131,

121, 105(100), 91, 77, 51, 29.

Ph OEt

ph” Y0~ Ph

Ethyl 2-benzoyl-3-(benzyloxy)-3-phenylpropanoate (3q). Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, R¢= 0.4). The ratio of two diasteromers is 1:1.
Two diasteromers: IR (neat): vmay 1735, 1677, 1445, 1292, 1205, 1123, 1084, 1059, 1022, 740cm’;
'H NMR (ppm) J 8.11-8.08(m, 2H), 7.85-7.82(m, 2H), 7.60-7.17(m, 24H), 7.07-7.04(m, 2H),
5.32(d, J = 9.9Hz, 1H); 5.31(d, J = 10.2Hz, 1H), 4.93(d, J = 10.2Hz, 1H), 4.88(d, J = 9.9Hz, 1H),
4.38(q, J = 12.0Hz, 2H), 4.32(s, 2H), 4.19(q, J = 7.2Hz, 2H), 3.87(dq, J = 7.2, 1.8Hz, 2H), 1.18(t, J
= 7.2Hz, 3H), 0.93(t, J = 7.2Hz, 3H); "*C NMR (ppm) ¢ 192.8, 192.0, 167.3, 166.3, 138.5, 137.8,
137.7, 137.1, 136.2, 133.5, 133.4, 128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0,

127.9, 127.8, 127.7, 127.6, 127.5, 127.4, 80.4, 80.3, 70.9, 70.7, 62.3, 61.6, 61.5, 61.3, 14.0, 13.6;



MS (EI) m/z (%): 297, 281, 251, 207, 178, 146, 105(100), 91, 77, 51; HRMS calcd for

C13H704(M-CH,Ph): 297.1127; found: 297.1124.

Ph OEt

Ethyl 3-oxo0-3-phenyl-2-(tetrahydrothiophen-2-yl)propanoate (3r). Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, Ry = 0.45, R, = 0.4). The ratio of two
diasteromers is 1:1. Two diasteromers: IR (neat): viax 1735, 1682, 1596, 1447, 1367, 1278, 1212,
1175, 1159, 1098, 1026, 1001, 984, 701, 683cm™; One diasteromer: '"H NMR (ppm) J 8.08-
8.02(m, 2H), 7.64-7.58(m, 1H), 7.56-7.45(m, 2H), 4.47(d, J = 10.5Hz, 1H), 4.30-4.10(m, 3H),
2.94-2.82(m, 2H), 2.18-1.92(m, 3H), 1.55-1.46(m, 1H), 1.18(t, J = 6.9Hz, 3H); "*C NMR (ppm) &
194.0, 168.0, 136.4, 133.8, 128.9, 128.8, 128.6, 61.7, 61.6, 47.5, 35.0, 32.3, 30.1, 13.9; The other
diasteromer: 'H NMR (ppm) J 8.07-8.02(m, 2H), 7.61-7.54(m, 1H), 7.52-7.44(m, 2H), 4.47(d, J =
9.9Hz, 1H), 4.24-4.09(m, 3H), 2.91-2.81(m, 2H), 2.23-1.93(m, 4H), 1.16(t, J = 6.9Hz, 3H); "C
NMR (ppm) ¢ 193.2, 167.8, 136.1, 133.6, 128.9, 128.8, 128.7, 128.6, 62.3, 61.6, 46.6, 34.5, 32.3,
30.2, 13.9; MS (EI) m/z (%): 278(M"), 233, 205, 192, 173, 149, 127, 105(100), 101, 85, 77, 58;

HRMS calced for C;5H1505S: 278.0977; found: 278.0976.

Ph Ph

1,3-diphenyl-2-(tetrahydrofuran-2-yl)propane-1,3-dione  (3s). Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, R¢y= 0.4). IR (neat): vmax 1722, 1694, 1663,
1597, 1578, 1447, 1276, 1228, 1198, 1180, 979, 732, 715, 689cm™'; "H NMR (ppm) J 8.04-7.96(m,
4H), 7.60-7.37(m, 6H), 5.36(d, /= 10.2Hz, 1H), 4.44-4.37(m, 1H), 2.93-2.81(m, 2H), 2.69-2.57(m,
1H), 2.23-1.86(m, 2H), 1.70-1.58(m, 1H); "*C NMR (ppm) J 194.3, 194.2, 136.3, 136.2, 133.8,
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133.4, 128.9, 128.6, 65.6, 48.5, 35.0, 32.2, 30.2; MS (EI) m/z (%): 310(M"), 224, 205(100), 186,

147, 105, 85, 77, 51; HRMS calcd for C19H;50,S: 310.1028; found: 310.1030.

Ph

1-phenyl-2-(tetrahydrothiophen-2-yl)butane-1,3-dione  (3t). Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, Ry = 0.4, Rp = 0.35). The ratio of two
diasteromers is 1:1. Two diasteromers: IR (neat): vimax 1721, 1671, 1596, 1447, 1355, 1278, 1208,
1182, 1156, 969, 933, 845, 817, 690cm™'; One diasteromer: 'H NMR (ppm) J 8.06-8.02(m, 2H),
7.65-7.60(m, 1H), 7.54-7.38(m, 2H), 4.60(d, J = 10.8Hz, 1H), 4.31-4.22(m, 1H), 2.92-2.87(m, 2H),
2.19(s, 3H), 2.15-1.86(m, 3H), 1.52-1.43(m, 1H); C NMR (ppm) ¢ 201.9, 194.9, 134.0, 129.0,
128.9, 128.6, 127.0, 70.7, 47.6, 35.3, 32.5, 30.0, 28.3; The other diasteromer: 'H NMR (ppm) &
8.04-8.00(m, 2H), 7.63-7.57(m, 1H), 7.54-7.42(m, 2H), 4.59(d, J = 10.8Hz, 1H), 4.33-4.24(m, 1H),
2.86-2.82(m, 2H), 2.14(s, 3H), 2.11-1.93(m, 3H), 1.71-1.62(m, 1H); "“C NMR (ppm) § 202.5,
194.8, 133.9, 129.0, 128.8, 128.6, 127.0, 72.1, 46.8, 34.4, 32.2, 30.2, 27.7; MS (EI) m/z (%):
248(M"), 223, 205(100), 171, 149, 143, 127, 105, 85, 77, 43; HRMS caled for Ci4H;60,S:

248.0871; found: 248.0872.

OEt

Ethyl 3-oxo-2-(tetrahydrothiophen-2-yl)butanoate  (3u)®l. Isolated by flash column
chromatography (ethyl acetate/petroleum ether = 1:6, R¢y= 0.5). The ratio of two diasteromers is 1:1.
Two diasteromers: IR (neat): v, 2948, 1740, 1715, 1443, 1358, 1270, 1205, 1172, 1020cm™'; 'H
NMR (ppm) 6 4.25-4.16(m, 4H), 4.03-3.91(m, 2H), 3.60(d, J = 10.5Hz, 2x1H), 2.86-2.82(m, 4H),
2.27(s, 3H), 2.26(s, 3H), 2.21-1.91(m, 6H), 1.68-1.53(m, 2H), 1.29(t, J = 7.2Hz, 3H), 1.28(t, J =
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7.2Hz, 3H); '°C NMR (ppm) 0 201.5, 201.3, 167.9, 167.7, 67.4, 66.9, 61.6, 61.5, 46.0, 45.8, 34.7,
34.5, 323, 32.1, 30.1, 29.9, 29.6, 29.2, 14.0, 13.9; MS (EI) m/z (%): 216(M"), 190, 173, 143,

127(100), 99, 87, 85, 59, 43; HRMS calcd for C;oH;603S: 216.0820; found: 216.0822.

@] 0]

Ph)%kOEt
_Ph
N

I
Ethyl 2-((methyl(phenyl)amino)methyl)-3-oxo-3-phenylpropanoate (3v). Isolated by flash
column chromatography (ethyl acetate/petroleum ether = 1:6, R¢= 0.5). IR (neat): vax 2987, 1733,
1684, 1599, 1506, 1448, 1328, 1222, 1118, 1028, 988, 945, 744, 679cm™; "H NMR (ppm) & 7.94-
7.91(m, 2H), 7.58-7.54(m, 1H), 7.46-7.40(m, 2H), 7.26-7.21(m, 2H), 6.76-6.70(m, 3H), 4.77(t, J =
6.6Hz, 1H), 4.17-4.02(m, 4H), 2.90(s, 3H), 1.15(t, J=7.2Hz, 3H); *C NMR (ppm) & 194.6, 168.7,
148.2, 136.3, 133.7, 129.3, 128.7, 128.6, 116.9, 112.4, 61.7, 52.2, 52.0, 39.2, 13.9; MS (EI) m/z
(%): 311 (M), 207, 175, 158, 133, 107, 105(100), 77; HRMS calcd for C;oH,NOs: 311.1521;

found: 311.1519.

General procedure for products 3a-D: To a mixture of THF-dg (1 mL) and Fey(CO)y (9.2 mg,
0.025 mmol), ethyl benzoylacetate 2a (0.25 mmol) was added under a nitrogen atmosphere at room
temperature. tert-Butyl peroxide (0.139 mL, 0.75 mmol) was added dropwise into the mixture. The
resulting mixture was stirred under reflux condition for 10 h. The resulting reaction mixture was
mixed with few silica gel and concentrated, then purified by flash column chromatography (ethyl
acetate/petroleum ether = 1:20). The fraction with an R¢= 0.3 (ethyl acetate/petroleum ether = 1:6)

was collected and to give the desired product 3a-D.

@) O
O O 10 mol% Fe,(CO)g  ph OEt
)J\/U\ 3.0 eq 'BUOO'Bu D D
THF-dg + Ph OEt = @)
reflux, 10 h D
1.0 mL 0.25 mmol DD
3a-D

80%, D > 98%
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Ethyl 3-oxo0-3-phenyl-2-(2,3,3,4,4,5,5,-D-tetrahydrofuran-2-yl)propanoate (3a-D). Isolated by
flash column chromatography (ethyl acetate/petroleum ether = 1:6, Ry = 0.3). The ratio of two
diasteromers is 1:1. Two diasteromers: IR (neat): v 1737, 1682, 1597, 1448, 1368, 1298, 1232,
1184, 1052, 1033, 1001, 758, 706, 690, 685cm™; "H NMR (ppm) J 8.05-8.01(m, 4H), 7.62-7.55(m,
2H), 7.51-7.44(m, 4H), 4.45(s, 1H), 4.40(s, 1H), 4.21-4.11(m, 4H), 1.18(t, J = 7.2Hz, 3H), 1.17(t, J
= 7.2Hz, 3H); "“C NMR (ppm) ¢ 193.6, 193.3, 167.9, 167.5, 136.8, 136.3, 133.7, 133.4, 128.8,
128.7, 128.6, 61.6, 61.4, 60.0, 59.2, 13.9, 13.8; MS(EI) m/z(%): 269(M"), 250, 223, 196, 164, 117,
105(100), 77, 51; HRMS calcd for CisH;1D704: 269.1644; found: 269.1645.

General procedure for experiment of KIE: To a mixture of THF (0.5 mL), THF-dg (0.5 mL)
and Fe,(CO)9 (9.2 mg, 0.025 mmol), ethyl benzoylacetate 2a (0.25 mmol) was added under a
nitrogen atmosphere at room temperature. tert-Butyl peroxide (0.139 mL, 0.75 mmol) was added
dropwise into the mixture. The resulting mixture was stirred under reflux condition for 10 h. The
resulting reaction mixture was mixed with few silica gel and concentrated, then purified by flash
column chromatography (ethyl acetate/petroleum ether = 1:20). The fraction with an R¢= 0.3 (ethyl

acetate/petroleum ether = 1:6) was collected and to give the desired product 3a and 3a-D.

(@] Hbo OHO
10 mol% Fe,(CO)g Ph OEt
. 3.0 eq'BUOO'BU Ph™ T OBt D
THE  + THF-dg 2a H D
reflux, 10h Q H Q D
0.5mL 0.5 mL 0.25mmol HH |_r| DD DD
3a 3a-D
54 : 1
N J
Y
% § g 80% combinded yield
', ar T oS
e e Hp+H'p [ ~ Entry Cat. M KIE
o o | g -5 |y e
st ol fl : 1 Fe,(CO), (10%) 5.4
}g I}(f fl "'| ¢ ! |J
| | | ! f /
[ / o, Sy H,=0.8434
,,,{| f‘; j|‘ JIH!‘l Ha r ,’I S
o[ ',|.'[‘i‘?,‘ | ] Hp+H,=1.0000
{ r 1§ | | -!‘ ", \ 'I‘ I
i ,,l ke | F', .. iy Ha=Hp
H spectra of pure 3a 'H spectra of mixed 3aand 3a-D  H'=1.0000-H,=1.0000-0.8434=0.1566
I I T | I I
ili — il L KIE=3a/3a-D=H,/H',=0.8434/0.1566=5.4
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OEt

3e

3.0518
3.2228

2.6369

2.3578
1.0000

Q429

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\8-H.als

Mon Mar 17 23:16:52 2008

1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
23.2 ¢
CDCL3
0.00 ppm
0.09 Hz
16
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__—201.918
T~201.317

3e

167.790
167.378

—_

OEt

ftii L e

PPM

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\8-C.als

Wed Apr 16 09:33:19 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
100
1.606
1.394
5.0
1H
23.1
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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3f

O'Bu

~~ 1.0651

N

k\\\\ 2.2803
k\\1.0000

Al

Q-

1138538
1.4869

~—___ 2.3716

3.1322%,6479

¢.¢fl%r .(IL__

A

PPM

N —

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\9-H.als

Mon Mar 17 23:45:16 2008
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
23.2 ¢
CDCL3
0.00 ppm
0.09 Hz
15
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202.289
201.902

—_

- — —

82.143
82.011
79.901
77.429
77.140
77.000
76.580
67.893
66.245
66.121
30.212
29.718
29.388
27.863
27.839
25.457
25.234

e e

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\9-C.als

Mon Mar 17 23:41:11 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
448
1.606
1.394
5.0
1H
23.9
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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2.6296

1.9308
1.8976
2.1001

1.1604

1.178983

S —
O —

DFILE
COMNT
DATIM
OBNUC
EXMOD

OBFRQ .

OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\20-H.als

Wed Apr 16 06:47:16 2008
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
23.5 ¢
CDCL3
0.00 ppm
0.06 Hz
15
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131.411
131.279
118.925
118.744

__—201.795
T ~201.193
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30.311
29.891
29.767
29.726

25.424
25.177

MU AN T iy ety oAb g

PPM

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\20-C.als

Wed Apr 16 06:58:25 2008
13C
BCM
75.45 MHz
124.00 KHz
1840.0 Hz
32768
20408.1 Hz
200
1.606 sec
1.394 sec
5.0 us
1H
24.1 ¢
CDCL3
77.00 ppm
0.62 Hz
26
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Ph OEt

o

3h

1104

N O.110%

a

TN PAPRVAVAVAY,

5.9484

2 _NA27

PPM

W ——

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\4-H.als

Mon Jan 14 01:18:35 2008

1H
NON
300.40
130.00
1150.0
32768
6013.2
16
5.449
1.551
5.8
1H
21.6
CDCL3
0.00
0.09
14

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\4-C.als

Sat Dec 01 18:36:51 2007

13C
BCM
75.45 MHz
124.00 KHz
1840.0 Hz
32768
20408.1 Hz
500
1.606 sec
1.394 sec
5.0 us
1H
22.0 c
CDCL3
77.00 ppm
0.62 Hz
26
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DFILE D:\YuRong\2008\3-H.als

COMNT
DATIM Wed Nov 28 14:46:26 2007
(0] OBNUC 1H

EXMOD NON

Ph Ph OBFRQ 300.40 MHz
OBSET 130.00 KHz
OBFIN 1150.0 Hz
POINT 32768
FREQU 6013.2 Hz
SCANS 4
ACQTM 5.449 sec
PD 1.551 sec
PW1l 5.8 us
IRNUC 1H
CTEMP 22.7 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.09 Hz
RGAIN 21
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77.420
77.000

T 133.472
Xz
s

76.571

133.826
T 75.607
—— 69.855

136.884
128.840
128.733

Ph

__~—193.842
TT~192.803

o
/-
= —

o
i @

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\3-C.als

Wed Nov 28 14:42:12 2007

13C
BCM
75.45
124.00
1840.0
32768
20408.1
1640
1.606
1.394
5.0
1H
22.9
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz

S-38


YuRong
文本框
S-38


YuRong
文本框
3i



OEt

3.3203

5.1398

ramaws

o
O 3 -2 2=

rq——
[\S]
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\17~H.als

Wed Apr 16 07:53:17 2008
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
23.3 ¢
CDCL3
0.00 ppm
0.09 Hz
15

S-39


YuRong
文本框
S-39


YuRong
文本框
3j



MRyl

~ < O~
™o om
o N — 0
— O ~ ©
oo 0 W
JWMQ Awmi
0} 0]
OEt
(@]
o/
3]

AR o R ARSI A, Al T o ARG, T s A VTS Ll N A 37 o o U 1% A A A Wb lf)i;({f,?cfg gpussatymms b e,

PPM

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\17-C.als

Wed Apr 16 08:02:14 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
160
1.606
1.394
5.0
1H
23.5
CDCL3
77.00
0.62
26

MHz
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Hz

Hz
sec

secC
us

ppm
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N 1.9355

Ph OEt
(o]

One diasteromer

3k-1

2.9658

N 1.0000

\ L. 27807

.9337

3.8542

2.1705

N —

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\6~1-H.als

Thu Dec 27 11:24:32 2007
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
12
5.449 sec
1.551 sec
5.8 us
1H
21.5 ¢
CDCL3
0.00 ppm
0.12 Hz
19
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200
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Ph OFEt
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3k-1

137.098

133.299
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i B e AN o e Al

-128.543

100

77.420
77.000
76.893
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61.415
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29.668
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o ™M Xl
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i
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i N e DAY AR BT I 00 0 i At W Ay e AP M

75

50

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\6-1-C.als

Thu Dec 27 11:37:44 2007

13C
BCM
75.45
124.00
1840.0
32768
20408.1
230
1.606
1.394
5.0
1H
21.9
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

pprm
Hz
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Ph OEt
o}

The other diasteromer

3k-2

.1707

= 2.0820

FaWaWal
1. UUUU

3.1832

~— 1.0134

6.1276

3.2743

o0 —

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\6-2-H.als

Thu Dec 27 11:51:30 2007

1H
NON
300.40
130.00
1150.0
32768
6013.2
4
5.449
1.551
5.8
1H
22.7
CDCL3
0.00
0.09
17

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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DFILE
COMNT
DATIM

" OBNUC

EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\6-2-C.als

Thu Dec 27 11:49:55 2007

13C
BCM
75.45
124.00
1840.0
32768
20408.1
200
1.606
1.394
5.0
1H
22.9
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

sec
us

ppm
Hz
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Ph OEt

Q422

T

31

{' 0.8231

N L.9487

PPM

o —
-9

o —

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\15-H.als

sSun Mar 23 16:55:39 2008
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
23.7 c
CDCL3
0.00 ppm
0.09 Hz
14
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DFILE D:\YuRong\2008\15-C.als

™ NI NODANDANIFINAOUNNFTOONNOONANONONN ®

o © MOV OEOVNAN~NAM AN AP AAO~NLS TN D M O COMNT

o QUAATINRYERnYYNANIONoOaN N TOVW IS INNG DATIM Wed Apr 16 12:50:58 2008

NN NN OMMDDDDBDOMIMNNAO NN~ 0NN o O OBNUC 13C

N O WOMMMOOMOOMONNNNNNNNNNNNDONNSRICNMWWOWWD

— A A A A A A A A A A A A A A A A A A A EXMOD BCM
OBFRQ 75.45 MHz
OBSET 124.00 KHz
OBFIN 1840.0 Hz
POINT 32768

Ph OEt FREQU 20408.1 Hz

SCANS 140
ACQTM 1.606 sec
PD 1.394 sec
PW1 5.0 us
IRNUC 1H
CTEMP 24.1 c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.62 Hz
RGAIN 26
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Ph OEt

3m

3.6910

L0432

1.1003
0.8239

1.0000

.3695

2.2529

PPM

00—
N

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\16-H.als

Sun Mar 23 15:09:38 2008

1H
NON
300.40
130.00
1150.0
32768
6013.2
16
5.449
1.551
5.8
1H
23.5
CDCL3
0.00
0.09
14

MHz
KHz
Hz

Hz
sec

sec
us

ppm
Hz
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168.021
166.990
136.439
135.779
135.557

137.156

Y

3m

128.626

128.510
125.049

124.876
77.429
77.000
76.580
74.536
73.810
63.261
63.212
61.555
61.440
61.308
60.253

134.345
133.908
133.546
133.109
128.906
128.444
126.977
126.928
126.161

=

NN

st

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\16-C.als

Sun Mar 23 17:07:46 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
200
1.606
1.394
5.0
1H
23.9
CDCL3
77.00
0.62
28

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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< 2.0000

DFILE D:\YuRong\2008\10-H.als
COMNT
DATIM Sun May 04 21:57:47 2008
OBNUC 1H
EXMOD NON
OBFRQ 300.40 MHz
OBSET 130.00 KHz
OBFIN 1150.0 Hz
POINT 32768
FREQU 6013.2 Hz
SCANS 16
ACQTM 5.449 sec
PD 1.551 sec
PW1l 5.8 us
IRNUC 1H
CTEMP 22.7 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 15
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6.4182

\ 1.1122

"E‘\\ 0.7159

0.7720

0.7969

TN\ 47951

PPM

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\7-H.als

1

Mon Dec 17 18:28:43 2007

1H
NON
300.40
130.00
1150.0
32768
6013.2
16
5.449
1.551
5.8
1H
22.7
CDCL3
0.00
0.12
15

MHz
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Hz

Hz
sec

secC
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ppm
Hz
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\7-C.als

1

Mon Dec 17 18:21:22 2007

13C
BCM
75.45
124.00
1840.0
32768
20408.1
260
1.606
1.394
5.0
1H
22.9
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
secC

sec
us

ppm
Hz
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\12-1H.als

Sat Apr 26 22:29:17 2008
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
23.1 ¢
CDCL3
0.00 ppm
0.09 Hz
20
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—192.754
—166.257
138.359
136.974
133.496
128.865
128.642
128.485
128.354
127.900
13.671

One diasteromer

AL N e s bm s S b oo S e o) VPR

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\12-1C.als

Sat Apr 26 22:24:57 2008
13C
BCM
75.45 MHz
124.00 KHz
1840.0 Hz
32768
20408.1 Hz
800
1.606 sec
1.394 sec
5.0 us
1H
23.5 ¢
CDCL3
77.00 ppm
0.62 Hz
26

S-54



YuRong
文本框
S-54


YuRong
文本框
3p-1



Ph

o)

Ph™ O

The other diasteromer

7.7896

~ 1.9594

A
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SESVRRT I N

3p-2

OEt
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20000
TOUOUY

3.0996

PPM

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

ON/KSWOBQ/Noow/Hwnmm.mHm

Tue Apr 15 14:30:22 2008
1H

NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
23.5 ¢
CDCL3
0.00 ppm
0.09 Hz
20
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e

192.053

—167.345
138.425
136.224

o]
Ph

Ph™ O

133.505

OEt

-

The other diasteromer

3p-2

128.584

128.485

128.304
128.222

127.876

LY

14.050

R S L e

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

Du/Mcwono/woom/lewo.mwm

Tue Apr 15 14:27:12 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
400
1.606
1.394
5.0
1H
24.0
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz

S-56


YuRong
文本框
S-56


YuRong
文本框
3p-2



2_A7cC

DFILE D:\YuRong\2008\11-H-80.als
COMNT
DATIM Thu May 08 15:36:44 2008
OBNUC 1H
EXMOD NON
OBFRQ 300.40 MHz
OBSET 130.00 KHz
Ph OEt OBFIN 1150.0 Hz
P POINT 32768
Ph O Ph FREQU 6013.2 Hz
SCANS 16
ACQTM 5.449 sec
MAH PD 1.551 sec
PW1 5.8 us
IRNUC 1H
CTEMP 22.7 ¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.09 Hz
RGAIN 15
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5
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o —

S-57



YuRong
文本框
S-57


YuRong
文本框
3q



WNdd

)
=
©
=
W
- =
O
y o
o @
>
e -
] -
L
= -
{
£ .
TOWEHNOQHYY YWY
QXY IFTOQQWO
R ) é e A C)E = A
H 3] = c =] 0 =
2 300 2naA3
@] —
|w) jas]
(@]
[na]
w N
o
~ e o> w
o N . . oN
o . w U1 W o) i O ]
N oyO . OO O
NN O (6] OO PR
jaoiio] (e} cnn jas}
N T n O o N
=] Q0

S-58

192
:ﬁ££:192

167.
166.
138.
137.

137

137.
136.
133.
133.

128

128

128

127

77
76

A NN T T

61

13

A

NIJZHO
L3S0
0¥ado
WOd dOWXH
ONNdO

ZH 0°0¥%8T
O€T
8002 8€:LT1:6T 80 ABW nNUL RWIIYQ

ZHY 00°¥%ZT
ZHW S%°SL

128.

128.
128.
128.
128.

128.
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127.
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62.
61.
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13.

.762
.012
254
315
507
831
.675
090
175
472
373
.815
576
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461
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297
420
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720
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Ph OEt

S

One diasteromer

3r-1

~
O
[e)}

3.1806

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\28-1H.als

Sat Apr 19 15:02:10 2008
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
24.0 c
CDCL3
0.00 ppm
0.09 Hz
17
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153.998

|
|

—168.045

Ph

S

OEt

One diasteromer

3r-1

I ]
ir;zfz(x?)i{,ssx.}t&t}.?i\lwx.),...}r..).»X.‘rx‘f.sr?p?é;{{‘xirs))%fiiw‘:, N f??{(trzéf?t:}(ﬂ....(_‘..4.,.\7«.2\»«};,\5&3&‘26» A AR

136.373
133.785

-
<

128.865
128.766

128.626

77.429
77.000
76.580

m——

—— 32.273

_— 34.984
T~~~ 30.146

13.927

f Mty e d U Wb U ot AP

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\28-1C.als

Sat Apr 19 15:48:26 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
100
1.606
1.394
5.0
1H
24.7
CDCL3
77.00
0.62
27

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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Ph

The other diasteromer

S Z.0000

S

3r-2

OEt

&-8660

3.1745

3.5449

1.3530

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\28-2H.als

Sat Apr 19 15:07:03 2008

1H
NON
300.40
130.00
1150.0
32768
6013.2
16
5.449
1.551
5.8
1H
24.0
CDCL3
0.00
0.09
16

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\28-2C.als

Sat Apr 19 15:41:46 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
220
1.606
1.394
5.0
1H
24.5
CDCL3
77.00
0.62
28

MHz
KHz
Hz

Hz
secC

secC
us

ppm
Hz
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Ph Ph

3s

4.1674

anas

.4003

0.9479
1.0042
1.4075

\ 1.0000

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\29-H.als

Mon May 05 00:19:49 2008
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
12
5.449 sec
1.551 sec
5.8 us
1H
23.0 ¢
CDCL3
0.00 ppm
0.09 Hz
18
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\29-C.als

Mon May 05 00:16:25 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
240
1.606
1.394
5.0
1H
23.0
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

pprm
Hz
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Ph

One diasteromer

2.0334

3.2947

f —__ 3.1854

2.1734

L, 1.0000

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\31~-1H.als

Sat Apr 26 22:36:19 2008
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
23.1 c
CDCL3
0.00 ppm
0.09 Hz
22
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194.888

Ph
S

One diasteromer

3t-1

134.040

128.980
128.584
126.969

128.931

_J/r_
<

| |

47.594
35.347
32.528
29.998
28.275

f
|
i
|
7
|

! _-_
L SN SR

PPM

_________ﬂ_____ﬁ_aj
75 50 25 0

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1l
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\31-1C.als

Mon May 05 01:01:26 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
480
1.606
1.394
5.0
1H
23.2
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

ppm
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DFILE D:\YuRong\2008\31-2H.als

COMNT
DATIM Sat Apr 26 22:42:33 2008
0O @) OBNUC 1H
EXMOD NON
Ph OBFRQ 300.40 MHz
OBSET 130.00 KHz
OBFIN 1150.0 Hz
POINT 32768
The other diasteromer FREQU 6013.2 Hz
SCANS 16
3t-2 ACQTM 5.449 sec
PD 1.551 sec
PW1 5.8 us
IRNUC 1H
CTEMP 23.1 c
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.09 Hz
RGAIN 21
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200 150 50 0

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWl
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\31-2C.als

Mon May 05 01:37:55 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
510
1.606
1.394
5.0
1H
23.2
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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OEt

3u

ja¥aWaVal

3.4164
3.3872

PPM

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\30-H.als

Mon May 05 00:35:49 2008

1H
NON
300.40
130.00
1150.0
32768
6013.2
16
5.449
1.551
5.8
1H
22.5
CDCL3
0.00
0.09
14

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\30-C.als

Mon May 05 00:32:35 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
200
1.606
1.394
5.0
1H
23.2
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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2.0311
.4331
25&237

1.0000

3.2566

3.4324

o0 —

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\33-H.als

Wed May 07 15:26:40 2008

1H
NON
300.40
130.00
1150.0
32768
6013.2
16
5.449
1.551
5.8
1H
22.9
CDCL3
0.00
0.09
20

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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194.559
168.672
148.158
136.208
128.568
112.332
77.371
76.951
76.530

128.642
— 39.179

—116.881
— 61.605

—— 13.853

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\2008\33-C.als

Wed May 07 15:20:31 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
1600
1.606
1.394
5.0
1H
23.7
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
sec

secC
us

ppm
Hz
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THF-dg + _u:\__/\F ot

1.0 mL

3.2416

o O

0.25mmol

10 mol% Fe,(CO)q
3.0 eq'BuOO!Bu

reflux, 10h

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\R400-H.als

Tue Mar 04 23:06:12 2008
1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
22.1 ¢
CDCL3
0.00 ppm
0.09 Hz
17
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o o 10 mai% Fe,(CO)q Ph p OFt
.—.I—unﬂm + Ujiomﬁ 30 eq ﬁmcoonw..._ > D o)
reflux, 10h D D
1.0mL 0.25mmol
D D

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\R400-C.als

Tue Mar 04 23:22:54 2008

13C
BCM
75.45
124.00
1840.0
32768
20408.1
300
1.606
1.394
5.0
1H
22.9
CDCL3
77.00
0.62
26

MHz
KHz
Hz

Hz
secC

secC
us

pprm
Hz
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0O 0
10 mol% Fe,(CO) Ph
O o0 2 9 OEt
t
THF  + THF.dg + 3\:/\:/ 30eq'Bu00Bu . Ph CEt D P
0.5mL  0.5mL OEt  reflux, 10n o S o_u
0.25mmol 5 |
(- — ;w W
|
54 . 1 m
© H
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N
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\R401-H.als

Tue Mar 04 22:45:20 2008

1H
NON
300.40 MHz
130.00 KHz
1150.0 Hz
32768
6013.2 Hz
16
5.449 sec
1.551 sec
5.8 us
1H
22.3 ¢
CDCL3
0.00 ppm
0.09 Hz
15
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@1 < f/\Y ffft\ 4 2 <
t
10 mol% Fe,(CO),q R OEt
THE + THF-dy + \m/\w/ 30eq'BuOOBU  Ph OEt
Ph OEt reflux, 10h P
0.5mL 0.5mL D
0.25mmol f\ D
—
! 5.4
[
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f hkfit%il}f §§§§§§§ e (ii%ﬁi; S o %
PPM
___ﬁ___ﬂ_______________ﬂ___ _ ___ [
200 175 150 125 100 75 50 25

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

D:\YuRong\R401-C.als

Tue Mar 04 22:58:58 2008
13C
BCM
75.45 MHz
124.00 KHz
1840.0 Hz
32768
20408.1 Hz
260
1.606 sec
1.394 sec
5.0 us
1H
. 22.9 ¢
CDCL3
77.00 ppm
1.20 Hz
26
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