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Experimental Section

General. Melting points are uncorrected. IR spectra were taken with FT/IR spectrophotometer.
'H NMR spectra were run at 400 MHz. Chemical shifts are expressed in parts per million downfield
from tetramethylsilane as an internal standard. *C NMR spectra were recorded at 100 MHz using
broadband proton decoupling. Chemical shifts are expressed in parts per million downfield from
tetramethylsilane, using the middle resonance of CDCl; (77.0 ppm) as an interna standard. High
performance liquid chromatograpr(%/ was performed with chiral column shown below. For preparative
column chromatography, Wakogel™ C-300HG was em(gl oyed. Medium-pressure liquid chromatography
was carried out using a column packed with Wakogel™ C-300HG. All reactions were carried out under
an argon atmosphere in dried glassware.

Materials.  o-(Methoxycarbonyl)-o-diazoacetophenone (1) and o-(isopropoxycarbonyl)-a.-
diazoacetophenone (7) was prepared by the procedure in the previous paper.! Benzyloxyacetaldehyde
(3a) and its derivatives 3b — 3f were prepared according to the procedure in the literatures.?> Benzyl
pyruvate (5b) and its derivatives 5¢c — 5g and 5k were prepared by the procedure in the literature® 3-
methyl-2-oxobutanoate 5h and 5i were prepared from 3-methyl-2-oxobutanoic acid sodium salt and
corresponding benzyl bromide by the procedure in the literature® Benzyl glyoxylate (51) and diethyl
oxomalonate (5m) were prepared by the procedure in the literature* 3-Acryloyl-2-oxazolidinone (9)
was prepared according to the procedure in the literature® Methyl pyruvate (5a), methyl
benzoylformate (5j), Rhy(OAC)4, Sc(OTf)s and lanthanide triflates were commercially available, and
used without further purification. 2,6-Bis(oxazolinyl)pyridines (Pybox) were prepared by the procedure
in the literatures.® Powdered 4A molecular sieves was commercially available and dried by in vacuo at
250 °C for 12 h before use. CH,Cl, was purified by distillation first from CaCl, and then CaH, under
argon. THF was freshly distilled from a sodium benzophenone still under argon.

General Procedure for the Reaction of a-Diazoacetophenone 1 with Benzyloxyacet-
aldehyde (3a) or Its Derivatives 3b — 3f: A solution of 2,6-big[(4S)-(-)-4-isopropyl-2-oxazolin-2-
yl]pyridine ((S,S)-Pybox-i-Pr, 15.1 mg, 0.05 mmol) in CH,Cl, (1.5 mL) was added to a suspension of
Sc(OTf)3 (24.6 mg, 0.05 mmol) and powdered 4A molecular sieves (MS 4A, 0.50 g) in CH,Cl, (1 mL).
After stirring the mixture for 2 h, a solution of benzyloxyacetaldehyde (3a) or its derivatives (1.0 mmol)
in CH,Cl, (2.5 mL) and Rhy(OACc)4 (4.4 mg, 0.01 mmol) were successively added. The mixture was
cooled to —10 °C, and then a solution of diazoacetophenone 1 (102.1 mg, 0.5 mmol) in CH,Cl, (5 mL)
was added over a period of 1 h. After remova of MS 4A through celite, the reaction mixture was
filtered through a plug of silica gel (3 cm) with AcOEt/hexane (1:1, 80 mL) as an euent. The solvent
was removed in vacuo to give the mixture, which was purified by medium pressure liquid
chromatography (MPLC) (silicagel, 1:99 — 5:95 AcOEt/hexane).

7-Exo-(benzyloxy)methyl-5-methoxy-6,8-dioxabenzo[ c]bicyclo[3.2.1]octan-2-one  (ex0-4a)
and 7-Endo-(benzyloxy)methyl-5-methoxy-6,8-dioxabenzo[c]bicyclo[3.2.1]octan-2-one (endo-4a).
Benzyloxyaectaldehyde (3a, 150.2 mg, 140 uL, 1.0 mmol) was used according to the

3 Meo , general procedure. Purification by MPLC (3:97 AcOEt/hexane) gave 18.7 mg (11%)
o : of exo-4a and 139.2 mg (85%) of endo-4a. Exo-4a: Colorless oil; IR (Neat) 2953,
1 oBn 2858, 1709, 1603, 1458, 1296, 1258, 1215, 1161, 1084, 1046, 951, 764, 748, 700 c’
© 1 1H NMR (400 MHz, CDCls) 8 = 3.65 (3H, ), 3.69 (1H, dd, J = 6.6, 9.7 Hz), 3.75

(1H, dd, J = 5.6, 9.7 Hz), 4.04 (1H, dd, J = 5.6, 6.6 Hz), 4.62 (2H, 5), 4.82 (1H, 9), 7.28 — 7.40 (5H, m),
7.45 — 7.53 (1H, m), 7.61 — 7.67 (2H, m), 8.00 (1H, d, J = 7.6 Hz); *C NMR (CDCl3, 100 MHz) & =

S2



Supporting Information

49.7, 69.9, 72.8, 73.5, 81.4, 118.6, 122.6, 126.6, 127.7, 127.9, 128.2, 128.5, 129.3, 134.6, 137.6, 142.5,
192.9; MS (El) m/z = 327 (M*+1), 296, 205, 163, 133, 105, 65, 37, HRMS (El) Found: 326.1126.
Calcd for CigH180s (M¥): 326.1153; Ry = 0.42 (2:3 AcOEt/hexane). Endo-4a: Colorless prisms (ether—
hexane); mp = 67 — 69 °C; [a]p® = =102 ° (¢ 0.96, CHCl5); IR (KBr) 2957, 2895, 1711, 1603, 1456,
1379, 1318, 1287, 1248, 1217, 1157, 1090, 1049, 1026, 1007, 976, 947, 889, 752, 704, 594 cm'*; *H
NMR (CDCl3, 400 MHz) 6 = 3.30 (1H, dd, J = 6.3, 10.7 Hz), 3.46 (1H, dd, J = 4.1, 10.7 Hz), 3.68 (3H,
s), 4.32 (1H, d, J = 12.0 Hz), 4.42 (1H, d, J = 12.0 HZ), 4.60 — 4.65 (1H, m), 4.96 (1H, d, J = 5.6 Hz),
7.18 — 7.30 (5H, m), 7.41 — 7.44 (1H, m), 7.57 — 7.66 (2H, m), 7.92 (1H, d, J = 7.8 Hz); **C NMR (100
MHz, CDCl3) & = 49.6, 68.0, 73.5, 74.8, 81.7, 118.1, 122.6, 126.2, 127.7, 127.8, 128.3, 129.1, 129.3,
134.3, 137.3, 143.7, 192.4; HRMS (El) Found: 326.1163. Calcd for CigH150s (M*): 326.1153. R, =
0.35 (2:3 AcOEt/hexane). The enantiomeric excess was determined by HPLC anaysis (DAICEL
Chiralpak® AS, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C). Exo-isomer: tg = 13.7 min
(minor) and 16.7 min (mgjor). Endo-isomer: tg = 12.3 min (minor) and 13.6 min (major).

5-M ethoxy-7-exo-[(0-methoxybenzyl)oxy]methyl-6,8-dioxabenzo[ c]bicyclo[ 3.2.1] octan-2-
one (exo-4b) and 5-Methoxy-7-endo-[(o-methoxybenzyl)oxy]methyl-6,8-dioxabenzo[c]bicyclo-
[3.2.1]octan-2-one (endo-4b). [(o-Methoxybenzyl)oxy]aectaldehyde (3b, 164.2 mg, 1.0 mmol) was

OMe used according to the general procedure. The reaction mixture was quenched
> OO 7 by addition of NEt; (1.0 mL) and stirred for additional 1 h. Purification by
@ MPLC (5:95 AcOEt/hexane) gave 21.4 mg (12%) of exo-4b and 124.6 mg

© (70%) of endo-4b. Exo-4b: Colorless prisms (ether—hexane); mp = 76 — 78.5

© ome °C; IR (KBr) 3073, 3034, 3009, 2961, 2942, 2909, 2890, 2876, 2839, 1711,

1603, 1591, 1499, 1483, 1466, 1441, 1410, 1373, 1290, 1273, 1253, 1213, 1159, 1140, 1105, 1088,
1061, 1049, 1020, 966, 949 cm'™*; 'H NMR (400 MHz, CDCl3) & = 3.66 (3H, s), 3.74 (1H, dd, J = 6.9,
9.9 Hz), 3.81 (1H, dd, J = 5.4, 9.9 Hz), 3.84 (3H, 9), 4.06 (1H, dd, J = 5.4, 6.9 Hz), 4.66 (2H, ), 4.85
(1H, s), 6.87 —6.98 (2H, m), 7.26 — 7.39 (2H, m), 7.46 — 7.50 (1H, m), 7.61 — 7.63 (2H, m), 8.00 (1H, d,
J = 7.8 Hz); MS (El) m/z = 357 (M"+1), 327, 298, 205, 163, 121, 91, 65, 27; HRMS (El) Found:
356.1254. Calcd for CooHz006 (M¥): 356.1259; R, = 0.51 (3:7 AcOEt/hexane). Endo-4b: Colorless
prisms (ether—hexane); mp = 97.5 —99.5 °C; [a]p?® = —92 ° (¢ 0.96, CHCl5); IR (KBr) 3002, 2959, 2926,
2895, 2870, 2843, 1705, 1603, 1495, 1462, 1441, 1373, 1314, 1294, 1244, 1227, 1159, 1136, 1190,
1076, 1051, 1028, 974, 953, 943 cm'™*; *H NMR (400 MHz, CDCl3) & = 3.32 (1H, dd, J = 6.8, 10.9 Hz),
3.49 (1H, dd, J = 4.1, 10.9 Hz), 3.68 (3H, s), 3.76 (3H, ), 4.40 (1H, d, J = 12.6 HZ), 4.48 (1H, d, J =
12.6 Hz), 4.63 -4.67 (1H, m), 4.97 (1H, d, J = 5.6 Hz), 6.80 — 6.89 (2H, m), 7.16 — 7.24 (2H, m), 7.42 —
7.46 (1H, m), 7.58 — 7.66 (2H, m), 7.93 (1H, d, J = 7.8 Hz); MS (El) m/z = 356 (M"), 339, 324, 308,
221, 205, 177, 163, 149, 138, 121, 105, 91, 77, 56, 41, 27, 17, HRMS (EI) Found: 356.1249. Calcd for
CaoH2006 (M™): 356.1259; R, = 0.45 (3:7 AcOEt/hexane). The enantiomeric excess was determined by
HPLC analysis (DAICEL Chiralpak® AS, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C). Exo-
isomer: tg = 13.2 min (minor) and 15.0 min (major). Endo-isomer: tg = 13.7 min (minor) and 16.3 min
(major).

5-M ethoxy-7-exo-[(p-methoxybenzyl)oxy] methyl-5-methoxy-6,8-dioxabenzo[ c] bicyclo-
[3.2.1]octan-2-one (exo-4c) and 5-M ethoxy-7-endo-[(p-methoxybenzyl)oxy]methyl-6,8-dioxabenzo-
[c]bicyclo[3.2.1]octan-2-0ne (endo-4c). [(p-Methoxybenzyl)oxy]aectaldehyde (3c, 164.2 mg, 1.0
mmol) was used according to the general procedure. The reaction mixture was quenched by addition of
NEt; (1.0 mL) and stirred for additional 1 h. Purification by MPLC (5:95 AcOEt/hexane) gave 8.6 mg
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OMe (5%) of exo-4¢c and 85.5 mg (48%) of endo-4c. Exo-4c. Colorless ail;
<7 ome 'R (Neat) 2955, 2859, 1709, 1607, 1514, 1460, 1294, 1254, 1215, 1161,

4 (I) 1101, 1084, 1065, 1032, 951 cm™*; *H NMR (400 MHz, CDCl5) & = 3.64
o (3H, 9), 3.65 (1H, dd, J = 6.8, 9.8 Hz), 3.72 (1H, dd, J = 5.5, 9.8 H2),

3.81 (3H, 9), 4.02 (1H, dd, J = 5.5, 6.8 Hz), 4.55 (2H, s), 4.80 (1H, s),
6.89 (2H, d, /= 8.3 Hz), 7.27 (2H, d, J = 8.3 Hz), 7.46 — 7.50 (1H, m), 7.61 — 7.63 (2H, m), 7.99 (1H, d,
J=7.8Hz); MS (El) m/z =356 (M"), 205, 163, 135, 105, 84, 55, 35, 14; HRMS (El) Found: 356.1228.
Caled for CaoH2006 (M¥): 356.1259; Ry = 0.48 (3:7 AcOEt/hexane). Endo-4c: Colorless prisms (ether—
hexane); mp = 75 — 77 °C; [a]p®® = —80 ° (¢ 1.02, CHCl3); IR (KBr) 3034, 2994, 2955, 2924, 2863,
2849, 2834, 2807, 1705, 1605, 1588, 1512, 1468, 1458, 1441, 1414, 1372, 1314, 1294, 1244, 1223,
1171, 1155, 1127, 1103, 1076, 1057, 1034, 1013, 976, 951, 889, 841, 816 cm™; *H NMR (400 MHz,
CDCls3) 6 = 3.26 (1H, dd, J = 6.6, 10.7 Hz), 3.41 (1H, dd, J = 4.4, 10.7 Hz), 3.68 (3H, s), 3.78 (3H, 9),
4.25 (1H, d,J = 11.5Hz), 4.36 (1H, d, J = 11.5 Hz), 4.59 — 4.63 (1H, m), 4.95 (1H, d, J = 5.6 Hz), 6.81
(2H, d,J=8.3Hz), 7.13 (2H, d, J = 8.3 Hz), 7.42 - 7.45 (1H, m), 7.58 — 7.66 (2H, m), 7.93 (1H, d, J =
7.6 Hz); MS (EI) m/z = 371 (M™+1), 358, 338, 320, 306, 279, 263, 253, 235, 221, 205, 188, 175, 164,
149, 136, 122, 105, 89, 78, 65, 52, 39, 28; HRMS (EI) Found: 356.1246. Calcd for CyH200s (M7):
356.1259; Ry = 0.42 (3:7 AcOEt/hexane). The enantiomeric excess was determined by HPLC analysis.
Exo-isomer (DAICEL Chiralpak® AS, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tz = 27.9
min (major) and 42.5 min (minor). Endo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow
rate = 0.5 mL/min, 35 °C): tg = 24.5 min (minor) and 27.5 min (major).

7-Exo-[(p-fluor obenzyl)oxy]methyl-5-methoxy-6,8-dioxabenzo[ c]bicyclo[ 3.2.1]]octan-2-one
(exo-4d) and 7-Endo-[(p-fluor obenzyl)oxy]-5-methoxy-6,8-dioxabenzo[ c]bicyclo[3.2.1]octan-2-one
(endo-4d). [(p-Fluorobenzyl)oxy]aectaldehyde (3d, 168.2 mg, 1.0 mmol) was used according to the
oMe genera procedure. Purification by MPLC (5:95 AcOEt/hexane) gave 29.4
s—0 mg (17%) of exo-4d and 139.2 mg (80%) of endo-4d. Exo-4d: Colorless
© lﬁF oil; IR (Neat) 2955, 2863, 1711, 1603, 1510, 1460, 1294, 1260, 1223, 1159,
1084, 1065, 1046, 1028, 951, 828 cm™; *H NMR (400 MHz, CDCl3) & =
© 3.65 (3H, ), 3.69 (1H, dd, J = 6.6, 9.6 Hz), 3.74 (1H, dd, J = 5.6, 9.6 HZz),
4.03 (1H, dd, J = 5.6, 6.6 Hz), 4.58 (2H, s), 4.81 (1H, s), 6.99 — 7.07 (2H, m), 7.21 —7.34 (2H, m), 7.47
—7.51 (1H, m), 7.62 — 7.66 (2H, m), 8.00 (1H, d, J = 7.6 Hz); MS (EI) m/z = 345 (M*+1), 314, 294, 267,
239, 206, 164, 133, 109, 83, 57, 28; HRMS (El) Found: 344.1076. Calcd for CioH17FOs (M™):
344.1059; Ry = 0.46 (3:7 AcOEt/hexane). Endo-4d: Colorless needles (ether—hexane); mp = 112 —
114 °C; [a]p® = —98 ° (¢ 1.00, CHCl5); IR (KBr) 2963, 2919, 2897, 2857, 1709, 1603, 1512, 1460, 1447,
1379, 1318, 1292, 1248, 1223, 1155, 1132, 1092, 1073, 1049, 1026, 1007, 974, 947, 891, 858, 839 cm';
'H NMR (400 MHz, CDCl3) & = 3.31 (1H, dd, J = 6.3, 10.7 Hz), 3.46 (1H, dd, J = 4.4, 10.7 Hz), 3.68
(3H,9),4.28 (1H, d,J=11.7 Hz), 4.36 (1H, d, J = 11.7 Hz), 4.62 (1H, m), 4.96 (1H, d, J = 5.6 Hz), 6.93
—6.97 (2H, m), 7.13-7.17 (2H, m), 7.41 — 7.45 (1H, m), 7.58 — 7.66 (2H, m), 7.90 (1H, d, J = 7.6 H2);
MS (El) m/z = 345 (M*+1), 314, 294, 267, 239, 202, 177, 133, 105, 75, 50, 14; HRMS (El) Found:
344.1068. Calcd for CioH17FOs (M™): 344.1059; R, = 0.39 (3:7 AcOEt/hexane). The enantiomeric
excess was determined by HPLC analysis. Exo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane,
Flow rate = 0.5 mL/min, 35 °C): tg = 20.1 min (minor) and 25.1 min (major). Endo-isomer (DAICEL
Chiralpak® AS, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 14.2 min (minor) and 16.1
min (major).
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7-Exo-[(p-chlor obenzyl)oxy]methyl-5-methoxy-6,8-dioxabenzo[ c]bicyclo[ 3.2.1] octan-2-one
(exo-4e) and 7-Endo-[(p-chlor obenzyl)oxy]methyl-5-methoxy-6,8-dioxabenzo[c]bicyclo[3.2.1]-
octan-2-one (endo-4€). [(p-Chlorobenzyl)oxy]acetaldehyde (3e, 184.6 mg, 1.0 mmol) was used
according to the genera procedure. The reaction mixture was quenched by

e addition of NEt; (1.0 mL) and stirred for additional 1 h. Purification by
0 ¢l MPLC (5:95 AcOEt/hexane) gave 40.7 mg (23%) of exo-4e and 111.5 mg
1 é (62%) of endo-4e. Exo-4e: Colorlessoil; IR (Neat) 2953, 2863, 1711, 1603,
o) 1493, 1460, 1296, 1260, 1217, 1161, 1088, 1065, 1047, 1026, 951 cm™; 'H

NMR (400 MHz, CDCl3) 6 = 3.65 (3H, s), 3.69 (1H, dd, J = 6.6, 9.8 Hz), 3.74 (1H, dd, J = 5.6, 9.8 Hz),
4.04 (1H, dd, J = 5.6, 6.6 Hz), 4.58 (2H, s), 4.81 (1H, s), 7.28 (2H, d, /= 8.2 Hz), 7.33 (2H, d, J = 8.2
Hz), 7.47 - 7.51 (1H, m), 7.62 — 7.63 (2H, m), 8.00 (1H, d, J = 7.6 HZ); MS (El) m/z = 361 (M*+1), 330,
310, 275, 247, 205, 177, 139, 111, 75, 50, 28; HRMS (El) Found: 360.0782. Calcd for Ci9H17ClOs
(M™): 360.0763; R, = 0.59 (3 : 7 AcOEt/hexane). Endo-4e. Colorless needles (ether—hexane); mp =
103 — 106 °C; [a]p”® = =77 ° (¢ 1.00, CHCl3); IR (KBr) 2957, 2897, 2855, 1709, 1601, 1495, 1476, 1458,
1408, 1381, 1316, 1292, 1248, 1219, 1155, 1134, 1090, 1073, 1049, 1017, 974, 945, 891 cm'*; *H NMR
(400 MHz, CDCl3) 6 = 3.31 (1H, dd, J = 6.3, 10.7 Hz), 3.46 (1H, dd, J = 4.4, 10.7 Hz), 3.68 (3H, ),
4.28 (1H, d, J = 12.0 Hz), 4.36 (1H, d, J = 12.0 Hz), 4.59 — 4.64 (1H, m), 4.96 (1H, d, J = 5.6 Hz), 7.10
(2H, d,J=8.3Hz), 7.23 (2H, d, J = 8.3 Hz), 7.40 — 7.44 (1H, m), 7.58 — 7.66 (2H, m), 7.90 (1H, d, J =
7.6 Hz); MS (El) m/z = 361 (M*+1), 330, 310, 275, 255, 220, 188, 164, 127, 90, 63, 39, 14, HRMS (El)
Found: 360.0766. Calcd for CigHi7ClOs (MY): 360.0763; Ry = 0.53 (3:7 AcOEt/hexane). The
enantiomeric excess was determined by HPLC analysis (DAICEL Chiralpak® AS, 1:19 i-PrOH/hexane,
Flow rate = 0.5 mL/min, 35 °C). Exo-isomer: tg = 15.9 min (minor) and 18.8 min (mgjor). Endo-
isomer: tg = 13.7 min (minor) and 15.7 min (major).

7-Exo-[(p-bromobenzyl)oxy]methyl-5-methoxy-6,8-dioxabenzo[ c]bicyclo[ 3.2.1] octan-2-
one (exo-4f) and 7-Endo-[(p-bromaobenzyl)oxy]methyl-5-methoxy-6,8-dioxabenzo[c]bicyclo[3.2.1]-
octan-2-one (endo-4f). [(p-Bromobenzyl)oxy]acetaldehyde (3f, 229.1 mg, 1.0 mmol) was used
according to the general procedure. The reaction mixture was quenched by
M addition of NEt; (1.0 mL) and stirred for additional 1 h. Purification by
o Br  MPLC (5:95 AcOEt/hexane) gave 56.8 mg (28%) of exo-4f and 98.0 mg
1 éﬁ (49%) of endo-4f. Exo-4f. Colorlessoil; IR (Neat) 2953, 2859, 1713, 1603,
o) 1487, 1460, 1294, 1260, 1217, 1161, 1084, 1046, 951 cm™*; *H NMR (400
MHz, CDCl3) 6 = 3.65 (3H, s), 3.69 (1H, dd, J = 6.6, 9.8 Hz), 3.74 (1H, dd,
J=5.6,9.8Hz),4.03 (1H, dd, J = 5.6, 6.6 Hz), 4.57 (2H, s), 4.81 (1H, s), 7.23 (2H, d, J = 8.0 HZz), 7.48
—7.50 (3H, m), 7.62 — 7.63 (2H, m), 8.00 (1H, d, J = 7.6 Hz); MS (El) m/z = 406 (M*+2), 388, 374, 356,
344, 329, 315, 301, 220, 205, 188, 177, 163, 133, 120, 105, 90, 77, 63, 50, 39, 26, 14; HRMS (El)
Found: 404.0276. Calcd for CigH17BrOs (M™): 404.0259; R, = 0.42 (3:7 AcOEt/hexane). Endo-4f:
Colorless needles (ether—hexane); mp = 83 — 86 °C; [a]p® = —58 ° (¢ 1.01, CHCl5); IR (KBr) 2955,
2895, 1709, 1599, 1489, 1458, 1402, 1379, 1314, 1290, 1248, 1217, 1155, 1134, 1090, 1073, 1049,
1024, 1012, 974, 945, 891, 839, 806 cm™; *H NMR (400 MHz, CDCls3) & = 3.31 (1H, dd, J = 6.3, 10.7
Hz), 3.46 (1H, dd, J = 4.4, 10.7 Hz), 3.68 (3H, ), 4.26 (1H, d, J = 12.0 Hz), 4.35 (1H, d, J = 12.0 HZ),
4.60 — 4.64 (1H, m), 4.96 (1H, d, J = 5.6 Hz), 7.04 (2H, d, J = 8.3 Hz), 7.39 (2H, d, J= 8.3 Hz), 7.41 —
7.45 (1H, m), 7.58 — 7.66 (2H, m), 7.90 (1H, d, J = 7.8 Hz); MS (El) m/z = 406 (M*+2), 374, 356, 329,
301, 275, 247, 220, 205, 188, 169, 157, 146, 133, 119, 105, 89, 76, 63, 50, 39, 27, 14; HRMS (El)
Found: 404.0280. Calcd for CioHi7BrOs (M*): 404.0259; R, = 0.38 (3:7 AcOEt/hexane). The
enantiomeric excess was determined by HPLC analysis (DAICEL Chiralpak® AS, 1:19 i-PrOH/hexane,
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Flow rate = 0.5 mL/min, 35 °C). Exo-isomer: tg = 17.3 min (minor) and 21.4 min (mgjor). Endo-
isomer: tgr = 14.6 min (minor) and 17.2 min (major).

General Procedure for the Reaction of a-Diazoacetophenone 1 with a-Keto Ester
Derivatives 5a — 5l: A solution of 2,6-big[(4S)-(—)-4-isopropyl-2-oxazolin-2-yl]pyridine ((S,S)-Pybox-
i-Pr, 15.1 mg, 0.05 mmol) in CH,Cl, (1.5 mL) was added to a suspension of Sc(OTf)s (24.6 mg, 0.05
mmol) and powdered 4A molecular sieves (MS 4A, 0.50 g) in CHxCl, (1 mL). After stirring the
mixture for 2 h, a solution of a-keto ester (1.0 mmol) in CH,Cl, (2.5 mL), Rhy(OAc)s (4.4 mg, 0.01
mmol) and trifluoroacetic acid (1M solution in CH,Cl,, 50 mL, 0.05 mmol) were successively added.
The mixture was cooled to —25 °C, and then a solution of diazoacetophenone 1 (102.1 mg, 0.5 mmol) in
CH.Cl, (5 mL) was added over a period of 1 h. After removal of MS 4A through celite, the reaction
mixture was filtered through a plug of silica gel (3 cm) with AcOEt/hexane (1:1, 80 mL) as an eluent.
The solvent was removed in vacuo to give the mixture, which was purified by medium pressure liquid
chromatography (MPLC) (silicagel, 1:99 — 5:95 AcOEt/hexane).

5-M ethoxy-7-exo-methoxycar bonyl-7-endo-methyl-6,8-dioxabenzo[ c]bicyclo[ 3.2.1] octan-
2-one (exo-6a) and 5-Methoxy-7-endo-methoxycar bonyl-7-exo-methyl-6,8-dioxabenzo[ c]bicyclo-
[3.2.1]octan-2-one (endo-6a). Methyl pyruvate (5a, 102.1 mg, 90 uL, 1.0 mmol) was used according

OMe to the general procedure. Purification by MPLC (3:97 — 5:95 AcOEt/hexane) gave

5:,,,00 n.come 129.6 mg (94%) of exo-6a and 5.2 mg (4%) of endo-6a. Exo-6a: Colorless prisms

> e (ether—hexane); mp = 84 — 86 °C; [o]p> = —133 ° (¢ 0.98, CHCl3); IR (KBr) 3015,

2996, 2963, 1755, 1703, 1601, 1458, 1443, 1377, 1319, 1300, 1283, 1231, 1184,

1146, 1119, 1094, 1076, 1047, 1026, 976, 945, 909 cm™ *H NMR (400 MHz,

CDCl3) 6 =1.31(3H, s), 3.74 (3H, ), 3.87 (3H, s), 5.22 (1H, ), 7.48 — 7.53 (1H, m), 7.62 — 7.68 (2H,

m), 8.00 (1H, d, J = 7.6 Hz); MS (El) m/z = 279 (M"+1), 220, 191, 177, 163, 133, 104, 92, 76, 59, 50,

43, 38, 27, 14; Found: C, 60.40; H, 5.04%. Calcd for C14H1406: C, 60.43; H, 5.07%. R, = 0.55 (3.7

AcOEt/hexane). Endo-6a: Colorless prisms (ether—hexane); mp = 60 — 62 °C; IR (KBr) 3007, 2961,

1752, 1705, 1603, 1464, 1453, 1312, 1279, 1254, 1194, 1132, 1090, 1073, 1055, 1042 cm™; *H NMR

(400 MHz, CDCl3) 6 = 1.84 (3H, s), 3.55 (3H, ), 3.73 (3H, 9), 4.74 (1H, ), 7.46 — 7.50 (1H, m), 7.61 —

7.68 (2H, m), 7.92 (1H, d, J = 7.8 Hz); MS (El) m/z = 279 (M*+1), 219, 177, 163, 133, 104, 76, 50, 43,

29, 14; Found: C, 60.58; H, 5.04%. Cadcd for Ci4H1406: C, 60.43; H, 5.07%. R, = 0.45 (3:7

AcOEt/hexane). The enantiomeric excess was determined by HPLC analysis (DAICEL Chiralpak® AS,

1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C). Exo-isomer: tg = 10.7 min (minor) and 12.4 min
(mgjor). Endo-isomer: tg = 13.1 min (minor) and 17.2 min (major).

o}

7-Exo-(benzyloxy)car bonyl-5-methoxy-7-endo-methyl-6,8-dioxabenzo[ c]bicyclo[3.2.1] -
octan-2-one (exo-6b) and 7-Endo-(benzyloxy)car bonyl-5-methoxy-7-exo-methyl-6,8-dioxabenzo-
[c]bicyclo [3.2.1]octan-2-one (endo-6b). Benzyl pyruvate (5b, 178.2 mg, 1.0 mmol) was used
OMe according to the general procedure. Purification by MPLC (3:97 — 5:95
> OO %c0o,Bn  ACOEt/hexane) gave 11.6 mg (7%) of endo-6b and 225.5 mg of a mixture of exo-
7 Me 6b and benzyl pyruvate (5b). The yield of exo-6b was calculated on the basis of
o 'H NMR (162.0 mg, 92%). Exo-6b: Colorless oil; [o]p?® = —115° (¢ 1.02, CHCl3,
26wt% of 5b was contained); IR (Neat) 3034, 2959, 1732, 1711, 1603, 1458, 1381,
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1360, 1292, 1262, 1219, 1136, 1092, 1078, 1047, 1028 cm'™*; *H NMR (400 MHz, CDCl5) & = 1.30 (3H,
s), 3.62 (3H, s), 5.23 (1H, 9), 5.24 (1H, d, J = 12.1 Hz), 5.33 (1H, d, J = 12.1 Hz), 7.36 — 7.40 (5H, m),
7.47 — 751 (1H, m), 7.60 — 7.66 (2H, m), 7.99 (1H, d, J = 7.6 Hz); *C NMR (100 MHz, CDCl3) & =
19.8, 504, 67.9, 79.2, 85.4, 118.9, 122.7, 126.4, 128.2, 128.5, 128.7, 128.8, 129.5, 134.8, 135.0, 143.2,
171.3, 191.5; MS (El) m/z = 355 (M*+1), 339, 220, 177, 163, 133, 105, 91, 76, 65, 43; HRMS (El)
Found: 354.1072. Calcd for CyH1s0s (M¥): 354.1102; R, = 0.53 (3:7 AcOEt/hexane). Endo-6b:
Colorless oil; IR (Neat) 3069, 3034, 2944, 2955, 1736, 1709, 1605, 1499, 1458, 1377, 1292, 1248, 1215,
1132, 1088, 1074, 1045, 951, 887 cm™; *H NMR (400 MHz, CDCls) § = 1.84 (3H, s), 3.72 (3H, 9), 4.74
(1H, s), 4.87 (1H, d, J = 12.2 Hz), 5.01 (1H, d, J = 12.2 Hz), 7.06 — 7.08 (2H, m), 7.25 — 7.29 (3H, m),
7.36 —7.40 (1H, m), 7.57 — 7.66 (2H, m), 7.76 (1H, d, J = 7.8 Hz); MS (El) m/z = 355 (M"+1), 339, 219,
177, 167, 133, 105, 92, 76, 65, 51, 39; HRMS (El) Found: 354.1097. Calcd for CyH1806 (M7):
354.1102; Rr= 0.44 (3:7 AcOEt/hexane). The enantiomeric excess was determined by HPLC analysis.
Exo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 17.0
min (minor) and 21.6 min (major). Endo-isomer (DAICEL Chiralpak® AS, 1:19 i-PrOH/hexane, Flow
rate = 0.5 mL/min, 35 °C): tg = 13.3 min (minor) and 17.6 min (major).

5-M ethoxy-7-exo-[ (4-methoxybenzyl)oxy] car bonyl-7-endo-methyl-6,8-dioxabenzo[ c] bi-
cyclo[3.2.1]octan-2-one (exo-6¢) and 5-M ethoxy-7-endo-[(4-methoxybenzyl)oxy]car bonyl-7-exo-
methyl-6,8-dioxabenzo[c]bicyclo-[3.2.1]octan-2-one (endo-6¢). p-Methoxybenzyl pyruvate (5c,
208.2 mg, 1.0 mmol) was used according to the genera procedure.
Purification by MPLC (3:97 — 5:95 AcOEt/hexane) gave 7.9 mg (4%) of

7 e O/\z : endo-cycloadduct and 220.8 mg of a mixture of exo-6¢ and pyruvate 5c.
(0]

OMe o

The yield of exo-6¢c was calculated on the basis of *H NMR (192.6 mg,
ome quant). Exo-6¢c: Colorless oil; [a]p® = —96° (¢ 0.97, CHCl3, 16wt% of 5c
was contained); IR (Neat) 3002, 2957, 2839, 1734, 1709, 1610, 1588, 1516,
1460, 1379, 1289, 1254, 1219, 1177, 1115, 1092, 1078, 1047, 974, 949, 889, 849, 826 cm*; 'H NMR
(400 MHz, CDCl3) 8 =1.29 (3H, s), 3.61 (3H, ), 3.82 (3H, ), 5.16 (1H, d, J = 11.8 Hz), 5.22 (1H, 9),
5.27 (1H, d, J = 11.8 Hz), 6.88 — 6.92 (2H, m), 7.32 — 7.36 (2H, m), 7.47 — 7.51 (1H, m), 7.60 — 7.65
(2H, m), 7.97 — 7.99 (1H, m); *C NMR (100 MHz, CDCl3) & = 19.9, 50.4, 55.3, 67.7, 79.2, 85.3, 113.9,
118.7, 122.6, 126.3, 127.0, 128.1, 129.3, 130.3, 134.6, 143.0, 159.7, 171.1, 191.2; MS (El) m/z = 385
(M™+1), 219, 177, 163, 121, 77, 51, 43, 27, 14; HRMS (EI) Calcd for C;H2007 (M™): 384.1208. Found:
384.1181; Ry = 0.58 (2:3 AcOEt/hexane). Endo-6¢: Colorless ail; IR (Neat) 3011, 2940, 2843, 1753,
1698, 1603, 1586, 1514, 1454, 1383, 1248, 1140, 1086, 1061, 1030, 951, 924, 891, 806 cm; *H NMR
(400 MHz, CDCl3) 6 =1.82 (3H, ), 3.71 (3H, s), 3.81 (3H, 9), 4.73 (1H, 9), 4.80 (1H, d, J = 11.7 Hz),
4.96 (1H, d, J = 11.7 Hz), 6.78 — 6.82 (2H, m), 7.02 — 7.06 (2H, m), 7.37 — 7.41 (1H, m), 7.57 — 7.65
(2H, m), 7.75 — 7.77(1H, m); *C NMR (100 MHz, CDCl3) & = 23.9, 49.9, 55.3, 67.5, 80.2, 86.2, 113.6,
119.5, 122.6, 126.0, 126.5, 128.5, 129.2, 130.1, 134.3, 141.7, 159.5, 169.2, 190.5; MS (EI) m/z = 385
(M*+1), 219, 177, 163, 133, 121, 105, 77, 51, 43, 27, Anal. Calcd for CxH»07: C, 65.62; H, 5.24%.
Found: C, 65.45; H, 5.51%; R,= 0.48 (2:3 AcOEt/hexane). The enantiomeric excess was determined
by HPLC analysis. Exo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5
mL/min, 35 °C): tg = 24.1 min (minor) and 32.6 min (major). Endo-isomer (DAICEL Chiralpak® AD,
1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 27.2 min (minor) and 51.0 min (major).

7-Exo-[(4-fluor obenzyl)oxy] car bonyl-5-methoxy-7-endo-methyl-6,8-dioxabenzo[ c]bicyclo-
[3.2.1]octan-2-one (exo-6d) and 7-Endo-[(4-fluorobenzyl)oxy]car bonyl-5-methoxy-7-exo-methyl-
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6,8-dioxabenzo[c]bicyclo[3.2.1]octan-2-one (endo-6d). p-Fluorobenzyl pyruvate (5d, 196.2 mg, 1.0
oMe mmol) was used according to the general procedure. Purification by MPLC
Qg (3:97 — 5:95 AcOEt/hexane) gave 6.2 mg (3%) of endo-6d and 204.7 mg of a
> Me © mixture of exo-6d and pyruvate 5d. The yield of exo-6d was calculated on
1 ' b the basis of 'H NMR (165.6 mg, 89%). Exo-6d: Colorless oil; [a]p?® = —100°
F (¢ 1.07, CHCI3, 7wt% of 5d was contained); IR (Neat) 2998, 2959, 1730,
1711, 1605, 1512, 1460, 1381, 1290, 1260, 1223, 1157, 1117, 1092, 1078, 1047, 1028, 974, 949, 889,
851, 831 cm; *H NMR (400 MHz, CDCls) 8 = 1.29 (3H, s), 3.61 (3H, ), 5.19 (1H, d, J = 12.0 Hz),
5.22 (1H, s), 5.30 (1H, d, J = 12.0 Hz), 7.05 - 7.09 (2H, m), 7.37 — 7.41 (2H, m), 7.48 — 7.52 (1H, m),
7.61—7.66 (2H, m), 7.98 —8.00 (1H, m); *C NMR (100 MHz, CDCl3) & = 19.9, 50.4, 67.1, 79.2, 85.3,
115.6 (d, Jc.r = 21.7 Hz), 118.8, 122.6, 126.3, 128.0, 129.4, 130.5 (d, Jcr = 8.3 Hz), 130.7 (d, Jcr = 3.3
Hz), 134.7, 142.9, 162.6 (d, Jo.r = 247.6 Hz), 171.0, 191.1; MS (El) m/z = 373 (M*+1), 220, 191, 176,
163, 149, 134, 123, 105, 95, 89, 83, 77, 63, 57, 51, 44, 39, 29, 14; HRMS (El) Calcd for CyH1sFOs
(M™+H): 373.1086. Found: 373.1064; R,= 0.53 (2:3 AcOEt/hexane). Endo-6d: Colorless oil; IR (Neat)
3075, 2994, 2957, 1738, 1709, 1605, 1512, 1460, 1375, 1292, 1225, 1132, 1088, 1074, 1046, 951, 829
cm % *H NMR (400 MHz, CDCl3) 8 = 1.83 (3H, 5), 3.71 (3H, 5), 4.74 (1H, s), 4.82 (1H, d, J = 12.1 Hz),
4.98 (1H, d, J = 12.1 Hz), 6.92 — 6.94 (2H, m), 7.03 — 7.07 (2H, m), 7.36 — 7.41 (1H, m), 7.57 — 7.65
(2H, m), 7.73—7.75 (1H, m); **C NMR (100 MHz, CDCl3) & = 23.9, 49.9, 66.9, 80.1, 86.2, 115.2 (d, Jc.
r=21.7 Hz), 119.6, 122.6, 125.9, 128.5, 129.2, 130.2 (d, Jc.r = 3.3 HZz), 130.3 (d, Jc.r = 8.3 Hz), 134.3,
141.7, 162.4 (d, Jcr = 245.0 Hz), 169.2, 190.5; MS (El) m/z = 373 (M*+1), 220, 191, 176, 164, 149,
133, 120, 110, 105, 95, 89, 83, 77, 63, 57, 51, 44, 39, 29, 14, HRMS (EI) Calcd for CxH17FOs (M™):
372.1008. Found: 372.1029; R, = 0.47 (2:3 AcOEt/hexaen). The enantiomeric excess was determined
by HPLC analysis. Exo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5
mL/min, 35 °C): tz = 19.0 min (minor) and 25.1 min (major). Endo-isomer (DAICEL Chiralpak® AD,
1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 20.8 min (minor) and 36.6 min (major).

7-Exo-[(4-chlor obenzyl)oxy] car bonyl-5-methoxy-7-endo-methyl-6,8-dioxabenzo[ c] bicyclo-
[3.2.1]octan-2-one (exo-6e) and 7-Endo-[(4-chlorobenzyl)oxy]car bonyl-5-methoxy-7-exo-methyl-
6,8-dioxabenzo[c]bicyclo[3.2.1]octan-2-one (endo-6€). p-Chlorobenzyl pyruvate (5e, 212.6 mg, 1.0

OMe o mmol) was used according to the general procedure. Purification by MPLC
5//1,00 24 (3:97 — 5:95 AcOEt/hexane) gave 5.9 mg (3%) of endo-6e and 217.2 mg of a
> Me © mixture of exo-6e and pyruvate 5e. The yield of exo-6e was calculated on

the basis of *H NMR (179.9 mg, 92%). Exo-6e: Colorless needles (ether—
Cl hexane); mp 87 — 89 °C; [a]p>’ = —90° (¢ 0.95, CHCl3, 17wt% of 5e was
contained); IR (KBr) 3077, 3040, 3000, 2984, 2955, 2855, 1759, 1705, 1603, 1493, 1462, 1449, 1383,
1370, 1300, 1279, 1225, 1184, 1148, 1117, 1094, 1049, 1017, 976, 947, 885, 856, 839, 806 cm *; H
NMR (400 MHz, CDCl3) 8 = 1.29 (3H, m), 3.62 (3H, m), 5.20 (1H, d, J = 12.2 Hz), 5.21 (1H, s), 5.28
(1H, d, J = 12.2 HZ), 7.32 — 7.38 (4H, m), 7.48 — 7.52 (1H, m), 7.61 — 7.66 (2H, m), 7.98 — 8.00 (1H,
m); *C NMR (100 MHz, CDCls) & = 19.9, 50.4, 67.0, 79.2, 85.3, 118.8, 122.6, 126.3, 128.0, 128.8,
129.4, 129.8, 133.3, 134.6, 134.7, 142.9, 171.0, 191.1; MS (El) m/z = 389 (M*+1), 220, 191, 177, 163,
133, 125, 105, 89, 77, 63, 50, 43, 28, 14; HRMS (EI) Calcd for CyH15ClOg (M*+H): 389.0791. Found:
389.0783; Anal. Calcd for CyH17ClOg: C, 61.78; H, 4.41%. Found: C, 61.86; H, 4.25%; R;= 0.76 (2:3
AcOEt/hexane). Endo-6e: Colorless ail; IR (Neat) 3073, 2994, 2955, 2851, 1740, 1711, 1603, 1493,
1460, 1410, 1375, 1292, 1215, 1132, 1090, 1046, 951, 887, 835, 810 cm™*; *H NMR (400 MHz, CDCl5)
6=1.83(3H,s),3.71 (3H, s), 4.74 (1H, s), 4.82 (1H, d, J = 125 Hz), 4.97 (1H, d, J = 12.5 Hz), 6.97 —
6.99 (2H, m), 7.21 — 7.23 (2H, m), 7.35 — 7.41 (1H, m), 7.58 — 7.65 (2H, m), 7.72 — 7.74 (1H, m); °C

O
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NMR (100 MHz, CDCl3) 23.9, 49.9, 66.8, 80.1, 86.2, 119.6, 122.6, 125.9, 128.4, 129.3, 129.6, 132.7,
134.1, 134.3, 141.7, 169.1, 190.5; MS (El) m/z = 389 (M*+1), 220, 191, 177, 164, 133, 127, 105, 99, 89,
77, 63, 51, 43, 29, 14; HRMS (EI) Calcd for CxH17CIOs (M™): 388.0713. Found: 388.0742; Anal. Calcd
for CxH17Cl0s: C, 61.78; H, 4.41%. Found: C, 61.69; H, 4.49%; R, = 0.70 (2:3 AcOEt/hexane). The
enantiomeric excess was determined by HPLC analysis. Exo-isomer (DAICEL Chiralpak® AD, 1:19 i-
PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 21.5 min (minor) and 28.1 min (mgor). Endo-
isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 21.8 min
(minor) and 43.2 min (major).

(1S,5S,7S)-7-[(4-Br omabenzyl)oxy] car bonyl-5-methoxy-7-methyl-6,8-dioxabenzo[ c] bi-
cyclo[3.2.1]octan-2-one (exo-6f) and 7-Endo-[(4-bromobenzyl)oxy]car bonyl-5-methoxy-7-exo-
methyl-6,8-dioxabenzo[c]bicyclo[3.2.1]octan-2-one (endo-6f). p-Bromobenzyl pyruvate (5f, 257.1

oMe o mg, 1.0 mmol) was used according to the general procedure. Purification by
5 ,,,OO 7. MPLC (2:98 — 5:95 AcOEt/hexane) gave 7.2 mg (3%) of endo-6f and 249.7
2 Me © mg of a mixture of exo-6f and pyruvate 5f. The yield of exo-6f was
' caculated on the basis of '"H NMR (193.8 mg, 89%). Exo-6f: Colorless

© Br needles (CH,Cl—hexane); mp 89 — 90 °C; [a]p® —87° (¢ 1.04, CHCl3, 22

wt% of 5f was contained); IR (KBr) 2955, 1759, 1705, 1603, 1489, 1462, 1449, 1383, 1300, 1279, 1254,
1223, 1184, 1146, 1115, 1094, 1076, 1049, 1013, 976, 945, 885, 858, 837, 804 cm'; 'H NMR (400
MHz, CDCl3) 6 = 1.29 (3H, s), 3.63 (3H, s), 5.18 (1H, d, J = 12.2 Hz), 5.21 (1H, s), 5.26 (1H, d, J =
12.2 Hz), 7.26 — 7.29 (2H, m), 7.48 — 7.54 (3H, m), 7.61 — 7.66 (2H, m), 7.97 —8.00 (1H, m); *C NMR
(100 MHz, CDCl3) 19.9, 50.4, 67.0, 79.2, 85.3, 118.8, 122.6, 122.7, 126.3, 128.0, 129.4, 130.0, 131.8,
133.8, 134.7, 142.9, 171.0, 191.1; MS (El) m/z = 433 (M*+1), 220, 191, 176, 169, 162,133, 105, 90, 77,
63, 51, 39, 28, 14; HRMS (EI) Calcd for CooH18BrOs (M™+H): 433.0286. Found: 433.0300; Anal. Calcd
for CxH17BrOs: C, 55.44; H, 3.96%. Found: C, 55.53; H, 3.83%; R,= 0.47 (3:7 AcOEt/hexane). Endo-
6f: Colorless oil; IR (Neat) 2955, 1740, 1711, 1603, 1489, 1460, 1292, 1132, 1073, 1046, 949 cm™*; *H
NMR (400 MHz, CDCl3) 6 = 1.83 (3H, s), 3.72 (3H, ), 4.74 (1H, s), 4.80 (1H, d, J = 12.3 Hz), 4.96
(1H, d, J = 12.3 HZ), 6.90 — 6.93 (2H, m), 7.36 — 7.41 (3H, m), 7.58 — 7.65 (2H, m), 7.71 — 7.73 (1H,
m); *C NMR (400 MHz, CDCl3) & = 23.9, 49.9, 66.8, 80.1, 86.2, 119.6, 122.4, 122.6, 125.9, 128.5,
129.3, 129.9, 131.4, 133.3, 134.3, 141.7, 169.1, 190.5; MS (El) m/z = 433 (M*+1), 248, 220, 191, 176,
164, 149, 135, 120, 105, 90, 76, 63, 51, 39, 26, 14; HRMS (EI) Calcd for CxH17BrOs (M™): 432.0208.
Found: 432.0186; Anal. Calcd for CxH17BrOs: C, 55.44; H, 3.96%. Found: C, 55.27; H, 4.06%; R, =
0.38 (3:7 AcOEt/hexane). The enantiomeric excess was determined by HPLC analysis. Exo-isomer
(DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 24.1 min (minor)
and 31.4 min (major). Endo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5
mL/min, 35 °C): tg = 23.9 min (minor) and 47.7 min (maor).

7-Exo-(benzyloxy)car bonyl-7-endo-ethyl-5-methoxy-6,8-dioxabenzo[ c] bicyclo[3.2.1] octan-

2-one (exo-6g) and 7-Endo-(benzyloxy)carbonyl-7-exo-ethyl-5-methoxy-6,8-dioxabenzo[ c]bicyclo-
[3.2.1]octan-2-one (endo-6g). Benzyl 2-oxobutanoate (5g, 197.2 mg, 1.0 mmol) was used according to
the general procedure. Purification by MPLC (1:99 — 3:97 AcOEt/hexane) gave

OMe

J o 162.0 mg (87%) of exo-6g and 12.5 mg (7%) of endo-6g9. Exo-6g: Colorless ail;
"o N COBN 110% = _96° (¢ 1.03, CHCly); IR (Neat) 3034, 2957, 1732, 1711, 1603, 1460,
1 1289, 1250, 1217, 1157, 1134, 1119, 1096, 1078, 1051, 1024, 976, 945 cm™; *H

O NMR (400 MHz, CDCls) & = 0.78 (3H, t, J = 7.3 Hz), 1.34 — 1.43 (1H, m), 1.68 —
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1.77 (1H, m), 3.64 (3H, ), 5.24 (1H, d, J = 12.0 HZ), 5.25 (1H, 9), 5.33 (1H, d, J = 12.0 HZ), 7.34 - 7.42
(5H, m), 7.46 — 7.51 (1H, m), 7.60 — 7.66 (2H, m), 7.97 — 7.99 (1H, m); *C NMR (100 MHz, CDCls) &
= 8.6, 27.4,50.4, 67.7, 83.3, 85.2, 118.7, 122.6, 126.2, 128.1, 128.51, 128.55, 129.3, 134.6, 134.8, 143.1,
170.3, 191.1; MS (El) m/z = 357 (M"), 340, 233, 177, 163, 133, 105, 91, 76, 65, 57, 50, 39, 29; HRMS
(El) Caled for CxH190s (M*—H): 355.1180. Found: 355.1190; Anal. Calcd for CyHx00s: C, 68.47; H,
5.47%. Found: C, 68.34; H, 5.41%; R, = 0.74 (2:3 AcOEt/hexane). Endo-6g: Colorless oil; IR (Neat)
3034, 2955, 1736, 1709, 1603, 1460, 1460, 1381, 1292, 1252, 1132, 1109, 1078, 1049, 1028, 1007, 972,
943 cm™; *H NMR (400 MHz, CDCl3) & = 1.01 (3H, t, J = 7.3 HZ), 2.01 — 2.10 (1H, m), 2.30 — 2.39
(1H, m), 3.71 (3H, s), 4.75 (1H, s), 4.85 (1H, d, J = 12.1 Hz), 5.10 (1H, d, J = 12.1 Hz), 7.09 — 7.11 (2H,
m), 7.25—-7.29 (3H, m), 7.37 — 7.41 (1H, m), 7.58 — 7.62 (1H, m), 7.66 — 7.67 (1H, m), 7.76 — 7.78 (1H,
m); *C NMR (100 MHz, CDCl3) & = 8.3, 31.1, 49.9, 67.6, 83.5, 85.7, 119.5, 122.7, 126.0, 128.2, 128.2,
128.4, 129.3, 134.36, 134.40, 141.6, 168.7, 190.4; MS (El) m/z = 357 (M™), 339, 234, 177, 163, 141,
133, 105, 92, 77, 65, 57, 51, 39, 29; Anal. Calcd for C21H200s: C, 68.47; H, 5.47%. Found: C, 68.22; H,
5.70%; R = 0.66 (2:3 AcOEt/hexane). The enantiomeric excess was determined by HPLC analysis.
Exo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 14.3
min (minor) and 16.7 min (major). Endo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow
rate = 0.5 mL/min, 35 °C): tg = 18.2 min (minor) and 36.0 min (mgjor).

7-Exo-(4-benzyloxy)car bonyl-7-endo-isopr opyl-5-methoxy-6,8-dioxabenzo[ c] bicyclo-
[3.2.1]octan-2-one (exo-6h) and 7-Endo-(4-benzyloxy)car bonyl-7-exo-isopr opyl-5-methoxy-6,8-di-
oxabenzo[c]bicyclo[3.2.1]octan-2-one (exo-6h). Benzyl 3-methyl-2-oxobutanoate (5h, 206.2 mg, 1.0
OMe mmol) was used according to the general procedure. Purification by MPLC (3:97 —
5"~QO %coBn 5:95 AcOEt/hexane) gave 185.0 mg (96%) of exo-6h and 13.2 mg (7%) of endo-6h.
4 Exo-6h: Colorless oil; [a]p?® —86° (¢ 1.00, CHCl3); IR (Neat) 3069, 3034, 2959,
o 2855, 1730, 1603, 1497, 1460, 1395, 1373, 1354, 1289, 1217, 1144, 1099, 1071,
1044, 947, 891, 847 cm™; *H NMR (400 MHz, CDCl3) & = 0.90 (3H, d, J = 6.8 HZ),
0.93 (3H, d, /= 6.8 Hz), 1.56 (1H, seqt, J = 6.8 Hz), 3.52 (3H, s), 5.27 (1H, d, J = 12.0 Hz), 5.32 (1H, d,
J=12.0Hz), 546 (1H, s), 7.34 — 7.44 (5H, m), 7.46 — 7.50 (1H, m), 7.58 — 7.65 (2H, m), 7.97 — 7.99
(1H, m); °C NMR (100 MHz, CDCl3) & = 17.3, 18.4, 33.6, 50.2, 67.6, 85.7, 87.0, 118.5, 122.4, 126.2,
128.2, 128.51, 128.54, 128.7, 129.2, 134.4, 134.8, 143.3, 169.1, 191.3; MS (El) m/z = 383 (M*+1), 339,
248, 178, 163, 133, 104, 89, 77, 71, 65, 51, 39, 26; HRMS (El) Calcd for C,oH 06 (M*—H): 381.1337.
Found: 381.130; Anal. Calcd for CxH206: C, 69.10; H, 5.80%. Found: C, 69.13; H, 5.81%; R, = 0.63
(3:7 AcOEt/hexane). Endo-6h: Colorless oil; IR (Neat) 3069, 3034, 2961, 2853, 1732, 1603, 1460,
1391, 1375, 1292, 1250, 1134, 1105, 1076, 1028, 945, 889 cm™; *H NMR (400 MHz, CDCl3) & = 1.04
(3H, d, J=6.8Hz), 1.14 (3H, d, J = 6.8 Hz), 2.40 (1H, seqt, J = 6.8 Hz), 3.76 (3H, s), 4.79 (1H, d, J =
12.0 Hz), 4.88 (1H, s), 4.95 (1H, d, J = 12.0 HZ), 7.33 = 7.44 (5H, m), 7.46 — 7.50 (1H, m), 7.59 — 7.65
(2H, m), 7.96 — 7.99 (1H, m); **C NMR (100 MHz, CDCls) = 16.6, 18.2, 35.6, 50.5, 67.3, 83.5, 85.3,
118.8, 123.1, 125.9, 128.2, 128.2, 128.6, 129.4, 134.3, 134.4, 141.2, 169.0, 190.2; MS (El) m/z = 383
(M*+1), 339, 247, 177, 163, 133, 105, 91, 77, 65, 51, 43, 28; HRMS (El) Calcd for CxH30s (M*+H):
383.1493. Found: 383.1476; Anal. Calcd for C»H20s: C, 69.10; H, 5.80%. Found: C, 68.86; H, 5.94%;
Ry = 0.48 (3:7 AcOEt/hexane). The enantiomeric excess was determined by HPLC analysis. Exo-
isomer (DAICEL Chiralpak® AD, 1:99 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 20.2 min
(major) and 27.7 min (minor). Endo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate
= 0.5 mL/min, 35 °C): tg = 18.9 min (minor) and 25.8 min (major).
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7-Exo-(4-bromaobenzyloxy)car bonyl-7-endo-isopr opyl-5-methoxy-6,8-dioxabenzo[ c]-
bicyclo[3.2.1]octan-2-one (exo-6i) and 7-Endo-(4-bromobenzyloxy)car bonyl-7-exo-isopropyl-5-
methoxy-6,8-dioxabenzo[c]bicyclo[3.2.1]octan-2-one  (endo-6i). 4-Bromobenzyl  3-methyl-2-

oMe o oxobutanoate (5i, 285.1 mg, 1.0 mmol) was used according to the genera
s OO 7. procedure. Purification by MPLC (2:98 — 5:95 AcOEt/hexane) gave 219.5
: 0 mg (95%) of exo-6i and 10.3 mg (4%) of endo-6i. Exo-6i: Colorless oil;
I ' b [a]p® —64° (¢ 0.90, CHCl5); IR (Neat) 2959, 1732, 1707, 1603, 1489, 1462,
Br 1289, 1258, 1217, 1165, 1142, 1101, 1071, 1044, 1015, 974, 945 cm™; 'H
NMR (400 MHz, CDCl3) 6 = 0.89 (3H, d, J = 6.8 Hz), 0.92 (3H, d, J = 6.8 Hz), 1.56 (1H, seqt, J = 6.8
Hz), 3.53 (3H, 9), 5.22 (1H, d, J = 12.2 Hz), 5.26 (1H, d, J = 12.2 HZ), 5.44 (1H, s), 7.29 — 7.32 (2H, m),
7.46 — 7.54 (3H, m), 7.59 — 7.65 (2H, m), 7.96 — 7.99 (1H, m); **C NMR (100 MHz, CDCls) & = 17.3,
18.4, 33.6, 50.2, 66.8, 85.7, 87.0, 118.6, 122.5, 122.7, 126.2, 128.2, 129.2, 130.3, 131.7, 133.8, 134.5,
143.2, 169.1, 191.2; MS (El) m/z = 451 (M*+1), 417, 249, 178, 171, 164, 149, 134, 105, 90, 78, 71, 63,
51, 39, 26, 14; HRMS (El) Calcd for CyH2:BrOs (M +H): 461.0598. Found: 461.0568; Anal. Calcd for
CooH21BrOs: C, 57.28; H, 4.59%. Found: C, 57.03; H, 4.65%; R, = 0.57 (3:7 AcOEt/hexane). Endo-6i:
Colorless prisms (ether—hexane); mp 124 — 126 °C; IR (KBr) 2980, 2951, 1728, 1703, 1597, 1489, 1464,
1441, 1381, 1343, 1292, 1236, 1154, 1103, 1074, 1047, 1026, 1003, 964, 893, 870, 812 cm *; *H NMR
(400 MHz, CDCl3) 6 = 1.05 (3H, d, J = 6.8 Hz), 1.14 (3H, d, J = 6.8 Hz), 2.39 (1H, seqt, J = 6.8 Hz),
3.76 (3H, ), 4.72 (1H, d, /= 12.0 Hz), 4.88 (1H, s), 4.92 (1H, d, J = 12.0 HZz), 6.92 — 6.96 (2H, m), 7.35
—7.40 (3H, m), 7.56 — 7.68 (3H, m); *C NMR (100 MHz, CDCl3) & = 16.6, 18.2, 35.7, 50.5, 66.4, 83.5,
85.2, 118.8, 122.4, 123.1, 125.8, 128.1, 129.4, 130.4, 131.4, 133.3, 134.5, 141.1, 167.0, 190.2; MS (EI)
m/z = 461 (M*+1), 418, 248, 203, 185, 176, 164, 135, 120, 105, 90, 78, 71, 63, 51, 41, 26, 14; HRMS
(El) Calcd for CH2BrOs (M™): 460.0521. Found: 460.0525; Anal. Calcd for CxH,1BrOg: C, 57.28; H,
4.59%. Found: C, 57.20; H, 4.55%; R, = 0.43 (3:7 AcOEt/hexane). The enantiomeric excess was
determined by HPLC analysis. Exo-isomer (DAICEL Chiralpak® AD, 1:99 i-PrOH/hexane, Flow rate =
0.5 mL/min, 35 °C): tg = 29.5 min (major) and 39.7 min (minor). Endo-isomer (DAICEL Chiralpak®
AD, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg =21.6 min (minor) and 38.2 min (major).

5-M ethoxy-7-exo-methoxycar bonyl-7-endo-phenyl-6,8-dioxabenzo[c]bicyclo[3.2.1] octan-
2-one (exo-6j) and 5-Methoxy-7-endo-methoxycar bonyl-7-exo-phenyl-6,8-dioxabenzo[c]bicyclo-
[3.2.1]octan-2-one (endo-6j). Methyl benzoylformate (5j, 164.2 mg, 140 uL, 1.0 mmol) was used

according to the genera procedure. Purification by MPLC (3:97 — 5:95

R ACOEt/hexane) gave 102.1 mg (60%) of exo-6j and 47.2 mg (28%) of endo-6j.
Q?%PEOZW Exo-6j: Colorless prisms (ether—hexane); mp 109 — 111 °C; [a]p?® +92.9° (¢ 0.97,
1 CHCl3); IR (KBr) 3071, 3007, 2955, 1734, 1713, 1603, 1493, 1451, 1290, 1260,

o 1229, 1157, 1103, 1078, 1030, 992, 972, 941, 891, 858 cm™; 'H NMR (400 MHz,
CDCl3) 6 = 3.77 (3H, s), 3.85 (3H, s), 5.75 (1H, ), 7.16 — 7.22 (5H, m), 7.34 — 7.40 (1H, m), 7.60 —
7.64 (2H, m), 7.71— 7.73 (1H, m); **C NMR (100 MHz, CDCls) § = 50.3, 53.5, 84.3, 86.2, 119.5, 122.3,
125.1, 126.1, 128.3, 128.4, 128.7, 129.3, 132.8, 134.3, 141.7, 170.3, 189.9; MS (El) m/z = 340 (M"),
281, 176, 163, 133, 105, 77, 51, 28, 14; Anal. Calcd for C19H1606: C, 67.06; H, 4.74%. Found: C, 66.95;
H, 4.79%; R, = 0.47 (3:7 AcOEt/hexane). Endo-6j: Colorless prisms (ether—hexane); mp 124 — 125 °C;
[a]p?® +14.4° (¢ 0.75, CHCI5); IR (KBr) 3067, 3009, 2959, 2851, 1738, 1711, 1601, 1499, 1449, 1319,
1289, 1248, 1219, 1157, 1096, 1078, 1053, 968, 933, 909 cm™; *H NMR (400 MHz, CDCls) & = 3.49
(3H, 5), 3.56 (3H, 3), 5.43 (1H, 9), 7.38 — 7.54 (4H, m), 7.65 — 7.76 (4H, m), 7.97 — 7.99 (1H, m); °C
NMR (100 MHz, CDCl3) 6 = 50.9, 53.0, 83.5, 86.5, 119.8, 122.9, 126.12, 126.17, 128.2, 128.5, 128.6,
129.6, 134.7, 137.1, 141.5, 168.6, 190.4; MS (El) m/z = 341 (M*+1), 282, 253, 221, 176, 161, 145, 135,
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120, 106, 90, 75, 65, 59, 50, 39, 29, 14; Anal. Calcd for Ci9H1606: C, 67.06; H, 4.74%. Found: C, 66.95;
H, 4.79%; R, = 0.36 (3:7 AcOEt/hexane). The enantiomeric excess was determlned by HPLC analysis.
Exo-isomer (DAICEL Chiralpak® AS, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 11.9
min (minor) and 13.2 min (major). Endo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow
rate = 0.5 mL/min, 35 °C): tg = 23.0 min (minor) and 39.9 min (major).

7-Exo-(benzyloxy)car bonyl-5-methoxy-7-endo-phenyl-6,8-dioxabenzo[c]bicyclo[ 3.2.1]-
octan-2-one (exo-6k) and 7-Endo-(benzyloxy)car bonyl-5-methoxy-7-exo-phenyl-6,8-dioxabenzo-
[c]bicyclo[3.2.1] octan-2-one (endo-6k). Benzyl benzoylformate (5k, 240.3 mg, 1.0 mmol) was used
according to the general procedure. Purification by MPLC (3:97 — 5:95

57-0 7 con AcOEt/hexane) gave 155.3 mg (74%) of exo-6k and 44.5 mg (21%) of endo-6k.
O Exo-6k: Colorless needles (ether—hexane); mp 99 — 100 °C; [a]p® +68° (¢ 1.00,
! CHCl3); IR (KBr) 3061, 2959, 1738, 1715, 1603, 1474, 1449, 1321, 1304, 1289,
© 1263, 1213, 1157, 1100, 1076, 1026, 976, 941, 891 cm™; 'H NMR (400 MHz,
CDCl3) 6 = 3.56 (3H, 9), 5.14 (1H, d, J =12.0 Hz), 5.37 (1H, d, J = 12.0 Hz), 5.76 (1H, s), 7.13-7.21
(5H, m), 7.32 — 7.38 (6H, m), 7.58 — 7.63 (2H, m), 7.68 — 7.70 (1H, m); *C NMR (100 MHz, CDCls) &
=50.2, 68.2, 84.3, 86.1, 119.4, 122.3, 125.1, 126.1, 128.3, 128.35, 128.42, 128.45, 128.49, 128.7, 129.3,
132.7, 134.3, 134.6, 141.7, 169.5, 190.0; MS (El) m/z = 417 (M"+1), 385, 282, 267, 253, 249, 221, 193,
177, 164, 148, 133, 120, 106, 92, 76, 65, 50, 39, 28, 14; Anal. Calcd for CsH200s: C, 72.11; H, 4.84%.
Found: C, 72.06; H, 4.81%; R, = 0.52 (3:7 AcOEt/hexane). Endo-6k: Colorless oil; IR (Neat) 3067,
3032, 2955, 1736, 1711, 1603, 1497, 1449, 1377, 1294, 1252, 1161, 1049, 1003, 970, 937, 887, 851 cm™
1 IH NMR (400 MHz, CDCl3) & = 3.00 (3H, ), 4.80 (1H, d, J = 12.2 HZ), 4.98 (1H, d, J = 12.2 Hz),
5.41 (1H, s), 6.96 —6.98 (2H, m), 7.19 — 7.26 (3H, m), 7.38 — 7.45 (4H, m), 7.61 — 7.65 (1H, m), 7.70 —
7.73 (3H, m), 7.80 — 7.83 (1H, m); **C NMR (100 MHz, CDCls) & = 50.9, 67.8, 83.3, 86.7, 119.8, 122.8,
126.1, 126.2, 128.00, 128.04, 128.09, 128.2, 128.5, 128.6, 129.5, 134.2, 134.5, 137.1, 141.4, 168.1,
190.1; MS (El) m/z = 417 (M*+1), 282, 253, 221, 176, 164, 133, 120, 106, 92, 78, 63, 51, 39, 28, 14;
Ana. Cacd for CxsHx0Os: C, 72.11; H, 4.84%. Found: C, 71.96; H, 4.88%. R, = 0.46 (3.7
AcOEt/hexane). The enantiomeric excess was determined by HPLC analysis. Exo-isomer (DAICEL
Chiralpak® AD, 1:49 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 39.7 min (minor) and 49.0
min (major). Endo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min,
35 °C): tr = 37.0 min (minor) and 98.1 min (mgjor).

OMe

7-Exo-(bnezyloxy)car bonyl-5-methoxy-6,8-dioxabenzo[ c]bicyclo[3.2.1]octan-2-one  (exo-
6l) and 7-Endo-(bnezyloxy)car bonyl-5-methoxy-6,8-dioxabenzo[c]bicyclo[ 3.2.1]octan-2-one (endo-

OMe 6l). Benzyl glyoxylate (164.2 mg, 1.0 mmol) was used according to the general
5 OO procedure. Purification by MPLC (3:97 — 5:95 AcOEt/hexane) gave 117.6 mg
COBN(690%) of exo-61 and 14.0 mg (8%) of endo-6l. Exo-6l: Colorless oil; IR (Neat)

B 3069, 3034, 2959, 1757, 1711, 1603, 1499, 1458, 1381, 1358, 1300, 1269, 1219,

© 1163, 1101, 1084, 1051, 1024, 970, 939, 889 cm *; *H NMR (400 MHz, CDCl3) § =

3.77 (3H, 5), 4.37 (1H, d, J = 1.0 Hz), 5.11 (1H, d, J = 1.0 HZ), 5.25 (1H, d, J = 12.1 HZ), 5.31 (1H, d, J
= 12.1 Hz), 7.35 — 7.42 (5H, m), 7.48 — 7.52 (1H, m), 7.61 — 7.67 (2H, m), 7.98 — 8.00 (1H, m); °C
NMR (100 MHz, CDCls3) 6 = 50.8, 67.8, 72.0, 82.6, 119.7, 122.6, 126.6, 127.5, 128.4, 128.54, 128.58,
129.4, 134.6, 134.7, 142.0, 168.6, 191.0; MS (El) m/z = 341 (M"+1), 327, 308, 220, 205, 192, 177, 162,
147, 132, 108, 92, 74, 65, 51, 44, 39, 28, 17; Anal. Calcd for Ci9H1606: C, 67.06; H, 4.74%. Found: C,
66.93; H, 4.86%; R, = 0.60 (2:3 AcOEt/hexane). Endo-6l: Colorless oil; IR (Neat) 3034, 2955, 1759,
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1709, 1603, 1460, 1385, 1352, 1294, 1215, 1188, 1159, 1080, 1053, 1026, 1003, 970, 941, 887 cm™*; *H
NMR (400 MHz, CDCl3) 6 = 3.69 (3H, s), 4.94 (1H, d, J = 12.1 HZ), 5.00 (1H, d, J = 6.1 HZz), 5.11 (1H,
d,/=121Hz),5.17 (1H, d,J=6.1 Hz), 7.19-7.21 (2H, m), 7.30 — 7.33 (3H, m), 7.43 - 7.47 (1H, m),
7.61 —7.65 (1H, m), 7.68 — 7.70 (1H, m), 7.86 — 7.88 (1H, m); **C NMR (100 MHz, CDCl5) & = 50.0,
67.7, 73.7, 81.4, 119.4, 122.7, 126.2, 128.35, 128.39, 128.5, 128.9, 129.3, 134.3, 134.4, 142.0, 166.7,
190.5; MS (El) m/z = 341 (M*+1), 205, 176, 164, 149, 133, 105, 92, 77, 65, 57, 51, 39, 29, 14; Anal.
Calcd for CigH1606: C, 67.06; H, 4.74%. Found: C, 67.06; H, 4.76%; R, = 0.50 (2:3 AcOEt/hexane).
The enantiomeric excess was determined by HPLC analysis. Exo-isomer (DAICEL Chiralpak® AD,
1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tr = 32.6 min (minor) and 35.5 min (major).
Endo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 31.0
min (minor) and 35.8 min (magjor).

7-Bis(ethoxycar bonyl)-5-methoxy-6,8-dioxabenzo[ c]bicyclo[ 3.2.1] octan-2-one (6m).

OMe Diethyl oxomalonate (5m, 174.2 mg, 150 uL, 1.0 mmol) was used according to the

©§{yo% COouEt general procedure. Purification by column chromatography (1:9 AcOEt/hexane)

- “co,et  gave corresponding cycloadduct 6m (174.7 mg, quant). Colorless liquid; IR (Neat)

' 2986, 1750, 1713, 1605, 1462, 1447, 1290, 1252, 1221, 1163, 1078, 1055, 1032, 934,

© 858 cm™*; *H NMR (400 MHz, CDCl3) 8 = 1.10 (3H, t, J = 7.2 Hz), 1.35 (3H, t, J =

7.1Hz), 3.68 (3H, s), 4.05—-4.16 (2H, m), 4.34 —4.44 (2H, m), 5.55 (1H, s), 7.46 — 7.54 (1H, m), 7.63 —

7.71 (2H, m), 7.94 —7.96 (1H, m), *C NMR (100 MHz, CDCl3) & = 13.7, 14.2, 50.3, 62.97, 63.04, 82.4,

84.0, 120.4, 122.8, 126.0, 128.6, 129.7, 134.5, 141.1, 164.3, 165.8, 189.5; MS (El) m/z = 351 (M*+1),

278, 203, 176, 163, 133, 105, 89, 77, 69, 50, 29, 14; Anal. Cacd for Ci7H150s: C, 58.29; H, 5.18%.

Found: C, 55.25; H, 5.18%. R,= 0.27 (3:7 AcOEt/hexane). The enantiomeric excess was determined by

HPLC analysis [(DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow 0.5 mL/min, 35 °C) tg = 12.4 min
(minor), 16.4 min (major)].

7-Exo-(benzyloxy)car bonyl-5-isopr opoxy-7-endo-methyl-6,8-dioxabenzo[ c]bicyclo[ 3.2.1]-
octan-2-one (exo-8b) and 7-Endo-(benzyloxy)car bonyl-5-isopr opoxy-7-exo-methyl-6,8-dioxabenzo-
[c]bicyclo[3.2.1]octan-2-one (endo-8b). o-1sopropoxycarbonyl-a-diazoacetophenone (7, 116.1 mg, 0.5

mmol) and benzyl pyruvate (5b, 178.2 mg, 1.0 mmol) was used according to the

)\O general procedure. Purification by MPLC (2:98 AcOEt/hexane) gave 18.4 mg
-0 coomn (10%) of endo-8b and 164.8 mg of a mixture of exo-8b and pyruvate 5b. The

© " > yield of exo-8b was calculated on the basis of *H NMR (129.4 mg, 67%). Exo-8b:

L Colorless ail; [o]p® = —107° (¢ 1.02, CHCls, 21wt% of benzyl pyruvate was

© contained); IR (Neat) 3069, 3036, 2990, 2967, 2934, 1732, 1707, 1602, 1499, 1456,

1360, 1296, 1223, 1134, 1090, 1047, 1030, 1015, 978, 947 cm*; *H NMR (400 MHz, CDCl3) & = 1.16
(3H, d, /= 6.1 Hz), 1.26 (3H, d, J = 6.1 Hz), 1.29 (3H, s), 4.68 (1H, seqt, J = 6.1 Hz), 5.19 (1H, d, J =
12.0 Hz), 5.19 (1H, s), 5.36 (1H, d, J = 12.0 HZ), 7.36 — 7.42 (5H, m), 7.46 — 7.50 (1H, m), 7.60 — 7.64
(1H, m), 7.66 — 7.68 (1H, m), 7.96 — 7.98 (1H, m); *C NMR (100 MHz, CDCl3) & = 20.0, 23.6, 23.7,
67.5, 67.9, 79.0, 84.9, 118.9, 122.9, 126.1, 127.9, 128.49, 128.53, 128.64, 129.2, 134.6, 134.8, 143.4,
171.3, 191.2; MS (El) m/z = 383 (M*+1), 247, 205, 181, 163, 149, 105, 90, 78, 64, 52, 42, 26, 14;
HRMS (El) Calcd for CxH20s (M*+H): 383.1493. Found: 383.1470; R, = 0.61 (2:3 AcOEt/hexane).
Endo-8b: Colorless ail; [a]p? = —33° (¢ 0.26, CHCl3); IR (Neat) 3069, 3034, 2982, 2938, 2874, 1738,
1711, 1603, 1499, 1456, 1373, 1296, 1208, 1130, 1088, 1073, 1051, 1032, 1015, 949, 924, 885, 843,
801 cm*; 'H NMR (400 MHz, CDCl3) & = 1.35 (3H, d, J = 6.3 Hz), 1.41 (3H, d, J = 6.3 HZz), 2.48 (3H,
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), 4.64 —4.74 (1H, m), 4.71 (1H, s), 4.85 (1H, d, J = 12.2 Hz), 5.01 (1H, d, J = 12.2 Hz), 7.07 — 7.09
(2H, m), 7.26 —7.29 (3H, m), 7.34 —7.42 (1H, m), 7.57 —= 7.61 (1H, m), 7.67 — 7.68 (1H, m), 7.73-7.75
(1H, m); *C NMR (100 MHz, CDCl3) & = 23.8, 24.0, 24.1, 67.3, 67.6, 79.9, 85.9, 119.9, 122.9, 125.9,
128.2, 128.23, 128.28, 128.34, 129.1, 134.3, 134.4, 142.3, 169.4, 190.7; MS (El) m/z = 383 (M*+1),
247, 205, 191, 162, 149, 132, 105, 92, 76, 65, 51, 39, 26, 14; HRMS (El) Calcd for CyoH2306 (M™+H):
383.1493. Found: 383.1470; Ry = 0.54 (2:3 AcOEt/hexane). The enantiomeric excess was determined
by HPLC analysis. Exo-isomer (DAICEL Chiralpak® AD, 1:19 i-PrOH/hexane, Flow rate = 0.5
mL/min, 35 °C): tz = 11.5 min (minor) and 16.6 min (major). Endo-isomer (DAICEL Chiralpak® AD,
1:19 i-PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C): tg = 14.8 min (minor) and 24.9 min (major).

5,8-Epoxy-5-methoxy-6-exo-(2-oxazolidinoyl)car bonyl-9-0x0-6,7,8,9-tetr ahydr o-5H-
benzo-cycloheptene (exo-10) and 5,8-Epoxy-5-methoxy-6-endo-(2-oxazolidinoyl)car bonyl-9-oxo-
6,7,8,9-tetra-hydr o-5H-benzocycloheptene (endo-10). A solution of 2,6-big[(4S)-(-)-4-phenyl-2-
o oxazolin-2-yl]pyridine ((S,S)-Pybox-Ph, 18.5 mg, 0.05 mmoal) in THF (1.5 mL) was
o, o addedtoasolution of Yb(OTf)3 (31.0 mg, 0.05 mmol) in THF (1 mL). After stirring
MeO N._’ the mixture for 2 h, The solvent was removed in vacuo and resulting solid was dried

in vacuo (< mmHg) at 120 °C for 5 h. A solution of Yb(l11)-Pybox complex in
O 4 CH.CI; (3 mL) was added to a suspension of 3-acryloyl-2-oxazolidinone (9, 144.1
go mg, 1.0 mmol) and MS 4A (0.5 g) in CH,Cl, (1 mL). After added Rhy(OAc)4 (4.4

mg, 0.01 mmol) and CH,Cl, (1 mL), the mixture was cooled to —25 °C, and then a
solution of diazoactophenone 1 (102.1 mg, 0.5 mmol) in CH,Cl, (5 mL) was added over a period of 6 h.
After removal of MS 4A through celite, the reaction mixture was filtered through a plug of silicagel (3
cm) with AcOEt/hexane (1:1, 100 mL) as an eluent. The solvent was removed in vacuo, and the residue
was purified by column chromatography (3:7 AcOEt/hexane) to provide 149.5 mg (94%) of a mixture
of exo-10 and endo-10. The exolendo ratio was determined by *H NMR analysis (exo:endo = 82:18).
Colorless solid; [a]p® = +52 ° (¢ 0.99, CHCl3, A mixture of exo-10 and endo-10 (88:12)); IR (KBr, A
mixture of exo-10 and endo-10) 2976, 2955, 2926, 2874, 1780, 1688, 1601, 1472, 1456, 1440, 1385,
1316, 1302, 1287, 1263, 1223, 1161, 1121, 1096, 1073, 1049, 1022, 1009, 978 cm'*; Found: C, 60.59; H,
4.72; N, 4.24%. Calcd for CigH1sNOg: C, 60.57; H, 4.77: N, 4.41%. Exo-10: *H NMR (CDCl3, 400
MHz) 6 =1.82 (1H, ddd, J = 1.7, 9.0, 13.7 Hz), 3.13 (1H, ddd, / = 3.9, 9.3, 13.7 Hz), 3.33 (3H, 5), 3.9 -
4.0 (1H, m), 4.1 -4.2 (1H, m), 4.2 -4.5 (2H, m), 4.58 (1H, dd, J = 3.9, 9.0 Hz), 4.88 (1H, dd, J = 1.7,
9.3 Hz), 7.3 — 8.0 (4H, m, ArH); **C NMR (100 MHz, CDCls) & = 28.6, 43.0, 49.0, 53.9, 62.0, 80.2,
108.5, 124.7, 127.2, 129.2, 129.7, 134.3, 143.0, 153.1, 170.5, 194.6; R, = 0.51 (ether). Endo-10: 'H
NMR (CDCl3, 400 MHz) & = 2.22 (1H, ddd, J = 1.5, 5.6, 13.4 Hz), 2.72 (1H, ddd, J = 8.9, 10.9, 13.4
Hz), 3.4-3.5(1H, m), 3.52 (3H, s), 3.6 —3.8 (1H, m), 4.2 - 4.5 (2H, m), 4.78 (1H, dd, J = 1.5, 8.9 Hz),
5.00 (1H, dd, J = 5.6, 10.9 Hz), 7.3 — 8.0 (4H, m); **C NMR (100 MHz, CDCl3) & = 29.6, 43.2, 46.8,
51.8, 61.9, 79.9, 108.2, 123.4, 126.9, 129.2, 130.2, 133.4, 142.3, 153.1, 170.5, 194.3; R, = 0.45 (ether).
The enantiomeric excess was determined by HPLC analysis (DAICEL Chirapak® AS, 1:4 i-
PrOH/hexane, Flow rate = 0.5 mL/min, 35 °C). Exo-isomer: tg = 25.9 min (major) and 30.1 min
(minor). Endo-isomer: tg = 55.1 min (major) and 120.9 min (minor).
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X-ray crystallographci analysis of (-)-exo-6f

A. Crystal Data
Empirical Formula CooH17BrOs¢
Formula Weight 433.25
Crystal Color, Habit colorless, block
Crystal Dimensions 0.20x 0.15 x 0.15 mm
Crystal System orthorhombic
Lattice Type Primitive

No. of Reflections Used for Unit
Cell Determination (26 range)
Indexing Images

Camera Radius

Lattice Parameters

Space Group
Z vaue
Dcalc

Fooo
u(MoKa)

B. Intensity Measurements

Diffractometer
Radiation

Temperature

Voltage, Current

Collimator Size

Detector Aperture

Data Images

Oscillation Range (¢ = 0.0°, = 45°)
Oscillation Range (¢ = 180.0°, y = 45°)
Camera Radius

Pixel Size

Zamax

No. of Reflections Measured

Corrections

C. Structure Solution and Refinement

Structure Solution
Refinemen
Function Minimized

20546 (6.1 — 60.1°)
3 oscillations at 0.6 minutes
127.40 mm
a= 5122(3) A
b= 17.263(8) A
c= 21.099(7) A
V = 1866(1) A®
P212:2; (#19)
4
1.542 g/cm®
880.00
22.44 cm™t

Rigaku RAXIS-RAPID Imaging Plate
MoKa (A =0.71075 A)

graphite monochromated

-120°C

60 kV, 90 mA

0.5mm

280.0 mm x 256.0 mm

44 exposures at 0.5 minutes per degree
@ 130.0 — 190.0° with 5.0° step

@ 0.0 — 160.0° with 5.0° step

127.40 mm

0.100 mm

60.1°

Total: 22517

Unique: 3129 (R;,, = 0.029)
Lorentz-polarization

Absorption

(trans. factors: 0.5950 — 0.7140)

Direct Methods (SIR97)
Full-matrix |least-squares
S w (Fo? — Fc?)?

S15



Supporting Information

Least Squares Weights

p-factor

Anomalous Dispersion

No. of Observations
(1>-3.000(1), 26<60.07°)

No. Variables
Reflection/Parameter Ratio
Residuals: R; Rw

Residuals: R1

No. of Reflectionsto calc R1
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map
Flack parameter

Table 1. Atomic coordinates and Biso/Beq

atom
Br(1)
O(1)
0O(2)
O(3)
O(4)
O(5)
O(6)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19
C(20)
H(1)
H(2)

X y
0.47690(4) 0.67666(1)
1.1766(3) 0.11224(7)
0.6997(2) 0.24779(6)
0.7157(3) 0.19874(6)
1.0750(2) 0.19564(6)
0.9247(3) 0.38957(6)
1.1932(2) 0.36598(6)
0.8578(4) 0.07939(9)
0.7991(4) 0.0058(1)
0.6054(4) ~0.0380(1)
0.4687(4) ~0.00893(9)
0.5239(4) 0.06491(9)
0.7211(3) 0.10880(9)
0.7995(3) 0.18825(9)
0.8979(3) 0.26618(9)
1.1108(3) 0.20550(9)
1.0618(3) 0.12831(9)
0.7837(6) 0.2719(1)
0.7844(4) 0.26286(9)
1.0017(4) 0.34754(8)
1.2910(4) 0.44562(9)
1.0941(3) 0.50241(9)
0.9884(4) 0.55978(8)
0.8073(4) 0.6120(1)
0.7303(4) 0.60609(9)
0.8302(4) 0.5490(1)
1.0126(4) 0.49765(9)
0.8918 —0.0142
0.5664 —0.0883

w = U[oX(Fo?)]
0.0180
All non-hydrogen atoms

5399

245

22.04
0.040; 0.052
0.026

4613

1.02

0.001

0.45¢ /A3
-0.20¢ /A3
—0.003(5)

z Beg
0.487896(8) 3.494(4)
0.42803(5) 3.73(3)
0.31551(4) 1.96(2)
0.21287(4) 2.82(3)
0.27858(5) 2.26(2)
0.30517(5) 3.07(3)
0.38788(5) 2.35(2)
0.34949(7) 2.20(3)
0.37308(8) 2.87(4)
0.34441(8) 3.20(4)
0.29316(7) 2.95(4)
0.26945(7) 2.49(3)
0.29716(6) 1.92(3)
0.27369(7) 2.16(3)
0.36094(6) 1.79(3)
0.34563(7) 2.16(3)
0.37931(7) 2.41(3)
0.18406(8) 4.64(5)
0.42801(7) 2.42(3)
0.34662(6) 2.02(3)
0.38304(8) 2.68(4)
0.40817(7) 2.18(3)
0.36969(6) 2.72(3)
0.39311(7) 2.85(4)
0.45566(7) 2.39(3)
0.49457(7) 2.99(4)
0.47065(7) 2.79(4)
0.4085 3.434
0.3601 3.827
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Table 1. (Continued from the preceding page)

H(3) 0.3360
H(4) 0.4274
H(5) 1.2801
H(6) 0.9659
H(7) 0.6907
H(8) 0.7386
H(9) 0.9201
H(10) 0.7061
H(11) 0.6565
H(12) 1.4473
H(13) 1.3257
H(14) 1.0411
H(15) 0.7373
H(16) 0.7741
H(17) 1.0827
By =

2U23(bb* cc*)cose)

—0.0393
0.0850
0.2249
0.2805
0.3125
0.2708
0.2705
0.2136
0.3022
0.4501
0.4572
0.5632
0.6512
0.5451
0.4587

Table 2. Anisotropic Displacement Parameters

atom
Br(1)
O(2)
0O(2)
O(3)
O(4)
O(5)
O(6)
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)

ull

0.0353(1)
0.053(1)
0.0184(6)
0.0517(9)
0.0223(7)
0.0491(9)
0.0242(7)
0.026(1)
0.043(1)
0.045(1)
0.032(1)
0.028(1)
0.0219(9)
0.0257(9)
0.0170(8)
0.0171(8)
0.026(1)
0.105(2)
0.027(1)
0.0215(9)
0.026(1)
0.024(1)
0.046(1)
0.046(1)
0.026(1)

u22 u33
0.0390(1)  0.0585(1)
0.0337(7)  0.0548(7)
0.0265(6)  0.0294(5)
0.0304(6)  0.0252(5)
0.0297(6)  0.0338(5)
0.0283(6)  0.0391(6)
0.0230(6)  0.0421(6)
0.0258(8)  0.0320(8)
0.0303(9)  0.0352(8)
0031(1)  0.0454(9)
0.0358(9)  0.0443(9)
0.0344(8)  0.0323(7)
0.0248(8)  0.0262(7)
0.0285(9)  0.0277(7)
0.0255(8)  0.0254(7)
0.0264(8)  0.0385(8)
0.0269(8)  0.0389(8)
0033(1)  0.0383(9)
0.0344(9)  0.0303(7)
0.0248(7)  0.0304(7)
0.0263(9)  0.0491(9)
0.0225(8)  0.0361(8)
0.0272(8)  0.0300(7)
0.0283(9)  0.0341(9)
0.0263(8)  0.0385(8)

0.2738
0.2347
0.3549
0.1883
0.2044
0.1403
0.4581
0.4348
0.4329
0.4070
0.3399
0.3266
0.3666
0.5374
0.4975

u12
~0.0001(1)
0.0002(7)
0.0036(5)
0.0040(6)
0.0023(5)
—0.0015(6)
~0.0028(5)
—~0.0004(7)
~0.0036(9)
~0.0121(9)
~0.0087(9)
0.0028(9)
0.0032(7)
0.0038(8)
0.0005(7)
~0.0001(7)
0.0030(8)
0.004(1)
~0.0027(8)
0.0029(8)
~0.0065(8)
~0.0069(7)
~0.000(1)
0.0041(9)
~0.0061(8)

3.540
2.983
2.599
5.583
5.583
5.583
2.906
2.906
2.906
3.216
3.216
3.256
3.405
3.558
3.353

U13
0.0031(1)
—~0.0287(7)
~0.0026(5)
~0.0049(6)
0.0082(5)
—0.0104(6)
~0.0071(5)
0.0029(7)
~0.0035(9)
0.0067(9)
0.0030(9)
~0.0023(9)
0.0034(7)
~0.0002(7)
~0.0035(6)
~0.0028(7)
—~0.0026(8)
~0.009(1)
~0.0021(7)
0.0005(8)
0.0004(8)
~0.0011(7)
0.006(1)
~0.0035(8)
0.0004(8)

u23
—0.01706(8)
0.0068(6)
—0.0076(4)
~0.0016(4)
~0.0010(4)
0.0046(5)
—0.0005(5)
~0.0015(7)
0.0040(7)
—0.0014(8)
~0.0145(7)
~0.0101(6)
—0.0060(6)
~0.0049(7)
~0.0011(6)
~0.0027(7)
0.0007(6)
0.0062(8)
~0.0015(7)
~0.0027(5)
~0.0026(7)
~0.0025(6)
0.0030(6)
0.0032(7)
~0.0078(7)

8/3 ni(Un(aa*)® + Usx(bb*)® + Uss(cc*)® + 2Ui(aa*bb*)cosy + 2Uis(aa*cc*)cosf +
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Table 2. (Continued from the preceding page)
0.041(1)
0.0346(8)

C(19)
C(20)

The general temperature factor expression:

0.042(1)
0.039(1)

~0.0036(9)
0.002(1)

0.0058(8)

~0.0014(9)

0.0023(7)
0.0079(6)

exp(—2n(@* *Unh® + b*?Unxh® + ¢**Ussl® + 2a*b* Upohk + 2a* c* Unshl + 2b* ¢* Ugskl))

Table 3. Bond Lengths (A)

atom
Br(1)
0O(2)
O(3)
O(4)
O(5)
O(6)
C(1)
C(2)
C(4)
C(6)
C(8)
C(9)
C(15)
C(16)
C(18)
C(2)
C(4)
C(9)
C(11)
C(12
C(12
C(149)
Cc(17)
C(20)

atom
C(18)
C(7)
C(7)
C(7)
C(13)
C(14)
C(6)
C(3)
C(5)
C(7)
C(12)
C(10)
C(16)
C(17)
C(19)
H(1)
H(3)
H(5)
H(7)
H(9)
H(11)
H(13)
H(15)
H(17)

Table 4. Bond Angles (°)

atom
C(7)
C(7)
C(2)
C(6)
C(2)
C(4)
C(1)
O(2)
O(2)
O(3)
0(2)

atom
0(2)
O(4)
C(1)
C(1)
C(3)
C(5)
C(6)
C(7)
C(7)
C(7)
C(8)

atom
C(8)
C(9)
C(6)
C(10)
C(4)
C(6)
C(7)
O(3)
C(6)
C(6)
C(9)

distance
1.906(2)
1.448(2)
1.365(2)
1.421(2)
1.203(2)
1.467(2)
1.402(2)
1.386(3)
1.398(2)
1.513(2)
1.531(2)
1.531(2)
1.390(2)
1.384(3)
1.381(2)
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95

angle

108.4(1)
102.1(1)
120.2(2)
118.6(1)
120.4(2)
119.5(1)
117.0(2)
111.6(1)
110.5(1)
110.1(1)
102.1(1)

atom
O(1)
O(2)
O(3)
O(4)
O(6)
C(1)
C(1)
C(3)
C(5)
C(8)
C(8)
C(14)
C(15)
C(17)
C(19)
C(3)
C(5)
C(11)
C(11)
C(12)
C(14)
C(16)
C(19)

atom
C(7)
C(13)
C(2)
C(1)
C(3)
C(1)
C(5)
O(2)
O(3)
O(4)
0(2)

atom
C(10)
C(8)
C(11)
C(9)
C(13)
C(2)
C(10)
C(4)
Cc(6)
C(9)
C(13)
C(15)
C(20)
C(18)
C(20)
H(2)
H(4)
H(6)
H(8)
H(10)
H(12)
H(14)
H(16)

atom
O(3)
O(6)
C(1)
C(2)
C(4)
C(6)
C(6)
C(7)
C(7)
C(7)
C(8)

atom
C(11)
C(14)
C(10)
C(3)
C(5)
C(5)
C(7)
O(4)
O(4)
C(6)
C(12)

distance
1.217(2)
1.432(2)
1.444(2)
1.437(2)
1.350(2)
1.397(2)
1.484(2)
1.383(2)
1.392(2)
1.546(2)
1.532(2)
1.503(2)
1.385(2)
1.381(2)
1.383(3)
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95

angle

115.8(1)
115.1(2)
121.2(1)
119.6(2)
120.5(2)
119.7(1)
123.3(2)
104.0(1)
111.6(1)
108.8(1)
110.0(2)
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Table 4. (Continued from the preceding page)

0O(2)
C(9)
O(4)
C(8)
O(1)
O(5)
O(6)
C(149)
C(16)
C(16)
Br(1)
C(18)
C(1)
C(2)
C(3)
C(4)
O(4)
C(10)
O(3)
H(6)
H(7)
C(8)
H(9)
H(10)
O(6)
C(15)
C(15)
C(16)
C(18)
C(15)

C(8)
C(8)
C(9)
C(9)
C(10)
C(13)
C(13)
C(15)
C(15)
C(17)
C(18)
C(19)
c(2)
c(3)
C(4)
C(5)
C(9)
C(9)
C(11)
C(11)
C(11)
C(12)
C(12)
c(12)
C(14)
C(14)
C(16)
C(17)
C(19)
C(20)

Table 5. Torsion Angles (°)

atom
Br(1)
O(1)
O(2)
0(2)
0O(2)
0O(2)
0(2)
O(3)
O(3)
O(4)
O(4)
O(4)
O(4)
O(5)

atom
C(18)
C(10)
C(10)
C(7)
C(7)
C(8)
C(8)
C(7)
C(7)
C(7)
C(7)
C(9)
C(9)
C(13)

C(13) 108.5(2)

C(13) 109.6(1)

C(8) 101.3(2)

C(10) 112.1(2)

C(9) 120.8(1)

O(6) 124.4(1)

C(8) 110.0(1)

C(16) 121.3(2)

C(20) 118.7(2)

C(18) 119.0(2)

C(19) 119.8(1)

C(20) 119.4(1)

H(1) 120

H(2) 119

H(3) 119

H(4) 120

H(5) 111

H(5) 111

H(7) 109

H(7) 109

H(8) 109

H(10) 109

H(10) 109

H(11) 109

H(13) 109

H(13) 109

H(14) 119

H(15) 120

H(16) 120

H(17) 119
atlom  atom angle
C(17) C(16) —179.0(1)
Cl C@ -6.1(3
C9 O(4) 149.3(2
O(3) C(11) 58.3(2)
C6) C(1) -758(2
CO O(4  315(1)
C(13) O(5) 1.8(2)
O(2) C(8) -143.2(1)
C6) C(1) 160.5(1)
O(2 C(8) -—22.7(1)
Cc®6) C(1) 3792

c(8) C(12) 151.0(2)

C(10) C(1)
c(e C(9)

-33.8(2)
112.5(2)

C(9)
C(12
O(4)
O(2)
C(1)
O(5)
O(6)
C(14)
C(15)
Br(1)
Cc@a
C(15)
C(3)
C(4)
C(%)
C(6)
C(8)
O(3)
O(3)
H(6)
C(8)
C(8)
H(9)
O(6)
C(15)
H(12)
C(17)
C(18)
C(20)
C(19)

atom
Br(1)
O(2)
O(2)
O(2)
O(2)
O(2)
O(2)
O(3)
O(3)
O(4)
O(4)
O(4)
O(5)
O(5)

C(8)

C(8)

C(9)

C(10)
C(10)
C(13)
C(14)
C(15)
C(16)
C(18)
C(18)
C(20)
C(2)

c(3)

C(4)

C(5)

C(9)

C(12)
C(11)
C(11)
c(12)
c(12)
c(12)
C(14)
C(14)
C(14)
C(16)
C(17)
C(19)
C(20)

atom atom
C(18) C(19)
C(10) C(1)
C(10) C(9)

C(7)
C(7)
C(8)
C(8)
C(7)
C(7)
C(7)
C(7)
C(9)

O(4)
C(6)
C(9)
C(13)
O(4)
C(6)
O(3)
C(6)
C(8)

C(13) O(6)
C(13) C(8)

C(12) 115.8(1)
C(13) 110.4(1)
C(10) 109.4(1)
C(2) 124.7(2)
C(9) 114.5(1)
C(8) 125.6(1)
C(15) 111.0(2)
C(20) 120.0(2)
C(17) 121.1(2)
C(17) 119.2(1)
C(19) 121.0(2)
C(19) 120.9(2)
H(1) 120
H(2) 119
H(3) 119
H(4) 120
H(5) 111
H(6) 109
H(8) 109
H(8) 109
H(9) 109
H(11) 109
H(11) 109
H(12) 109
H(12) 108
H(13) 109
H(14) 119
H(15) 120
H(16) 120
H(17) 119
atom angle
C(20) 179.5(2)
Cce) 173.1(2)
C(8) —99.1(2
C(9)  43.4(1)
C(5) 104.3(2
C(10) -85.1(1)
o(6) -178.7(2)
C(9) 163.8(1)
C(5) -19.4(2

C(11) -57.6(2)
C(5) -142.0(2)
C(13) -83.3(1)
C(14)  5.4(2)
C(12) —118.8(2)
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Table 5. (Continued from the preceding page)

O(6)
O(6)
C(1)
C(1)
C(2)
C(2)
C(3)
C(4)
C(6)
C(6)
C(7)
C(7)
C(7)
C(8)
C(10)
C(14)
C(15)
C(16)
C(17)

C(13) C(8 C(9 -68.0(2) O(6)
C(14) C(15) C(16) -119.2(2) o(6)
C2 C@B Cc@ -0703 c(1)
C(10) C(9) C(B) 77812 c(2)
Cc(l) C() C(7) —178.9(2) c(2)
cCB3 C@ cB 0103 c(3)
C(2 C(1) C(10) 179.4(2) c(3)

C(5) C(6) C(7) 178302 c(5)
C(l) C(10) C(O -36(2 C(6)
Cc(7) O(3) C(11) -1785(2) C(6)
02 CB CO -56(1) c(7)
0(2) C(8 C(13) 110.0(1) c(7)
O(4) C(9 C(10) 7251 c(7)
C(13) O(6) C(14) -174.2(1) C(10)
C(9 C(8 C(13) 160.0(1) C(13)
C(15) C(16) C(17) -179.9(2) C(14)
C(16) C(17) C(18) -05(3) C(15)
C(15) C(20) C(19) -0.2(3) C(16)
C(16) C(15) C(20) 0.7(3) C(17)

Figure 1. ORTEP Drawing of (-)-exo-6f
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C(17)
C(18)

Ty

C(8) C(12) 60.8(2)
C(15) C(20) 60.1(2
C(5) C(4) -1.6(2)
C(6) C(5) 1.0(2)
C(10) C(9) 177.1(2
C(1) C(6) 0.1(3)
C(5) C(6) 1.1(3)
CD C(10) —178.2(2)
02 C(8) 93.9(2)
o4 C(9 -745(1)
C(8) C(12) —129.2(1)
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C(1) C(10 1.9(2)
C(8) C(12) 3442
C(14) C(15 72.2(2
C(20) C(19) —179.5(2)
C(19) C(18) -0.6(3)
C(18) C(199 -0.4(3
C(19) C(20) 0.9(3)
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