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Supplementary Material

General. All Reactions were carried out under an inert atmosphere. Dichloroethane, HMDS,
benzene, DMSO and DMF were distilled from CaH, under atmospheric or reduced pressure.
Et;N was distilled from KOH under atmospheric pressure. Triethylsilane was distilled and
passed through Al,Os before using. Unless otherwise described, other materials were obtained
from commercial suppliers and used without further purification. Organic extracts were dried
over MgSQOy or Na,SOy, filtered and concentrated under reduced pressure using an evaporator.
All melting points are uncorrected. The 'H and “C NMR spectra were reported in ppm
downfield from TMS (& = 0) for the 'H NMR and relative to the central CDCl; resonance (& =

77.00) for the *C NMR.

Preparation of 1 (Scheme S-1)

Scheme S-1.
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Methyl (2E)-6-(2-Trimethylsilyloxy-1-cyclohexenyl)-2-hexenoate (1). To a solution of 15
(512 mg, 2.28 mmol) and HMDS (1.15 mL, 5.45 mmol) in CH,Cl, (6.0 mL) was added TMSI
(0.39 mL, 2.74 mmol) at —78 °C. After 5 minutes, to the reaction mixture was added to Et,O
and one portion of brine. The organic layer was washed with brine, dried and concentrated. The
residue was purified by column chromatography on silica gel with 20% AcOEt/hexane to give 1
(400 mg, 59%) as colorless oil. IR (neat) v 2930, 2858, 2838, 1727, 1679, 1658, 1436, 1269,

1252, 1171, 929, 844; 'H NMR (300 MHz, CDCly) 7.12 (dt, 1H, J= 15.7, 6.9 Hz), 5.83 (dt, 1H,
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J=15.7, 1.5 Hz), 3.72 (s, 3H), 2.18 (dddd, 2H, J = 6.9, 6.9, 6.9, 1.5 Hz), 2.07-2.00 (m, 4H),
1.94 (t, 2H, J = 5.9 Hz), 1.69-1.40 (m, 6H), 0.16 (s, 9H); '*C NMR (75 MHz, CDCl3) & 167.3,
150.0, 143.7, 120.8, 114.9, 51.2, 32.0, 30.2, 29.5, 27.5, 25.9, 23.5, 22.9, 0.59; LRMS (EI) m/z

296 (M"). HRMS m/z caled. for C16H2305Si, 296.1806; found 296.1822.

(IS*,ZR*,3R*,7S*)-1-Hydroxy-Z-methoxycarbony]tricyclo[5.4.0.03’7]undecane (2b).
Colorless oil: IR (neat, cm™") 3436 (br), 2931, 2856, 1730, 1714, 1436, 1272, 1215; '"H NMR
(300 MHz, CDCl3) 6 3.69 (s, 3H), 2.62 (d, 1H, J= 7.8 Hz), 2.44 (dd, 1H, J="7.8, 5.5 Hz), 2.29-
2.20 (m, 1H), 1.89-1.44 (m, 10H), 1.42—1.20 (m, 4H); LRMS (EI) m/z 224 (M"). HRMS m/z

calcd. for C13H,003, 224.1412; found 224.1409.

(1R’,6S",8R")-1-(tert-Butyldimethylsiloxy)-8-

(pentafluorophenoxycarbonyl)bicyclo[4.2.0]octane (frans-6d). Colorless oil; IR (neat, cm ™)
2931, 1779, 1520, 1465, 1293, 1252, 1191, 1104, 1075, 1006, 836, 775; 'H NMR (300 MHz,
CDCl3) 6 3.24 (dd, 1 H, J=10.2, 8.2 Hz), 2.41 (m, 1H), 1.96-1.42 (m, 8H), 1.40-1.22 (m, 2H),
0.89 (s, 9H), 0.17 (s, 3H), 0.16 (s, 3H); °C NMR (75 MHz, CDCl3) d 168.2, 76.8, 49.5, 41.2,
31.8, 25.5, 23.4, 21.1, 20.3, 18.6, 17.8, —2.96; LRMS (EI) m/z 435 (M'—15); Anal calcd for

C,1H27F50581: C, 55.99; H, 6.04, found C, 56.30; H, 6.05.

(1R’,6S",8R")-1-(tert-Butyldimethylsiloxy)-8-
(pentachlorophenoxycarbonyl)bicyclo[4.2.0]octane (frans-6e). Colorless oil; IR (neat, cm ™)
2928, 1773, 1520, 1361, 1104, 1075, 1005, 834, 774, 668; 'H NMR (300 MHz, CDCl3) & 3.24

(dd, 1 H, J=10.2, 8.2 Hz), 2.38 (m, 1H), 1.97-1.72 (m, 3H), 1.65-1.20 (m, 7H), 0.88 (s, 9H),
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0.18 (s, 3H), 0.16 (s, 3H); LRMS (EI) m/z 475 (M'—57); Anal caled for CyHClsOsSi: C,

47.34; H, 5.11, found C, 47.05; H, 5.21.

(1R’,6S",8R")-1-(tert-Butyldimethylsiloxy)-8-(1,1,1,3,3,3-
hexafluoroisopropoxycarbonyl)bicyclo[4.2.0]octane (6f). Colorless oil: IR (neat, cm ') 2932,
2860, 1771, 1465, 1386, 1360, 1291, 1233, 1202, 1111, 837, 775, 690; 'H NMR (300 MHz,
CDCl3) 8 5.77 (m, 1H), 3.06 (dd, 1H, J=10.2, 8.2 Hz), 2.37 (m, 1H), 1.89-1.42 (m, 8H), 1.36—
1.20 (m, 2H), 0.88 (s, 9H), 0.16 (s, 3H), 0.13 (s, 3H); >°C NMR (75 MHz, CDCls) 8169.1, 120.6
(q, /=278 Hz), 76.7, 66.1, 49.3, 41.0, 31.8, 25.3, 21.1, 20.2, 18.5, 17.8, -3.0, —=3.1; LRMS (EI)
m/z 377 (M'=57); Anal calcd for CgHysF0sSi: C, 49.76; H, 6.50, found C, 49.65; H, 6.40.
(1R",6S",85")-1-Hydroxy-8-hydroxymethylbicyclo[4.2.0]octane (trans-7). To a solution of
trans-6a (100 mg, 0.335 mmol) in CH,Cl, (3.4 mL) at —78 °C was added 1M DIBALH-hexane
(0.74 mL, 0.740 mmol), and the mixture was stirred for 90 min at —78 °C. After addition of
MeOH (0.5 mL) and Et,O (3.0 mL), the mixture was stirred for 1.5 h at ambient temperature,
filtered through Celite and evaporated.

A solution of the crude alcohol in IM TBAF-THF (0.7 mL,0.70 mmol) was refluxed for 18 h.
The resulting mixture was diluted with AcOEt, washed with H,O and brine, dried and
concentrated. The residue was purified by column chromatography on silica gel with AcOEt to
give trans-T (24 mg, 46% for 2 steps) as colorless crystals; mp 92-94 °C; IR (KBr, cm™") 3332
(br.), 3266, 2940, 2910, 1458, 1237, 1031, 611; "H NMR (300 MHz, CDCl3) & 3.74-3.55 (m,
2H), 2.93 (br. s, 1H), 2.56 (br. s, 1H), 2.32-1.90 (m, 2H), 1.80-1.18 (m, 9H), 1.01 (q, IH, J =

10.4 Hz); C NMR (75 MHz, CDCl3) & 73.5, 62.1, 48.7, 40.0, 29.4, 23.4, 21.5, 20.1, 19.3;
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LRMS (EI) m/z 138 (M'—18). Anal calcd for CoH;60,: C, 69.19; H, 10.32, found C, 69.00; H,

9.99.

(1R’,6S",8R")-1-Hydroxy-8-hydroxymethylbicyclo[4.2.0]octane (cis-7). Cis-7 was prepared
from cis-6a by same method as that of preparation of trans-7 (79% for 2 steps); Colorless oil;
IR (neat, cm ') 3348 (br.), 2929, 2855, 1437, 1285, 1178, 1036, 668; '"H NMR (300 MHz,
CDCl3) 63.98 (dd, 1H, J=11.2,9.2 Hz), 3.74 (dd, 1H, J = 11.2, 4.7 Hz), 2.86 (br s, 2H), 2.47
(m, 1H), 2.24 (m, 1H), 1.88-1.22 (m, 10H); *C NMR (75 MHz, CDCls) & 73.4, 63.4, 45.3,
40.1, 31.2, 24.4, 21.2, 20.7, 19.2; LRMS (EI) m/z 156 (M"). HRMS caled for CoH;c0,,

156.1150; found 156.1194.

(1R",6R",85")-3,3-Dimethyl-2,4-dioxotricyclo[6.4.0.0"°Jundecane (8). To a solution of cis-7
(11 mg, 70 umol) and a small amount of TsOH in DMF (0.6 mL) was added 2,2-
dimethoxybutane (0.08 mL, 650 pumol) and the mixture was stirred for 8 h at 80 °C. The
mixture was cooled to room temperature and quenched with saturated aqueous NaHCOj; (a few
drops), then H,O was added. Aqueous layer was extracted with Et,O and the combined organic
layer was dried over Na,SO4 and evaporated. The residue was purified by column
chromatography on silica gel with 10% Et,O/hexane to afford 8 (9.4 mg, 68%) as pale yellow
oil; IR (neat, cm ') 2934, 2856, 1449, 1378, 1367, 1241, 1191, 1120, 966, 845; '"H NMR (300
MHz, CDCl;) 6 4.00 (dd, 1H, J=12.4, 3.8 Hz), 3.58 (dd, 1H, J=12.4, 2.2 Hz), 2.41-2.26 (m,
2H), 2.18-2.06 (m, 1H), 2.02—1.88 (m, 2H), 1.69-1.11 (m, 7H), 1.43 (s, 3H), 1.41 (s, 3H); °C
NMR (75 MHz, CDCl3) & 96.6, 76.5, 59.9, 39.0, 35.3, 32.3, 30.1, 29.6, 26.0, 24.0, 22.6, 22.4;

LRMS (EI) m/z 196 (M"). HRMS caled for C1,Hz00,, 196.1463; found196.1502.
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(1R’,6S",85")-1-(Triehtylsiloxy)-8-(1,1,1,3,3,3-

hexafluoroisopropoxycarbonyl)bicyclo[4.2.0]octane (6h). Colorless oil (dr 89 : 11); '"H NMR
(300 MHz, CDCl3) 6 5.78 (m, 1H), 3.31 (dd, 0.1H, J = 7.6, 7.6 Hz), 3.06 (dd, 0.9H, J = 10.2,
8.2 Hz), 2.48 (m, 0.1H), 2.36 (m, 0.9H), 2.04-1.42 (m, 8H), 1.38-1.15 (m, 2H), 0.97 (t, 8.1H, J
=7.7 Hz), 0.93 (t, 0.9H, J = 7.8 Hz), 0.63 (q, 5.4H, J= 7.7 Hz), 0.61 (q, 0.6H, 7.8 Hz); LRMS

(EI) m/z 405 (M'—27). HRMS calcd for C6HasO5F6Si, 405.1321; found 405.1327.

(1R",6S",85")-1-(Triisopropylsiloxy)-8-(1,1,1,3,3,3-

hexafluoroisopropoxycarbonyl)bicyclo[4.2.0]octane (6i). Colorless oil: IR (neat, cm ') 2944,
2868, 1771, 1464, 1386, 1291,1202, 1111, 882, 690; 'H NMR (300 MHz, CDCls) 85.79 (m,
1H), 3.11 (dd, 1H, J = 10.2, 8.2 Hz), 2.40 (m, 1H), 1.91-1.24 (m, 13H), 1.08 (s, 18H); °C
NMR (75 MHz, CDCls) & 169.3, 120.5 (q, J = 278 Hz), 76.4, 66.2 (quint, J = 32 Hz), 49.9,
41.5, 32.4, 23.3, 21.1, 20.4, 18.3, 18.0, 13.0; LRMS (EI) m/z 433 (M'—43). HRMS calcd for

Ci3H27F6038S1, 433.1634; found 433.1635.

(1R",6S",85)-8-(1,1,1,3,3,3-Hexafluoroisopropoxycarbonyl) -1-
methoxybicyclo[4.2.0]octane (6j). Colorless oil: IR (neat, cm’l) 2937, 1769, 1457, 1387, 1360,
1289, 1231, 1202, 1110, 907, 690; '"H NMR (300 MHz, CDCls) §5.77 (m, 1H), 3.31 (s, 3H),
3.16 (dd, 1H, J = 10.4, 8.2 Hz), 2.43 (m, 1H), 1.98-1.74 (m, 3H), 1.66—1.14 (m, 7H); LRMS

(EI) m/z 334 (M"). HRMS calcd for Ci3H;6F¢Os, 334.1004; found 334.1003.
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(1R",58",7R")- and (1R",55",78")-1-(tert-Butyldimethylsiloxy)-7-(1,1,1,3,3,3-
hexafluoroisopropoxycarbonyl)bicyclo[4.2.0]heptane (10a). Colorless oil (dr 60 : 40); 'H
NMR (300 MHz, CDCl;) & 5.84-5.68 (m, 1H), 3.39 (dd, 0.6H, J = 9.9, 9.9 Hz), 3.14 (dd, 0.4H,
J=8.8, 6.3 Hz), 2.67-2.54 (m, 1H), 2.18 (dt, 0.6H, J = 12.6, 9.9 Hz), 1.98-1.28 (m, 7.4H), 0.87
(s, 5.4H), 0.84 (s, 3.6H), 0.12 (s, 1.8H), 0.10 (s, 1.8H), 0.09 (s, 1.2H), 0.03 (s, 1.2H); LRMS

(EI) m/z 405 (M'—15). HRMS calcd for CsHa3F03Si, 405.1319; found 405.1324.

(1R’,7S" 9R")-1-(tert-Butyldimethylsiloxy)-9-(1,1,1,3,3,3-

hexafluoroisopropoxycarbonyl)bicyclo[5.2.0|nonane (10b). Colorless oil: IR (neat, cm ™)
2930, 2857, 1771, 1463, 1386, 1289, 1203, 1111, 837, 775, 690; '"H NMR (300 MHz, CDCls)
05.78 (m, 1H), 3.25 (t, 1H, J=9.6 Hz), 2.40 (m, 1H), 2.14 (dt, 1H, J=11.8, 9.3 Hz), 1.96 (m,
1H), 1.87-1.50 (m, 6H), 1.29-1.10 (m, 4H), 0.91 (s, 9H), 0.19 (s, 3H), 0.15 (s, 3H); °C NMR
(75 MHz, CDCls) 6 169.3, 120.6 (q, J =278 Hz), 82.7, 66.3 (quint, J = 32 Hz), 47.9, 47.3, 34 .4,
33.0,31.9, 26.5, 25.6, 23.6, 21.8, 18.0, =3.1, —3.3; LRMS (EI) m/z 391 (M'=57). Anal calcd for

Ci9H30Fs038Si: C, 50.88; H, 6.74, found C, 50.52; H, 6.65.

(1R’,85",10R")-1-(tert-Butyldimethylsiloxy)-10-(1,1,1,3,3,3-

hexafluoroisopropoxycarbonyl)bicyclo[6.2.0]decane (10c). Cololess solids: mp 4041 °C; IR
(neat, cm™') 2932, 2857, 1772, 1387, 1356, 1289, 1232, 1032, 1023, 1111, 923, 834, 775, 668;
'H NMR (300 MHz, CDCl3) 85.78 (m, 1H), 3.35 (dd, 1H, J = 10.4, 10.4 Hz), 2.13 (m, 1H),
2.03 (m, 1H), 1.80-1.27 (m, 12H), 1.08 (m, 1H), 0.90 (s, 9H), 0.19 (s, 3H), 0.16 (s, 3H); °C

NMR (75 MHz, CDCls) & 169.2, 120.6 (q, J = 278 Hz), 82.2, 66.3 (quint, J = 32 Hz), 48.9,
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47.1, 31.3, 28.8, 26.7, 25.7, 24.6, 24.1, 20.8, 18.2, -2.6, -3.1; LRMS (EI) m/z 405 (M'-57).

HRMS caled for Cy0H3,FsO38S1, 405.1321; found 405.1308.

(1R",6S",8S")-1-(tert-Butyldimethylsiloxy)-8-methoxycarbonyl—6-

methylbicyclo[4.2.0]octane (10d). Cololess oil; IR (neat, cm’l) 2960, 2858, 1732, 1464, 1292,
1223, 1178, 1097, 837, 775; 'H NMR (400 MHz, CDCls) &3.68 (s, 3H), 3.16 (t, 1H, J = 8.8
Hz), 1.83 (t, IH, J=10.4 Hz), 1.67 (m, 2H), 1.57-1.14 (m, 7H), 1.08 (s, 3H), 0.89 (s, 9H), 0.15
(s, 3H), 0.10 (s, 3H) ; °C NMR (75 MHz, CDCl3) & 173.7, 50.9, 48.3, 41.1, 33.1, 32.0, 26.6,
25.9, 25.7, 24.6, 21.4, 20.0, 18.3, —3.2, —3.5; LRMS (EI) m/z 255 (M'=57). Anal calcd for

Ci7H3,058S1: C, 65.33; H, 10.32, found C, 65.38; H, 10.11.

(1R",65°,8S") -1-(tert-Butyldimethylsiloxy)-8-(1,1,1,3,3,3-hexafluoroisopropoxycarbonyl) —
6-methylbicyclo[4.2.0]octane (10d’). Cololess oil; IR (neat, cmﬁl) 2931, 2860, 1771, 1468,
1387, 1360, 1290, 1227, 1105, 907, 837, 777, 689; 'H NMR (400 MHz, CDCl3) [ Jseptet,
1H, J= 6.1 Hz), 3.30 (t, 1H, J = 8.0 Hz), 1.88 (t, 1H, J = 10.7 Hz), 1.80 (m, 1H), 1.66-1.18 (m,
8H), 1.11 (s, 3H), 0.88 (s, 9H), 0.13 (s, 3H), 0.11 (s, 3H); °C NMR (75 MHz, CDCl3) & 170.2,
120.6 (q, J = 278 Hz), 77.9, 66.2 (quint, J = 32 Hz), 48.2, 41.7, 33.0, 31.9, 26.7, 25.6, 24.5,
21.3, 20.0, 18.3, =3.3, —=3.6; LRMS (EI) m/z 391 (M'—57). HRMS calcd for C;sH, F¢O;Si,

391.1164; found 391.1164.

(1R",2R")-1-(tert-Butyldimethylsiloxy)-1-phenyl-2-(1,1,1,3,3,3-
hexafluoroisopropoxycarbonyl)cyclobutane (trans-10e). Colorless oil; IR (neat, cm™) 2960,

2932, 2860, 1774, 1771, 1473, 1386, 1289, 1233, 1200, 1111, 831, 777, 700, 690; '"H NMR
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(300 MHz, CDCls) & 7.46-7.40 (m, 2H), 7.34-7.21 (m, 3H), 5.41 (m, 1H), 3.67 (t, 1H, J=9.2
Hz), 2.83 (dddd, 1H, J = 11.9, 8.2, 3.8, 0.8 Hz), 2.44 (dt, 1H, J= 11.9, 9.7 Hz), 2.23-2.04 (m,
2H), 0.93 (s, 9H), 0.047 (s, 6H); '*C NMR (75 MHz, CDCL3) & 168.2, 141.3, 128.2, 127.9,
125.8, 80.9, 66.2(quint, J = 32 Hz), 53.9, 33.9, 25.6, 17.9, 15.6, -3.1, -3.3; LRMS (EI) m/z 456

(M"). HRMS calcd for CoHa6Fs05Si, 456.1555; found 456.1518.

Estrone analogue (10g). Colorless solids (dr 58 : 42); '"H NMR (300 MHz, CDCl;) 7.24 (d,
0.4H, J= 8.7 Hz), 7.18 (d, 0.6H, J = 8.5 Hz), 6.73 (dd, 0.4H, J=9.2, 2.6 Hz), 6.70 (dd, 0.6H, J
= 8.9, 2.6 Hz), 6.65 (m, 0.4H), 6.63 (m, 0.6H), 5.76 (m, 0.6H), 5.63 (m, 0.4H), 3.78 (s, 1.2H),
3.77 (s, 1.8H), 3.54 (dd, 0.4H, J = 8.8, 8.8 Hz), 3.46 (dd, 0.6H, J=11.4, 8.9 Hz), 2.96-2.60 (m,
3H), 2.46-2.10 (m, 2H), 2.04—-1.86 (m, 1H), 1.80—1.20 (m, 13H), 0.92 (s, 5.4H), 0.84 (s, 3.6H),
0.32 (s, 1.2H), 0.26 (s, 1.8H), 0.16 (s, 1.8H), 0.12 (s, 1.2H); LRMS (EI) m/z 620 (M"). Anal

calcd for C31H4FsO4Si: C, 58.98; H, 6.82, found C, 58.92; H, 6.78.

(1R",6S",7S",8R")-1-(tert-Butyldimethylsiloxy)-7-methyl-8-

(pentafluorophenoxycarbonyl)bicyclo[4.2.0]octane (10h). Colorless oil: IR (neat, cm™') 2931,
2859, 1776, 1520, 1290, 1244, 1195, 1079, 1004, 836, 775; "H NMR (300 MHz, CDCl;) 52.81
(d, 1H, J=10.3 Hz), 2.04 (m, 1H), 1.94 (dd, 1H, J=10.4, 3.3 Hz), 1.84 (br d, 1H, J = 14.6 Hz),
1.71-1.46 (m, 5H), 1.39-1.20 (m, 2H), 1.17 (d, 3H, J = 6.0 Hz), 0.89 (s, 9H), 0.16 (s, 3H), 0.15
(s, 3H); °C NMR (75 MHz, CDCls) & 168.0, 74.3, 57.0, 49.0, 32.7, 27.5, 25.5, 22.1, 21.6, 10.6,
18.9, 17.8, —3.0; LRMS (EI) m/z 407 (M'=57). HRMS calcd for C19H,F503Si, 407.1102; found

407.1107.
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(1R",6S",8R")-1-(tert-Butyldimethylsiloxy)-8-methyl-8-

(hexafluoroisopropoxycarbonyl)bicyclo[4.2.0]octane (10i). Colorless oil: IR (neat, cm™)
2934, 2859, 1790, 1465, 1387, 1355, 1292, 1223, 1200, 1111, 1096, 836, 774, 689; 'H NMR
(300 MHz, CDCl3) 6 5.74 (m, 1H), 2.44 (m, 1H), 1.92 (dd, 1H, J=12.3, 12.3 Hz), 1.83 (d, 1H,
J =123 Hz), 1.67-1.16 (m, 8H), 1.41 (s, 3H), 0.90 (s, 9H), 0.141 (s, 3H), 0.135 (s, 3H); "°C
NMR (75 MHz, CDCls) & 172.9, 120.6 (q, J = 278 Hz), 75.8, 66.1 (quint, J = 32 Hz), 52.1,
38.0, 33.6, 25.6, 25.4,23.3, 21.0, 18.73, 18.65, 18.3, —2.8; LRMS (EI) m/z 391 (M'=57). HRMS

calcd for Ci5sH,1FsO5Si, 391.1164; found 391.1154.
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Preparation of (E)- and (Z)-11 (Scheme S-2)

Scheme S-2.
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2-(4-Acetoxybutylene)cyclopentan-1-one (17). The solution of 4-(1-cyclopeneten-1-
yl)morpholine 16 (650 mg, 4.25 mmol) and 4-acetoxybutanal (580 mg, 4.25 mmol) in MeCN
(8.5 mL) was refluxed for 17 h. After addition of H,O (1.0 mL), the resulting mixture was
further refluxed for 1 h. After dilution with Et,O, organic layer was washed with saturated
aqueous NH4Cl, saturated aqueous NaHCOs3 and brine, dried and concentrated. The residue was
purified by column chromatography on silica gel with 20% AcOEt/hexane to afford 17 (464
mg, 52%) as colorless oil: IR (neat, cm_l) 2960, 1740, 1719, 1650, 1367, 1239, 1182, 1043,
824; '"H NMR (300 MHz, CDCl3) 8 6.52 (tt, 1 H, J= 7.7, 2.7 Hz), 4.08 (t, 2H, J = 7.0 Hz), 2.58
(m, 2H), 2.34 (t, 2H, J = 7.7 Hz), 2.24 (q, 2H, J = 7.0 Hz), 2.05 (s, 3H), 1.94 (quint, 2H, J = 7.7
Hz), 1.81 (quint, 2H, J = 7.0 Hz); °C NMR (75 MHz, CDCls) & 207.1, 171.1, 138.0, 134.3,
63.5, 38.3, 27.2, 26.5, 26.0, 20.7, 19.5; LRMS (EI) m/z 197 (M'+1). HRMS m/z calcd. for

C11H1703, 197.1 177; found 197.1206.



2-(4-Acetoxybutyl)-1-triethylsiloxy-1-cyclopentene (18). To a solution of 17 (1.94 g, 9.89
mmol) in bezene (10 mL) was added Et;SiH (1.74 mL, 10.9 mmol) at 0 °C and stirred for 1 h.
After addition of RhCI(PPhs); (9 mg, 0.1 mol%), the resulting mixture was stirred at 50 °C for 6
h and concentrated. The residue was purified by column chromatography on silica gel with 20%
AcOEt/hexane to afford 18 (2.47 g, 80%) as colorless oil: IR (neat, cm ') 2954, 1742, 1683,
1365, 1241, 1017, 859, 730; "H NMR (300 MHz, CDCl5) & 4.06(t, 2 H, J = 6.6 Hz), 2.30 (br t,
2H,J="7.3 Hz), 2.18 (br t, 2H, J= 7.3 Hz), 2.05 (br t, 2H, J = 7.3 Hz), 2.04 (s, 3H), 1.79 (quint,
2H, J=17.3 Hz), 1.61 (quint, 2H, J = 7.3 Hz), 1.41 (quint, 2H, J = 7.3 Hz), 0.98 (t, 9H, J = 7.8
Hz), 0.64 (q, 6H, J = 7.8 Hz); °C NMR (75 MHz, CDCl;) & 171.3, 147.0, 115.9, 64.5, 33.6,
30.7, 28.4, 25.6, 23.8, 20.8, 19.7, 6.46, 5.25; LRMS (EI) m/z 312 (M"). HRMS m/z calcd. for

C17H3,058S1, 312.2121; found 312.2143.

2-(4-Hydroxybutyl)-1-triethylsiloxy-1-cyclopentene (19). After refluxing the solution of
LiAlH4 (0.45 g, 11.9 mmol) in Et,O (70 mL), a solution of 18 (2.45 g, 7.84 mmol) in Et,O (70
mL) was added slowly with gentle reflux without heating, and resulting mixture was heated
under reflux for 30 min. After the reaction was over, HO (0.5 mL), 15% NaOH (0.5 mL) and
H,0 (0.8 mL) were added slowly at 0 °C. The mixture was dried and concentrated. The residue
was purified by column chromatography on silica gel with 20% AcOEt/hexane to afford 19
(1.86 g, 88%) as colorless oil: IR (neat, cmﬁl) 3385 (br.), 2936, 2876, 1683, 1556, 1348, 1304,
1210, 1017, 859, 730; '"H NMR (300 MHz, CDCl3) &3.64 (t, 2H, J = 6.4 Hz), 2.29 (br t, 2H, J =
7.3 Hz), 2.18 (br t, 2H, J = 7.3 Hz), 2.05 (t, 2H, J = 7.4 Hz), 1.78 (quint, 2H, J = 7.3 Hz), 1.54

(quint, 2H, J = 7.0 Hz), 1.41 (quint, 2H, J = 7.0 Hz), 0.97 (t, 9H, J = 7.8 Hz), 0.64 (q, 6H, J =
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7.8 Hz); PC NMR (75 MHz, CDCl;) & 146.8, 116.3, 62.9, 33.7, 32.5, 30.7, 25.7, 23.7, 19.7, 6.5,

5.3;.LRMS (EI) m/z 270 (M"). HRMS m/z calcd. for CsH300,Si, 270.2013; found 270.2014.

Methyl (2E)-6-(2-Triethylsilyloxy-1-cyclopentenyl)-2-hexenoate ((E)-11). To the mixture of
19 (1.86 g, 6.88 mmol) in DMSO (14 mL) was added Et;N (5.8 mL, 41.6 mmol) and the
mixture was stirred for 1 h. To the mixture, SO3-Py (3.3 g, 20.7 mmol) was added and stirred
for 30 min. The resulting mixture was quenched with H,O and extracted 3 times with Et,0.
Combined organic layer was washed with saturated aqueous NH4Cl, saturated aqueous
NaHCOs and brine, dried and concentrated to afford crude aldehyde, which was used in the
next rection without futher purification.

A mixture of the above aldehyde and methyl (triphenylphosphoranylidene)acetate (2.8 g, 8.37
mmol) in MeCN (30 mL) was stirred for 16 h at rt, and concenrated. The residue was purified
by column chromatography on silica gel with 5% Et,O/hexane to afford (£)-11 (1.59 g, 71% for
2 steps) as colorless oil: IR (neat, cm’l) 2953, 1728, 1682, 1659, 1435, 1269, 1005, 858, 731;
'H NMR (300 MHz, CDCl3) 86.99 (dt, 1H, J=15.7, 6.9 Hz), 5.81 (dt, 1H, J = 15.7, 1.5 Hz),
3.72 (s, 3H), 2.29 (t, 2H, J = 7.2 Hz), 2.32-2.12 (m, 4H), 2.05 (t, 2H, J = 7.6 Hz), 1.78 (quint,
2H, J= 7.2 Hz), 1.50 (quint, 2H, J = 7.6 Hz), 0.97 (t, 9H, J = 8.0 Hz), 0.63 (q, 6H, J = 8.0 Hz);
BC NMR (75 MHz, CDCls) & 167.3, 149.9, 147.3, 120.8, 115.6, 51.2, 33.6, 32.0, 30.7, 25.6,
19.7, 6.46, 5.27; LRMS (EI) m/z 324 (M"); Anal calcd for C13H3,05Si: C, 66.62; H, 9.94; found

C, 66.57; H, 9.95.

Methyl (22)-6-(2-Triethylsilyloxy-1-cyclopentenyl)-2-hexenoate ((£)-11). To the mixture of

19 (150 mg, 0.555 mmol) in DMSO (1.1 mL) was added Et;N (0.77 mL, 5.52 mmol) and the
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mixture was stirred for 30 min. To the mixture, SO3-Py (440 mg, 2.76 mmol) was added and
stirred for 2 h. The resulting mixture was quenched with H,O and extracted 3 times with Et,0.
Combined organic layer was washed with saturated aqueous NH4Cl, saturated aqueous
NaHCOs and brine, dried and concentrated to afford crude aldehyde, which was used in the
next reaction without further purification.

To a solution of (CF;CH;0),POCH,CO,;Me (0.120 mL, 0.567 mmol) and 18-crown-6 (730 mg,
2.76 mmol) in THF (10.0 mL) was added 0.5 M KHMDS-toluene (1.1 mL, 0.550 mmol) and
solution of the above aldehyde in THF (1.0 mL) at —78 °C and the mixture was stirred for 1.5 h.
The resulting mixture was quenched with saturated aqueous NH4Cl, extracted with Et,O.
Combined organic layer was dried and concentrated. The residue was purified by column
chromatography on silica gel with 2% Et,O/hexane to afford (2)-11 (79.5 mg, 44% for 2 steps)
as colorless oil: IR (neat, cmﬁl) 2954, 2876, 1727, 1681, 1646, 1437, 1198, 1174, 1017, 729; 'H
NMR (300 MHz, CDCl3) 6.26 (dt, 1H, J=11.5, 5.8 Hz), 5.76 (dt, 1H, J=11.5, 1.6 Hz), 3.70 (s,
3H), 2.63 (dddd, 2H, J=17.5,7.5,7.5, 1.6 Hz), 2.30 (br t, 2H, J = 6.3 Hz), 2.19 (br t, 2H, J= 7.1
Hz), 2.07 (br t, 2H, J = 7.6 Hz), 1.85-1.72 (m, 2H), 1.60-1.35 (m, 2H), 0.98 (t, 9H, J = 7.8 Hz),
0.64 (q, 6H, J = 7.8 Hz); LRMS (EI) m/z 324 (M"). HRMS m/z calcd. for C;sH3,0:Si,

324.2121; found 324.2148.

(15", 2R", 3R", 7S")-2-Methoxycarbonyl-1-(triethylsiloxy)tricyclo[5. 3. 0. 0>7]decane (12).
IR (neat, cm ') 2952, 1733, 1435, 1201, 1222, 1121, 745, 668; '"H NMR (300 MHz, CDCl5)
53.69 (s, 3H), 2.63 (dd, 1H, J = 6.3, 1.2 Hz), 2.22 (br t, 1H, J = 6.3 Hz), 1.97-1.86 (m, 2H),
1.85-1.62 (m, 4H), 1.61-1.42 (m, 4H), 1.32-1.18 (m, 2H), 0.96 (t, 9H, J = 8.0 Hz), 0.61 (q,

6H, J = 8.0 Hz); C NMR (75 MHz, CDCl3) & 173.0, 82.3, 58.8, 53.8, 50.9, 38.2, 37.6, 35.2,
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32.2, 30.2, 25.8, 24.2, 6.84, 5.95; LRMS (EI) m/z 324 (M"); Anal calcd for Ci3H3,05Si; C,

66.62; H, 9.94, found C, 66.34; H, 9.88.

Determination of Relative Stereochemistry of Cyclobutanes (selected examples).

Scheme S-3.
MeQ  CO,CH(CF3)2 Me®  —oOH MeO OH
O e OO
_— +
H H H
6j trans-20 cis-20
trans/cis=92 : 8 (85%) (6%)
OH OH MeO
—OH «—OTBS +—OH
K TBSC, EtsN 1) Mel, NaH K
_— _—
DMAP 2) TBAF
H (quant.) H (91% for 2 steps) H
trans-7 21 trans-20

Stereochemistry of 6j (Scheme S-3); A diastereomeric mixture of frans- and cis-6j was
reduced to afford two diastereomeric alcohols, which are separable. The major product was
consistent with trans-20 which was prepared from frans-7. Hence, the stereochemistry of the

major diastereomer of 6j was assigned as a frans isomer.

trans-20 from 6j; To a solution of 6j (120 mg, 0.359 mmol) in CH,Cl, (1.0 mL) was added 1
M DIBALH-hexane (0.90 mL, 0.90 mmol) at —78 °C and stirred for 10 h at room temperature.
After addition of MeOH (1.0 mL) and Et,O (6.0 mL), the mixture was stirred for 3 h, filtered
through Celite and evaporated. The residue was purified by column chromatography on silica
gel with 50% Et,O/hexane to give trans-20 (52.0 mg, 85%) and cis-20 (3.8 mg, 6%) as
colorless oil. trans-20; IR (neat, cm‘l) 3386 (br), 2932, 2856, 1463, 1288, 1188, 1138, 1100,
1041, 989; "H NMR (300 MHz, CDCl;) & 3.74-3.52 (m, 2H), 3.26 (s, 3H), 2.42-2.25 (m, 2H),
1.84 (brd, 1H, J=11.8 Hz), 1.73 (q, 1H, J=9.2 Hz), 1.68 (brs, 1H), 1.64-1.18 (m, 7H), 1.09 (q,
1H, J = 10.3 Hz); °C NMR (75 MHz, CDCls) & 78.5, 62.4, 50.5, 43.7, 36.3, 25.2, 24.0, 21.4,

20.2, 19.7; LRMS (EI) m/z 152 (M'~18). HRMS calcd for C1oH;60, 152.1201; found152.1214.
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trans-20 from trans-7. To a solution of trans-7 (218 mg, 1.40 mmol), Et;N (0.30 nL, 2.15
mmol) and DMAP (catalytic amount) in CH,Cl, (3.0 mL) was added TBSCI (230 mg, 1.53
mmol) at 0 °C and stirred for 1 d at ambient temperature. The resulting mixture was quenched
with H,O, extracted with AcOEt, dried and concentrated. The residue was purified by column
chromatography on silica gel with 30% AcOEt/hexane to give 21 (378 mg, quant.) as colorless
oil; "H NMR (300 MHz, CDCls) & 3.70-3.56 (m, 2H), 2.24-2.04 (m, 2H), 1.77 (ddd, 1H, J =
13.6, 13.6, 3.6 Hz), 1.69-1.00 (m, 10H), 0.89 (s, 9H), 0.04 (s, 6H); °C NMR (75 MHz, CDCls)
873.7, 62.6, 48.7, 40.0, 30.2, 25.8, 23.5, 21.6, 20.2, 19.6, 18.1, 5.5; LRMS (EI) m/z 213 (M-
57). HRMS caled for C;1H;;0,S1, 213.1311; found 213.1331.

To a solution of NaH (60% oil dispersion, 35 mg, 0.875 mg) in THF (1.0 mL) was added 21
(150 mg, 0.555 mmol) and Mel (0.35 mL, 5.62 mL) and stirred for 1.5 h at room temperature.
The resulting mixture was cooled to 0 °C, quenched with saturated aqueous NH4Cl, extracted

with Et,O, washed with brine, dried and concentrated to give crude oil of methyl ether.

The above crude oil was dissolved in THF (1.0 mL) and 1 M TBAF-THF (1.0 mL, 1.0 mmol)
was added. After 16 h, the mixture was quenched with H,O, extracted with AcOEt, dried and
concentrated. The residue was purified by column chromatography on silica gel with 60%

AcOEt/hexane to give trans-20 (86.3 mg, 91% for 2 steps) as colorless oil.
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NOESY experiment; For example, NOESY results of reduced-10e, 10h and 10i are shown in

Figure S-1.

'Bu,_CHs

’

Si
Hs¢” 0 H
Phiu|—{miCO,HFIP

trans-10e

'Bu, CH,
1
H,C" 0 H
..IlCOzPFP
}  “CHs
trans-10h
Bu_ CHs;
Si
HaC” O CH,
" ICO,HFIP

H

trans-10i

Figure S-1.
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COgH FIP
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-— NOE

'H and *C NMR Data for Compounds 1, 2b, trans-6a, cis-6a, 6i—j, cis-7, 8, 10a, 10c, 10d’,

10e, 10h, 10i and Z-11. (For compounds lacking of elemental analysis data)
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TMS anol athar
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trans-6a ("H-NMR)
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trans-6a ("C-NMR)
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cis-6a (‘"H-NMR)
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1h 1.00
wtfile
proc 1
[ 2788
ware
wHIXp wit
woe wit
wnt

173.494

77 . 425
77.1281

e

7. 000
76.37%

\\—_7 .

48 . 761

51.221

-B08

36 . 828

——25 487

—e6.887

—21.895

1.804

—17.881

—2.767

;/—2.860

WoAtpari i

cis-6a (‘"H-NMR)
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cis-7 ("H-NMR)
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o o)

13C OBSERVE
axpl  atdidc

SAPLE DEC. & ¥T
dte Apr 20 03 dfrg 298,954
aolvent 13 on H
fila "p  dhp 1

ACQUISTYION dof o
afrq 75,435 de Yyy
o C13 dum w
at 0,073 duf 11050
np 32784 PROCESSTNG
aw 18761.7 1 1.00
o 96800 wtfide
us i6 proc ft
-] 1.0 tn 3aTes
di 1,127
tof o wetr
nt 400 waxp wit,
ot 320 wos wft
alock n wnt
gain not useo

FLAGE.
11 n
in n
ap ¥

DISPLAY
=0 ~1900. 3
w 18781.7
ve 117
L I3
e A0
hzem .61
i 804.00
~t1 7708.3 S
rtp 30002
th 22
inn 1.000
oM no ph

cis-7 (*C-NMR)

d—_.q_.._._._.__._Am.___.___..,_____q,....__._......_I_..._.._.

220 200 180 160 140 . 120 100

37,977
84,440
—21.178
705

19,217

367

—me 45 205

76,575

77 .000

=

77 425
73,307

_4.,._...._wq..__...__..._....__....____1,-__.__‘..._H.____._..._.q
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8 ("H-NMR)

e
X
-
NUS22 INDEX FREQUENCY (PPM) Hr HEIBHT -
® 1.279 =375 14
ws2; : 24: 32 J8T 2001 50 L7 -z .
2 Tue wun 18 16:24: 32 20 by i-em Sho-ume “w
QUENCY [PPH) HE HETEHT 52 1.247 374 1447 .
KpL atdtn uzqu FhE 7.272 218%,.1374 2.8 33 Hwo*m Wﬂm“wum MW
: . 480.3133 7.5 54 . . +
e = EAR -~ 2.1 =5 1.200 50,6802 1.1
t 299.9854 3 4.027 12075686
sotvent " AL T a 4014 12040208 2.5 56 0.003 06241 1.0
e t o . 3.006 11955050 2.7 87 a.000 ©.0000 2.4
L - 5 3.973 1191, 8892 2.6
T . 00 . e 7 3.808 1081 . 2288 2.7
$hra 8. o . 10703099 3.1
tn H1 daf 200 a 3.508 . -
PROCESET ] 3.963 10868872 2.3
b et I N 10 3.557 10889443 2.7
phe ..wwoan ide 1t 11 2371 711.2048 22
b 2550 1n 2768 1@ 2,344 703 2382 28
e i 13 2.340 To1 8847 28
- T e vy i 2320 £37.1948 ae
au loee wmn wft 16 2,32 96,5454 38
tor c0e.0 woe 17 2 314 894,173 12
nt 8 wnt . 2.38 892.2501 11
st 8 ‘@ 2.301 8000525 1.0
ajack " 20 2,133 30,7820 18
gwin not ussg 21 2.108 891.5408 1.4
FlAgS! =2 1,982 568.4126 1.4
a n 23 1.548 5B84.2921 2.4
in n 24 1.831 579.3474 1.7
*® ¥ E] 1,817 wwmnnmm ..M.u.
DISRLAY 26 £.602 26870 .
»n -27.7 27 1.887 358 .8070 i.2
wn 2999.5 28 1.833 486 . 7944 1.1
va 203 28 1.818 484 5753 2.0
e o a0 1.944 483, 1483 1.9
we 380 a1 1.829 n“““w“ ““
1.89 a2 §.824 N .
- 7861.74 13 1 m08 asp 4349 2.3
rf1 871.4 3 1. 400 4458879 18
rfn ° % 14 441.70% 23
a 36 1.474 441, .
ol 1.000 37 1.483 430, 8908 2.0
na coc pn *® 1.481 43, 1287 2.8
n ) 1443 432.9310 o
a 1427 427 9864 21
a“ 1.428 4374370 23.9
a2 1.408 420 2176 22
2 s, 4178224 1.3
44 1.958 407 .B584 2.3
48 1.048 403.9126 1.1
46 1.322 206 3956 1.7
a7 13 303 7% 1.8
a8 1 202 3878081 12
—
— r——— — : —
— —T T —
e et ppm
9 a8 7 6 5
4.08 11.33 O4.20 1.34
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Mut, e
13C OBSERVE
oxp3  stdilc
SAMPLE DEC. & VT
ante win 2t 01 afrg 290,904
solvant €OC13 dan Hi
1l axp anp 1
ACQUISITION aof ]
afrg 75.431 dn ¥y
tn Ci3 omm w
at 0.873 oaf 11080
] 32700 PROCESSING
a 18761.7 1b 1.00
o 9600 wtfile
bs 1§ proc ft
-] 16.0 fn azrea
a1 1.127
tof 0 warr ]
nt 1024 wexp Wit T8xp
ot 192 wen wtt noBG
alack n wnt nn ©
assn nat ueed L.f
FLAS2
11 n
in "
dp ¥
DISPLAY
] -1897.8
o 18781.7
v 117
ac ]
e 400
hzmm .85
is £00.00 ~
ef) T80
rfp 3808.2
th 4
ina 1.000
M no ph
. gz
r o n
©o gRitgEs
. o TEETLL
8 £
g ot 027 H g

220 200 180 180 140 120 100 8o 60 40

8 ("C-NMR)

—22.403

pom ok midal e L ik Lot 3 L AL e dbdis s L) Wi ek Lt et ] ka0 ki .:.F,:_._...__;E bl el ol bl ekl 1k AR A gar  tereid wibdaidhy & Ky
20

0 ppm
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6h ('"H-NMR)

TES product

TR o, Q; QJJ" .

Qu\
Mo

axpt  wtain
SAMPLE DEC. & VT
dute Sep 18 01 dfrg 299,954
solvent TDC13 an H1
tila exp  dof 9
ACQUISITION 1] nnn
atrq 299.5685 dme c
tn Hi  aut 200
at 2.841 PROCESSING
ng 32788 wtfile
L #200.5 proc ft
fo 2250 tn 32788
hs 15
v 10.8 werr react
d1 1.388 waxp wit
wr 600.0 whe
nt 16 wnt
ct L]
ajoek n
gein not ysed
FLABS
11 n
in n
L] ¥
DISPLAY
L1 -28.8
o 2008.5
ve 263
8 o
e 360
Nz 7.89
is 18979.29
rfl1 872.5 -
rfp o
th a0
ins 1.000
m cdc ph
J k h
T T T 7 T o T T — T T — T
9 B 7 & 3 2
b e [ — —_—
a.59 2.03 17.7a
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6i ("H-NMR)
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13C OBEERVE
oxp2  sedize
BhLE DEC. § VT
data S4p 14 01 ding 289,984
nolvent cocly dn HL
fils axp ohp 1
ACOUIBITION dof 0
afrq 75.431 da ¥y
n c13 ome "
ot 0.673 et 11080
na 22788 PROCESBING Fog
P 167817 1b 1.00 L]
L) 0800 wtfile - LR
e 18 proc t T1
v 0.0 tn az7e8
a4 i.127
tof 0 warr
At 1084 waxn wrt
ct 240 wis wrt
sjock noownt
oain not uesd
fLABE
11 n
ih n
dp H
o1sPLAY
= -1898.5
w w817
v 150
[ 0 g
w 00 &
nemn 1.5¢ o
18 500, 60 o
rfl 7703.7 x
rtp 5808.2
h 4
i 1.000
m ne ph
g%z
Ysr E gan
(NI g o
TR g : L 8
: b
- 2
8
o
g
| e A % * A
e e B S LI T e B i o e A o T e R e S
220 200 180 160 140 120 100 BO B0 40 20 [} ppm
aely
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Med  CopMFIF

6j ('"H-NMR)

z
619
M Fz-®
Na-sther
axpl  atdih
SAMPLE CEC. & ¥T
date Dec 12 03 dfrq 299.045
sulvent COC13 dn Hi
file exp dot ]
. ACQUISITION dn L]
afrg 299.848 dmm c
tn Hi dut 200
ot 3.841 PROCESSING
np 32788 wifile <
-~ 4500.5 proc 1t
fb 220 fn 327e8
be 16
™ 10.8  whrt react
di 1.3%3  wexp wit
tot B800.0 whe
nt 18 wnt
ot 18
slock n
98in not used
FLABS
11 n
in n
9 ¥
DISPLAY
E ] -ap.2
w 2609.%
ve 203
ac 0
we 400
hzan 7.80
i 11137 .67 N
rtl 874.7
rip []
th )
ins 1.000
ne ¢dc ph
\l\l —_—— — 1\\ e —_—
.E pllg i
T T T T T T T T T T T " T T T T T T T T T T T T T T T T T
=l 7 B 5 4 3 2 1 bpm
. Y — " I . : . ) .
7.07 87.82 15.27 0.77
13.84 1.27 150.00 -0.1%
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6j ("C-NMR)

A wo T
oy
. o U e
=
136 DBRSERVE ~ 3 .
5
4
axp2 ataide a
n
SAMPLE DEC. & VT ° o
dute Oct 28 01 dafeq W8 348
solvent £oc1z dn Hi "o
file wxp dhe 1
ACQUISITION a0t ]
afrq 75.438 de yry
tn C13 dwa w
at 0.873 det 11030
L] 32788 PROCESSING
- 18761.7 1b 1.00
o 600 wttyle
bs 18 proc ft
e 0.0 tn 32708 !
ds s.127
tot o warr
nt 1024 wexp wft
et 12 woe wrt :
alock n o wit I
Quln not used £
FLAGS *
11 "
in )
L] ¥
OISPLAY
0 -1918.8
L) 18784.7
ve L] ;
© 0 mm l
e 400 ~%p B
hzmm %.50 ThEB
i 500.00 Is
rfl Tr5.8 \_
rip 5808.0
th 14
ins 1.000 B =
e ne ph ] e b
5 J. o ®
o
107
g b
g ﬂ q
. -
& §
; 2
g 4
@
H
be.4
120,5
L SN AL A L0 1 L B B I A e | .__4..__‘_.—~q4._..<4__....._..._.._____q.___.__.-A.IJ._u._.._Au T T
220 200 180 160 140 120 100 80 60 40 , 20 0 ppm
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10a (*C-NMR)

130 OBSERVE
en2 stoide
BAMALE DEC, & VT
date Moy 10 01 dirg 209,984
eclvent €ocly dn AL
f1)e axp  ghp 1
ACGUIBITION daf a
afrq 75,431 on wy
tn Ci3 dme L]
at 0,873 dar 11080
np 27e0 PROCESBING o
- 18761.7 18 1,00 n"
™ 000 wtfile o
be 1% proc ft -1
AW 10.0 In A27sa t
ds 1,127
tof 0 werr
nt 200 wexp wrt,
et 200 whe wit
aleck nownt
gein not used % o
FLASS ~2E
11 n ron
an n P.. Hd
ap ¥ \_
OIBPLAY
L] ~1966.8
wp 87e1.7
e %0
[ 0
we 400
nEzew 2.28
is 80¢.00
rfl 7703.7
rfp Se08.8
th L4 b m
ina 1.000 «
nm na ph .w %
2
2 - -
s o3 Eeea
M 8 LET B
ad « o2
& aF M 1] g
S
o M oo
EZ g 2
3 -
if L s Iy
gg &
T8

th ! * ’ 1 n, T
1 M ) it 0Ll ol UL 8 U i akiidd Aol o Lt il o bl A ] B L _;L_...FF... 1 il e b 2 il ..EL: il B E..:L Foidadion it i1,
220 200 180 160 140 120- 100 80 80 40 20 0 ppm
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10c (‘"H-NMR)

N
£y
E:

s
- TR
WOWOARDE=OOLWD~ARNWWNIANRWND AWK

AN AR
DR - D

8-T8S INDEX  FREQUENCY (PPM)
48 1.479
8-TBS Hed Dsc B 15: 2% 46 JST 2004 80 1.488
51 1.454
expl atdih INDEX FREGUENCY (PPM) Hz HEIBHT 82 1.444
1 7.248 2174.3742 1.2 83 1.421
SAMPLE 0EC. & VT 2 7.245 2173, 9901 2.7 84 5,440
date Dec 501 dfrq 299.848 3 7.240 2171.6272 5.6 58 1.383
salvent [ ER H1 I 5.B06 1741. 4432 0.0 %6 +.367
file axp  dot [} 5 5.800 1739, 7950 1.8 87 1,388
ACQUISTTION on Ann 6 5.788 17333997 2.2 %8 1.843
ateq 299.549 des c 7 5.779 1733, 4788 4.0 8 1,320
tn Hi amf 200 8 5.768 1726.0048 2.9 80 1.348
at 3.841 PROCESSING 8 5.7%9 17274334 5.4 61 1,303
no 32768 wtfile 10 5.744 1723.0381 2.2 82 1.284
[ 4%00.5 proc t 11 5.738 1721119 4.0 63 1.120
o 2080 *n 32708 12 5.723 174B. 7200 0.9 84 1,414
bs 8 13 5.748 1745.0746 1.8 65 1,105
” X o 14 3.387. 1015, 9544 1.5 B6 1.077
i 2155 e e 15 3382, 1n14.30% 3.9 67 1.054
ot 806.0 wow 18 3.351- 1005. 2407 6.1 88 1.035
nt 18 mmt 17 3.347, 1003.8674 4.5 68 0.904
ot " 18 3.323 9967240 a1 7 0.899
alock n 19 3.317- $94.8020 4.0 71 .88
gain ot used 20 2.168 B4D.5010 2.0 72 0.874
FLAGS 21 2,131 €39.0623 2.8 73 0.811
N o 22 2.097 £28.6583 1.3 74 a.197
H 23 2.088 626. 1513 1.4 75 0,182
n n 24 2.083 818.7343 1.4 76 0.181
9 y 28 2.057 617.0884 2.8 77 0.182
DISPLAY 2 2.028 807.7482 485 70 0.1%
s -30.1 27 2.020 800.8233 3.0 78 0.147
w 28005 E] 1.988 596. 4053 3.2
ve 203 28 1,989 506. 4834 45
fod 0 30 1.964 389. 06658 1.0
i 380 a1 1.9%8 867. 4182 1.9
hime 7.89 a2 1.768 8305548 1.0
1n 19248, 44 a3 1.733 519.8418 3.7
rf 2751.4 34 1.728 B4B. 1032 3.0
rip 2171.6 E) 1.882 807.4708 6.5
th 20 % 1.661 498, 1400 a7
ina 1.000 7 1.847 484.0494 5.7
M cde ph 38 1.616 485, 2289 6.2
3 1.610 483.0343 5.4
Y 1.590 470, 5097 3
4 1.589 457, BABO 3.2
42 1.5% 4868238 3.2
4 1.580 484.5040 3.9
a4 1.541 482, 1539 2.8
43 1.531 480, 4322 4.4
48 1,524 457.2083 8.0
47 1.546 4847370 8.3
. 48 1,503 4508911 4.0
S R
T T T T T T T
9 B8 7 3]
— [N
2.84
11.59




10c ("C-NMR)

1y

n
[}

¢14 09 0B Q01 021 ort 09t 081 aoe
ot Lo saa o, T PRI

.r.l.;..l-u..l..;‘i.-

o2

wdd

' IRV S S

169.157

122 426

—————118.706

—82 162
77 . 425
/C;IUO'D

5.575
\76.523

-266
i.au

—_— . —d4B.943
47,091

31.301

*__Ij 25 . 653

811
.670
-7e9
T;.S}lﬂr
4105
‘\—23.692
\ 780

18.214

—_ —2.B47
-3 147
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10d’ ("H-NMR)
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10d’ ("C-NMR)
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10e (‘"H-NMR)

Moady

fron acetophenone product

.xLN ataih

SAMPLE DEC. & VT
dete May 10 01 dirq 299.954
faolvent £nc13 dn HY
file axp  dot a
ACQUISITION e nnn
afrg 299,995 dee © »
11 H1 onf 200
at 3,844 PROCESSING
ne 32768 wtfils
i 4800.5 proc ft
fo A0 In 32788
ow 1%
pw 10.6 warr react
a1 1,989 wexp wit
tof 600.0 wte
nt 18 wnt
ot 1
a19ck n
pain not used
FLAGS
11 [}
in n
L] ¥
DIBPLAY
= -30.2
L 2000.5
va 03
[ 3 Q
e 30
hzas T.80
i 13964, 82
rf) 573.3
rfn 0
th 20
ins 1,000
o cae ph
A ,_hlI e _—PI\&.: Lr i
T T T v T T T T T T y T T T T T T T T T T T T Ty T T T T T —
9 7 8 5 4 3 2 1 ppm
[ ———" [ ——— . s [ r ; [— . ; ¢ ;
e7.53 15.38 48. 31 150,00
18,07 1%.419 16,87 51,685
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13C OBSERYVE
axp2  etdidc
SAMPLE DEC. & ¥T
aeta Mey 10 01 cdfry 299.504
adalvent eneis dn Hi
tils axp  hp 1
ACQUISITION ot L]
afrg 75.431 dw ¥y
tn €13 dna L]
at 0.873 def 11080
np 32768 PROCESSING > E
M 18761.7 1b 1.00 b "
fb G600 wtfile -] Fi
1] 18 proc ft -
o 10.0 In 32768 Ii
al 1,127 3
tof 0 ware ﬁ 2
nt 240 waxp Wit ne
ct 182 wbe nft iy
alack nownt i
asin not used
FLAGS
11 n m m ®
in n h3-1]
<p ¥ Rnwo
DISPLAY E u:
” ~1806.7
wp 18764.7
ve 200
ac 0
we 200
hzen 5.01
ie %00.00
rtl 7704.9 m
rip s608.2 4
) 16 g
ine 1.000
ne no ph
@
e
@
2
@
§
P
«
o -
8 2
g 8
~ m

141342

468 .244

o i Al B VMt ol . o, ikl 3 o 1l LN ks b bkl i st ¢ PR PRI N Yy SYRTT _.rE.nf,;kEEL_—.-,FPL.FuEr}___E>_IEFEF.E.;:EL
220 200 180 160 140 120 100 B0 . B0 40 20 0 pE

10e ("C-NMR)
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10h (‘"H-NMR)

from methacrylste INDEX FREGUENCY (PPM) Hz IBHT

ot e - 45 0.450 45,0812 6.5

feam setheTrytete- Hon Jan 28 1223 30 JST 2002 50 0,140 42.0298 2.8

. 51 0.136 40,5560 2.8

oxpl stdth INDEX FREQUENCY (PPM} Hz HETBHT 52 8.000 ©.0000 9.6
oC. & yT t 7.264 2478.0397 14.4
SAMPLE . 2 2.82% 8474570 10.0
date Wen 28 02 dfrg 299348 a 2.794 838.1171 0.1
ﬂ.».w,i:n cocas nzs :w ] 2.089 €28.5963 1.2
. exp do 5 2.067 620.0034 1.4
ACOUISITION an nnn 6 2.084 8161576 2.8
strg 209.048 dmm ¢ 7 2.048 613.4105 1.1
tn Hi et 200 [ 2.033 809.8394 2.8
at 3.841 PROCESSING 9 2.023 606.8177 2.8
np 32788 wtfile 10 2.012 663.5213 1.1
o 4500.5 proc ft 11 2.002 600 . 4995 2.6
b 225 fn 32788 12 1.983 594.7308 0.9
2 18 13 1.9 587,3138 2.7
pw 10.6 werr react 14 1.947 594.0174 2.5
d1 1.388 waxp Mt 15 1.023 578.8751 1.4
tot 500.0 whe wet 15 1.812 573.5787 1.3
nt 96 wnt 17 1.888 980, 3930 1.9
et S 18 1,620 545.8337 3.3
alack n 19 1.898 20s. 2083 i
20 1.688 727 2
et 21 1les3 495.037% 213
i n 22 1.642 492,541 33
in . 23 1.622 486 4980 2.9
4 24 1.805 4815334 2.9
P y 25 1,506 470,908 EX]
28 1.884 4782362 3.8
i -28.3 27 1.860 4678183 a2
- 2e9.5 28 1.547 4639724 7.1
ve 203 2 1.832 4565772 ‘8.8
g 0 2 1.828 457.3796 7.2
. ._uﬂ a1 1.818 4551819 5.6
. 32 1.330 399, 0679 2.3
i 2010783 33 1.208 380.2834 3.
rfl 871.9 34 1.289 398.7810 as
.n.._.. um = 1.274 382.1414 2.3
n ] 1.287 377.1664 4.0
ins 1.000 37 1.217 365.0798 1.4
na cdc ph 2 1.194 3%8.2120 1.0
El 1.181 354.0014 33.8
40 1.180 . 348.0480 2.7
41 1.082 327.44%3 [
42 0.917 274.9774 12
4 0.898 a88.3843 9.8
4 0.866 2666373 229.0
a 0.878 26028455 1.6
. 0.875 200, 4987 1.0
7 0.170 54,0047 2.3
48 0.160 48.0729 B87.14

e L A e B e B
=] 8 7 G S
[
4,39
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10h (*C-NMR)

fros cratonate

sxp1 stdidc
SAMPLE
date Jen 28 02
salvent coc13
file exp
ACQUISITION

steq 75,429
tn €13

T oat 0.87%
np 32769
aw 18764.7
b 9500
be 16
pw 10.0
d1 1.127
tof ]
nt 1024
ct 480
alock n
gain not used

FLAGS
11 n
in n
an v
DISPLAY

L1 ~1918.7
- 18761.7
v 180
"< Q
wc 400
hzmem &.41
L] 300.00
rfl 77e7.8
rfp 56808.0
th 15
ins 1.000
ns no ph

dafrg 299 . 948
on H1
danp 1
dot 0
dm yyy
dam »
ant 11030
PROCESSING
1 1.00 £28
wtfile Q m @
ﬂnnn ft _HL./ 2
werr _L
waxp wit
L3 wit
wnt

474
<100
1.504

—18.827

17.818

2. 966

168 018
74.343
—49.049
728
7.905
———————mee 2} 613

« i et L b Lt ] 1 i bl 1 1) b L, e e .._P_F.. ....E..,_LEE.FFE .,.:FEF_....:. Ao e, s el
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methacrylate upper
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from mathacrylate

expl wtdidc
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43C DOSERVE
axp3  etdide
SAALE DEC, & VT
dete Aug 31 01 dfrq 289.984
solvent €OC13 dn HL
file oxp dhp 1
ACQUISITION doft ]
ufrq TE.431 o "y
tn Ci3 dms [
at 0.873 omr 11080
ne 32788 PROCESBING g
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