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Part 1. Experimental procedures and spectra data.

General Methods: Reactions were performed using standard syringe techniques under argon unless stated
otherwise. Starting materials and reagents were used as received from suppliers. Acetonitrile (CH3CN),
dichloromethane (CH»Cly), methanol (MeOH), tetrahydrofuran (THF), and toluene were purified by
passing the previously degassed solvents through activated alumina columns. 1,2-Dichloroethane (DCE)
was purified by distillation over calcium hydride. Benzoquinone was purified by recrystallization from
hexanes. Flash chromatography was performed using silica gel (230-400 mesh). Thin layer chromatography
(TLC) was performed using glass-backed silica plates (Silicycle). NMR spectra were recorded on a Bruker
ARX-400 spectrometer or AV-500 spectrometer at room temperature. Chemical shifts (in ppm) are given
in reference to the solvent signal ['H NMR: CDCl; (7.26); *C NMR: CDCl; (77.2)]. IH NMR data are
reported as follows: chemical shifts (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
quin = quintuplet, m = multiplet, br = broad), coupling constant (Hz), and integration. *C NMR data are
reported in terms of chemical shift and multiplicity. High-resolution mass measurements for compound
characterization were carried out using a Waters SYNAPT G2-Si system with QuanTof analyzer or an

Agilent 6550 QTOF system. IR data were recorded on a Thermo Nicolet Nexus 470 FTIR.

General procedure for the synthesis of cyclopropanols:'

A solution of titanium(IV) isopropoxide (1.1 equiv.) and the allyl alcohol (1.0 equiv.) in toluene (0.5 M)
was stirred at room temperature for 1 h, then at 40 °C using an oil bath for 10 min. After volatile components
were removed under vacuum, THF (0.1 M) and the corresponding ester (1.0 equiv.) were added at room
temperature, followed by a solution of cyclopentylmagnesium chloride (2 M, 4.4 equiv.) in tetrahydrofuran,
over a period of 1 h (with a syringe pump). The reaction mixture was then stirred for an additional 30 min
before it was quenched by addition of water (1 ml/1 mmol alcohol). The resulting mixture was stirred for 1
h, dried over anhydrous sodium sulfate, and filtered. The filter cake was washed with CH,Cl,. The
combined filtrates were concentrated under reduced pressure. The resulting residue was purified by flash

chromatography.

OH

Me""
OH

15a: 692 mg; 72%; pale yellow oil; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR
(500 MHz, CDCl3) 8 7.40 — 7.34 (m, 4H), 7.28 — 7.25 (m, 1H), 4.91 (dd, J=5.2, 4.1 Hz, 1H), 2.92 (s, 2H),
2.25-2.22 (m, 1H), 1.87 — 1.81 (m, 1H), 1.30 (s, 3H), 0.56 — 0.52 (m, 1H), 0.42 — 0.38 (m, 2H). *C NMR
(125 MHz, CDCl3) § 144.2, 128.3, 127.4, 125.9, 73.6, 54.5, 37.5, 25.8, 20.3, 20.0. IR (neat, cm™): v=23308,
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2952, 2916, 1451, 1377, 1270, 1045, 758, 699. HRMS (ESI): m/z 175.1117 calc. for C2H;50 * [M+H-
H,O7", found 175.1119.

OH
Ph

15b: 130 mg; 27% yield; white solid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR
(500 MHz, CDCl3) 8 7.67 — 7.55 (m, 4H), 7.47 — 7.40 (m, 4H), 7.39 — 7.31 (m, 1H), 5.00 (t, J = 4.6 Hz,
1H), 2.28 (dt, J= 14.6, 4.1 Hz, 1H), 1.92 (ddd, J = 14.5, 10.0, 5.4 Hz, 1H), 1.36 (s, 3H), 0.59 (dd, J = 9.0,
4.7 Hz, 1H), 0.54 — 0.39 (m, 2H). *C NMR (125 MHz, CDCl;) § 143.1, 140.8, 140.2, 128.8, 127.3, 127.1,
127.0, 126.2, 73.4, 54.5, 37.3, 25.7, 20.2, 20.0. IR (neat, cm™): v = 3316, 3028, 2953, 2916, 1601, 1488,
1446, 1406, 1376, 1269, 1049, 1008, 971, 842, 765, 737, 697. HRMS (ESI): m/z 291.1356 calc. for
Ci1sHxNaO," [M+Na]", found 291.1355.

Me*"
OH
Me

15¢: 150 mg; 39%; colorless liquid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR
(500 MHz, CDCl3) 6 7.25 (d, J= 8.0 Hz, 2H), 7.18 — 7.13 (m, 2H), 4.90 — 4.81 (m, 1H), 3.08 (s, 2H), 2.35
(s, 3H), 2.20 (dt, J=14.4, 4.0 Hz, 1H), 1.86 — 1.78 (m, 1H), 1.30 (s, 3H), 0.53 (q, J = 4.3 Hz, 1H), 0.46 —
0.35 (m, 2H). *C NMR (125 MHz, CDCl5) § 141.0, 136.9, 128.9, 125.7, 73.4, 54.3, 37.4, 25.7, 21.1, 20.3,
19.8. IR (neat, cm™): v = 3358, 2922, 1717, 1445, 1409, 1376, 1270, 1179, 1047, 1020, 972, 815. HRMS
(ESI): m/z 189.1274 calc. for C13H70" [M+H-H,O]", found 189.1275.

OH

OH
F

15d: 240 mg; 51%; colorless liquid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR
(500 MHz, CDCl3) 6 7.34 — 7.26 (m, 2H), 7.06 — 6.88 (m, 2H), 4.87 (t, J = 4.5 Hz, 1H), 3.80 — 3.68 (m,
1H), 3.68 —3.53 (m, 1H), 2.16 (dt,J=14.4,4.1 Hz, 1H), 1.80 (ddd, J = 14.6, 9.9, 5.0 Hz, 1H), 1.30 (s, 3H),
0.53 (dd, J=9.1, 4.9 Hz, 1H), 0.43 — 0.24 (m, 2H). *C NMR (125 MHz, CDCl;) § 161.9 (d, J =274 Hz),
139.8 (d, J =3 Hz), 127.2 (d, J = 9 Hz), 114.9 (d, J = 21 Hz), 72.5, 54.3, 37.4, 25.6, 20.0, 19.9. YF NMR
(471 MHz, CDCl3) § -116.8. IR (neat, cm™): v = 3330, 2951, 2868, 1603, 1508, 1270, 1220, 1156, 1049,
1014, 835. HRMS (ESI): m/z 193.1023 calc. for C12H14sFO" [M+H-H,0]", found 193.1025.
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OH

OH
OTs

15e: 430 mg; 29%; colorless solid; purified by column chromatography (hexane/Et,O = 2/1). "H NMR (500
MHz, CDCls) 6 7.73 — 7.54 (m, 2H), 7.34 — 7.23 (m, 4H), 7.02 — 6.91 (m, 2H), 4.89 (t, J = 4.5 Hz, 1H),
3.25 (s, 1H), 2.94 (s, 1H), 2.44 (s, 3H), 2.17 (dt, J = 14.6, 4.2 Hz, 1H), 1.81 (ddd, J = 14.9, 10.3, 5.0 Hz,
1H), 1.29 (s, 3H), 0.55 (dd, J = 9.3, 5.2 Hz, 1H), 0.38 (t, J = 5.8 Hz, 1H), 0.35 — 0.24 (m, 1H). *C NMR
(125 MHz, CDCl;) 6 148.5, 145.4, 143.2, 132.4, 129.8, 128.5, 126.9, 122.1, 72.6, 54.4, 37.3, 25.6, 21.7,
20.0, 19.9. IR (neat, cm™): v = 3324, 2922, 1597, 1500, 1370, 1197, 1174, 1152, 1093, 865, 815, 663, 552.
HRMS (ESI): m/z 385.1080 calc. for C1oH»NaOsS™ [M+Na]", found 385.1080.

Mem OH O‘
OH

15f: 480 mg; 31%; white solid; purified by column chromatography (hexane/Et,0 = 2/1); "TH NMR (500
MHz, CDCls) 6 8.05 (d, J = 8.1 Hz, 1H), 7.89 (dd, J = 7.6, 2.1 Hz, 1H), 7.77 (dd, J = 20.1, 7.6 Hz, 2H),
7.51(ddd, J=9.7, 5.4, 2.9 Hz, 3H), 5.77 (t, J = 4.5 Hz, 1H), 3.00 (s, 1H), 2.77 (s, 1H), 2.49 (dt, J= 14.5,
4.1 Hz, 1H), 2.04 (ddd, J=14.9, 10.5, 4.8 Hz, 1H), 1.32 (s, 3H), 0.52 (dd, J=9.4, 5.1 Hz, 1H), 0.42 (t,J =
5.7 Hz, 1H), 0.35 (dd, J = 9.7, 6.2 Hz, 1H). “C NMR (125 MHz, CDCl;) § 139.4, 133.7, 130.0, 129.0,
127.8,126.0, 125.6, 125.2, 123.2, 122.9, 70.1, 54.5, 36.0, 25.7, 20.5, 20.1. IR (neat, cm™): v = 3297, 2952,
2923, 1444, 1376, 1263, 1052, 1017, 963, 791, 776. HRMS (ESI): m/z 265.1199 calc. for CicH;sNaO,"
[M+Na]", found 265.1202.

OH
Me“‘P\/'\EQ
OH N

\

Ts

15g: 410 mg; 40%; white solid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl3) 6 8.01 (d, J=8.3 Hz, 1H), 7.76 (d, J= 8.4 Hz, 2H), 7.61 — 7.51 (m, 2H), 7.36 — 7.29 (m, 1H),
7.27—17.15 (m, 3H), 5.18 (t, J=4.3 Hz, 1H), 2.88 (s, 2H), 2.42 — 2.27 (m, 4H), 2.01 — 1.92 (m, 1H), 1.34
(s, 3H), 0.55 (dd, J= 9.2, 5.1 Hz, 1H), 0.47 — 0.33 (m, 2H). “C NMR (125 MHz, CDCl) & 145.1, 135.8,
135.4,130.0, 128.7, 127.0, 126.1, 125.0, 123.3, 123.1, 120.1, 114.0, 67.8, 54.7,35.3,25.9, 21.7, 20.4, 20.2.
IR (neat, cm™): v = 3320, 2968, 2922, 1447, 1367, 1271, 1173, 1121, 748, 665, 591, 572. HRMS (ESI):
m/z 408.1240 calc. for C1H23NO4sSNa ™ [M+Na]", found 408.1240.
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OH

WY °
Me OH \ %

15h: 313 mg; 31%; colorless oil; purified by column chromatography (hexane/Et,O = 2/1). "H NMR (500
MHz, CDCl3) & 7.38 (dd, J= 1.8, 0.9 Hz, 1H), 6.35 (dd, J= 3.2, 1.8 Hz, 1H), 6.28 (dt, J=3.3, 0.8 Hz, 1H),
4.88 (ddd, J=5.3,4.4, 0.8 Hz, 1H), 2.79 (s, 2H), 2.29 (dt, J = 14.3, 4.4 Hz, 1H), 1.98 — 1.79 (m, 1H), 1.33
(d, J= 0.7 Hz, 3H), 0.73 — 0.53 (m, 2H), 0.44 (ddd, J= 5.4, 4.5, 0.8 Hz, 1H). *C NMR (125 MHz, CDCl;)
§ 156.8, 141.8, 110.4, 106.0, 68.0, 54.7, 34.4, 25.8, 20.7, 20.1. IR (neat, cm™): v= 23319, 2955, 2923, 1445,
1376, 1266, 1149, 1055, 1008, 738. HRMS (ESI): m/z 205.0835 calc. for Ci0H1sOsNa ™ [M+Na]", found
205.0836.

OH

W S
\
Me! L \ /)

15i: 345 mg; 40%; colorless oil; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCls) 6 7.23 (dd, J=4.8, 1.4 Hz, 1H), 7.00 — 6.98 (m, 2H), 5.17 (t, J=4.4 Hz, 1H), 3.01 (s, 2H),
2.29 —2.24 (m, 1H), 1.95 — 1.89 (m, 1H), 1.36 (s, 3H), 0.63 — 0.60 (m, 2H), 0.46 — 0.44 (m, 1H). *C NMR
(125 MHz, CDCl3) § 148.5, 126.8, 124.2, 123.3, 70.3, 54.7, 37.8, 25.8, 20.4, 20.1. IR (neat, cm™): v=23307,
2954, 2916, 1444, 1376, 1266, 1034, 963, 697. HRMS (ESI): m/z 181.0682 calc. for CioHi30S" [M+H-
H,O]", found 181.0679.

OH
Me™"
OH
D
-~

15j: 236 mg; 34%; white solid; purified by column chromatography (hexane/EtO = 2/1). '"H NMR (500
MHz, CDCL) § 7.46 — 7.35 (m, 4H), 7.09 (t, J = 2.2 Hz, 2H), 6.35 (t, J = 2.2 Hz, 2H), 4.96 (t, J = 4.5 Hz,
1H), 3.14 (s, 2H), 2.24 (dt, J= 14.6, 4.1 Hz, 1H), 1.89 (ddd, J = 14.6, 9.8, 5.1 Hz, 1H), 1.35 (s, 3H), 0.63 —
0.53 (m, 1H), 0.47 — 0.38 (m, 2H). *C NMR (125 MHz, CDCL) § 141.5, 139.8, 126.9, 120.2, 119.3, 110.4,
72.9, 54.4, 37.3, 25.7, 20.1. IR (neat, cm™): v = 3305, 2916, 1521, 1327, 1270, 1070, 1049, 1019, 723.
HRMS (ESI): m/z 258.1489 calc. for Ci1¢Hx0NO," [M+H]", found 258.1490.

OH

P\)\,OTBS
Me*

OH
15k: 98 mg; 28%; colorless liquid; purified by column chromatography (hexane/Et,O = 2/1). "H NMR (500
MHz, CDCl3) & 3.79 — 3.74 (m, 1H), 3.68 —3.59 (m, 2H), 2.84 (s, 1H), 1.94 (dt, J=14.7,4.1 Hz, 1H), 1.60
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—1.55 (m, 1H), 1.36 (d, J= 0.7 Hz, 3H), 0.89 (s, 9H), 0.59 (dd, J= 4.0, 2.2 Hz, 2H), 0.39 (dt, J=4.2, 2.5
Hz, 1H), 0.08 (d, J = 2.1 Hz, 6H). ®*C NMR (125 MHz, CDCl3) § 71.5, 66.1, 54.0, 31.0, 25.9 (2C), 20.5,
20.3, 18.3,-5.3,-5.4. IR (neat, cm™): v= 3320, 2929, 2162, 2021, 2001, 1978, 1955, 837, 549, 469. HRMS
(ESI): m/z 243.1775 calc. for C13H2,0,Si" [M+H-H,O]", found 243.1774.

OH

Me
Me*" =

OH 0TBS
151: 224 mg; 21%; colorless oil; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl;) 6 3.86 —3.82 (m, 1H), 3.61 —3.58 (m, 1H), 1.86 (ddd, /= 14.6, 6.4, 5.1 Hz, 1H), 1.55 (ddd,
J=14.4,9.1,4.8 Hz, 1H), 1.41 (s, 3H), 1.15 (d, J = 6.3 Hz, 3H), 0.89 (s, 9H), 0.76 (tdd, /=9.2, 6.2, 5.1
Hz, 1H), 0.62 (dd, J = 9.3, 5.3 Hz, 1H), 0.41 (t, J= 5.8 Hz, 1H), 0.08 (s, 3H), 0.08 (s, 3H); *C NMR (125
MHz, CDCl;) & 75.4, 71.1, 54.8, 30.4, 26.1, 26.0, 21.3, 19.9, 18.2, -4.2, -4.7. IR (neat, cm™): v = 3318,
2955, 2929, 2858, 1463, 1374, 1256, 1086, 967, 834, 775. HRMS (ESI): m/z 297.1856 calc. for
C14H300;3NaSi" [M+Na]", found 297.1857.

OH
Me
Me“'MMe
OH Me

15m: 208 mg; 23%; white solid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl) 6 3.36 (dd, J=9.1, 2.6 Hz, 1H), 2.09 (s, 1H), 1.83 (s, 1H), 1.74 (ddd, J = 14.6, 8.1, 2.6 Hz,
1H), 1.62 (dd, J=9.0, 5.7 Hz, 1H), 1.43 (d, J= 0.7 Hz, 3H), 0.93 (s, 9H), 0.85 — 0.77 (m, 1H), 0.66 (dd, J
=9.2, 5.2 Hz, 1H), 0.44 (t, J = 5.7 Hz, 1H). ®C NMR (125 MHz, CDCl;) § 80.2, 54.5, 35.1, 30.4, 26.0,
25.9,22.5, 19.9. IR (neat, cm™): v = 3340, 2954, 2869, 1363, 1259, 1238, 1091, 1075, 1028, 1018, 1007,
991, 957, 871. HRMS (ESI): m/z 155.1430 calc. for CioH;9O" [M+H-H>O]", found 155.1432.

OH

Me\uP\/b

OH
15n: 436 mg; 42%; colorless liquid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR
(500 MHz, CDCIs) 6 3.60 (s, 1H), 2.88 (s, 1H), 2.26 —2.12 (m, 2H), 2.10 — 1.95 (m, 3H), 1.75 — 1.66 (m,
1H), 1.56 — 1.47 (m, 2H), 1.36 (d, /= 0.6 Hz, 3H), 0.75 - 0.67 (m, 1H), 0.64 (dd, /=9.2, 5.0 Hz, 1H), 0.48
—0.40 (m, 1H). ®*C NMR (125 MHz, CDCl3) § 75.1, 54.2, 37.8, 37.6, 35.5, 25.9, 20.4, 20.1, 12.0. IR (neat,
cm™): v = 3346, 2933, 1371, 1272, 1244, 1165, 1111, 1020, 956. HRMS (ESI): m/z 139.1117 calc. for
CoH;sO" [M+H-H,O]", found 139.1118.
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OH

Me"'P\/D

OH
150: 421 mg; 52%; colorless oil; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl3) 6 2.70 (s, 2H), 1.92 (dd, J=14.6, 4.3 Hz, 1H), 1.82 - 1.76 (m, 2H), 1.73 — 1.55 (m, 7H), 1.39
(s, 3H), 0.76 — 0.71 (m, 1H), 0.64 (dd, J= 9.2, 5.1 Hz, 1H), 0.41 (t,J = 5.6 Hz, 1H). ®C NMR (125 MHz,
CDCls) § 83.0, 54.3, 41.2, 40.0, 38.8, 26.2, 23.8, 23.6, 21.7, 20.6. IR (neat, cm™): v = 3319, 2956, 2873,
1445, 1375, 1272, 1016, 958. HRMS (ESI): m/z 153.1274 calc. for C10H;;0 " [M+H-H,0]", found 153.1273.

OH

OH

15p: 309 mg; 26%; colorless liquid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR
(500 MHz, CDCl3) 6 4.24 (s, 1H), 2.60 (s, 1H), 1.99 (dd, J = 14.8, 4.4 Hz, 1H), 1.65 — 1.57 (m, 1H), 1.57
—1.38 (m, 8H), 1.38 — 1.24 (m, 5H), 0.68 (dddd, J = 10.6, 9.2, 6.1, 4.4 Hz, 1H), 0.59 (dd, J=9.3, 5.0 Hz,
1H), 0.37 (t, J = 5.5 Hz, 1H). *C NMR (125 MHz, CDCl3) § 72.0, 54.0, 40.3, 39.4, 36.1, 26.0, 25.8, 22.7,
22.3,20.6, 20.0. IR (neat, cm™): v = 3342, 2928, 2858, 1447, 1375, 1273, 1162, 1047, 966. HRMS (ESI):
m/z 207.1356 calc. for C;1HoNaO," [M+Na]’, found 207.1357.

OH

Ph
Me*"

OH Ph
15q: 124 mg; 14%; white solid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl3) & 7.39 — 7.10 (m, 10H), 3.03 (d, /= 13.6 Hz, 1H), 2.87 (d, /= 13.5 Hz, 1H), 2.74 (q, /= 13.7
Hz, 2H), 1.95 (dd, J = 14.8, 4.3 Hz, 1H), 1.43 (dd, J = 14.9, 10.5 Hz, 1H), 1.39 (d, J= 0.6 Hz, 3H), 0.77
(dddd, J = 10.5, 9.2, 6.1, 4.3 Hz, 1H), 0.63 (dd, J=9.2, 5.1 Hz, 1H), 0.33 (t, J = 5.7 Hz, 1H). *C NMR
(125 MHz, CDCls) 6 137.4, 137.1, 130.7, 128.4, 128.1, 126.7, 126.5, 74.5, 54.3, 46.7, 45.4, 38.1, 26.0, 20.6,
20.5. IR (neat, cm™): v = 3466, 3028, 2924, 1495, 1454, 1243, 1031, 753, 701. HRMS (ESI): m/z 319.1669
calc. for C20H24NaO," [M+Na]", found 319.1669.

OH

Me/\/\m\
OH

15r: 494 mg; 59%; colorless oil; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl3) 6 7.40 — 7.34 (m, 4H), 7.28 — 7.25 (m, 1H), 4.92 (t, J=4.7 Hz, 1H), 2.80 (s, 2H), 2.23 (dt, J
=14.5,4.3 Hz, 1H), 1.89 (ddd, J = 14.5, 10.0, 5.3 Hz, 1H), 1.56 — 1.49 (m, 1H), 1.48 — 1.40 (m, 2H), 1.36
—1.23 (m, 5H), 0.89 (t, J= 7.0 Hz, 3H), 0.55 (dd, /=9.2, 5.0 Hz, 1H), 0.49 — 0.42 (m, 1H), 0.37 (t, J=5.5
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Hz, 1H). ®C NMR (125 MHz, CDCl3) § 144.2, 128.4, 127.3, 125.9, 73.6, 58.2, 39.5, 37.3, 32.1,25.4,22.8,
19.4,19.1, 14.2. IR (neat, cm™): v= 23318, 2954, 2929, 1452, 1249, 1044, 700. HRMS (ESI): m/z 271.1669
calc. for CisH2402Na ™ [M+Na]", found 271.1670.

OH

TBSO,
\/\ "
OH

15s: 614 mg; 35%; colorless oil; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl3) & 7.43 — 7.31 (m, 4H), 7.26 — 7.21 (m, 1H), 4.92 (t, J = 4.6 Hz, 1H), 3.79 — 3.63 (m, 2H),
2.22 (dt, J=14.6, 4.6 Hz, 1H), 2.02 — 1.88 (m, 1H), 1.84 — 1.76 (m, 1H), 1.76 — 1.69 (m, 2H), 1.39 — 1.31
(m, 1H), 0.91 (s, 9H), 0.55 (dd, /=9.2, 4.9 Hz, 1H), 0.47 — 0.40 (m, 1H), 0.41 — 0.32 (m, 1H), 0.09 (s, 6H).
3C NMR (125 MHz, CDCls) & 144.8, 128.2, 127.0, 125.9, 73.4, 64.0, 57.8, 37.5, 37.4, 29.7, 26.1, 19.7,
19.0, 18.5, -5.2, -5.3. IR (neat, cm™): v = 3325, 2952, 2928, 2856, 1471, 1451, 1255, 1096, 1043, 1004,
835, 776, 80. HRMS (ESI): m/z 351.2350 calc. for CxH3s03Si " [M+H]", found 351.2351.

OH
W
OH

15t: 505 mg; 29%; colorless solid; purified by column chromatography (hexane/Et,O =2/1). '"H NMR (500
MHz, CDCl3) & 7.43 — 7.31 (m, 4H), 7.29 — 7.23 (m, 1H), 4.91 (t, J=4.9 Hz, 1H), 2.33 — 2.19 (m, 3H),
1.96 — 1.88 (m, 1H), 1.80 — 1.72 (m, 3H), 1.68 — 1.59 (m, 2H), 1.23 — 1.09 (m, 5H), 0.86 — 0.78 (m, 1H),
0.60 — 0.46 (m, 2H), 0.32 (d, J= 3.0 Hz, 1H). ®C NMR (125 MHz, CDCls) § 144.3, 128.4, 127.3, 125.8,
73.6, 62.0, 46.2, 37.3, 28.8, 28.7, 26.6, 26.5, 18.7, 18.3. IR (neat, cm™): v= 3332, 2925, 2852, 1450, 1260,
1046, 755, 701. HRMS (ESI): m/z 283.1669 calc. for Ci7H24NaO>" [M+Na]", found 283.1668.

@ '
Wy
OH

15u: 473 mg; 52%; colorless oil; purified by column chromatography (hexane/Et,O = 2/1). "H NMR (500
MHz, CDCl3) 6 7.38 — 7.22 (m, 10H), 4.87 (t, J=4.8 Hz, 1H), 2.87 (d, /= 14.1 Hz, 1H), 2.76 (d, J= 14.0
Hz, 1H), 2.35 (s, 2H), 2.23 (dt, J = 14.6, 4.5 Hz, 1H), 1.90 (ddd, J = 14.8, 10.0, 5.1 Hz, 1H), 0.75 (dd, J =
9.4, 5.2 Hz, 1H), 0.68 —0.61 (m, 1H), 0.46 (t, J= 5.3 Hz, 1H). ®C NMR (125 MHz, CDCl;) § 144.1, 138.7,
129.7, 128.5, 128.4, 127.4, 126.6, 125.8, 73.5, 58.5, 45.1,37.2, 19.0, 18.9. IR (neat, cm™): v = 3346, 2923,
1495, 1453, 1046, 1030, 755, 701. HRMS (ESI): m/z 291.1356 calc. for C1sH200,Na ™ [M+Na]", found
291.1355.
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OH

®/\ WY
OH

15v: 577 mg; 66%; colorless liquid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR
(500 MHz, CDCl3) 6 7.41 — 7.32 (m, 4H), 7.32 — 7.26 (m, 3H), 7.19 (d, J="7.2 Hz, 3H), 4.95 (t,J=4.7 Hz,
1H), 2.90 — 2.70 (m, 3H), 2.62 (d, J=49.9 Hz, 1H), 2.27 — 2.15 (m, 1H), 1.94 — 1.80 (m, 2H), 1.65 — 1.61
(m, 1H), 0.58 (dd, J=9.2, 5.0 Hz, 1H), 0.53 — 0.43 (m, 1H), 0.42 (ddd, J= 6.2, 4.9, 1.4 Hz, 1H). *C NMR
(125 MHz, CDCl;) 6 143.9, 142.6, 128.4, 128.4, 128.3, 127.3, 125.7, 125.7, 73.5, 57.8, 41.8, 37.1, 32.2,
19.6, 19.1. IR (neat, cm™): v = 3338, 3026, 2917, 1712, 1495, 1248, 1044, 749, 698. HRMS (ESI): m/z
305.1512 calec. for C19H22NaO," [M+Na]", found 305.1511.

OH

HwW
OH

15w: 98 mg; 20%; colorless liquid; purified by column chromatography (hexane/Et,O = 2/1). "TH NMR (500
MHz, CDCls) § 7.40 (d, J = 7.5 Hz, 2H), 7.36 (t, J = 7.6 Hz, 2H), 7.30 — 7.25 (m, 1H), 4.95 (t, J = 4.8 Hz, 1H),
3.39(td,J=6.5,3.2 Hz, 1H), 2.96 (s, 2H), 2.23 (dt,J = 14.4, 4.4 Hz, 1H), 1.87 (ddd, /= 14.9, 10.2, 5.1 Hz, 1H),
0.65 (dt, J=9.4, 5.9 Hz, 1H), 0.55 — 0.45 (m, 1H), 0.27 (td, J = 6.1, 3.2 Hz, 1H). *C NMR (125 MHz, CDCl;)
§143.9,128.3,127.4,125.7,73.7,49.1, 36.0, 13.5, 13.2. IR (neat, cm™): v=3317, 3027, 2920, 1452, 1324,
1215, 1040, 755, 701. HRMS (ESI): m/z 177.0910 calc. for C;1Hi30," [M-H]", found 177.0890.

15x: 671 mg; 45%; colorless solid; purified by column chromatography (hexane/Et;O = 2/1). '"H NMR
(500 MHz, CDCl3) 6 7.41 (d, J= 7.2 Hz, 2H), 7.36 (dd, J = 8.4, 6.7 Hz, 2H), 7.30 — 7.23 (m, 1H), 4.93 (t,
J=4.8 Hz, 1H), 2.25 (dt, J=14.6, 4.2 Hz, 1H), 2.01 — 1.86 (m, 1H), 1.17 (p, /= 6.8 Hz, 1H), 0.98 (d, /=
6.8 Hz, 3H), 0.95 (d, J = 6.8 Hz, 3H), 0.65 — 0.48 (m, 2H), 0.35 (s, 1H). ®C NMR (125 MHz, CDCl;) §
144.2, 128.4, 127.3, 125.8, 73.5, 62.4, 37.3, 36.2, 19.2, 18.6, 18.4, 18.3. IR (neat, cm™): v = 3331, 2961,
2872, 1451, 1269, 1045, 993, 702. HRMS (ESI): m/z 203.1430 calc. for C14H;s0" [M+H-H,O]", found
203.1431. (Note: 15x and 15y were produced from the same reaction.)
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15y: 290 mg; 20%; colorless solid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR
(500 MHz, CDCl3) 6 7.38 — 7.31 (m, 4H), 7.30 — 7.26 (m, 1H), 4.78 (dd, J = 10.5, 2.3 Hz, 1H), 2.17 (ddd,
J=14.9,4.2,2.3 Hz, 1H), 1.69 (dt, J=14.9, 10.5 Hz, 1H), 1.25 (s, 1H), 1.19 (h, /= 7.0 Hz, 1H), 1.06 (d,
J=6.8 Hz, 3H), 1.03 (d, J = 6.9 Hz, 3H), 0.84 (tdd, J = 10.1, 6.0, 4.1 Hz, 1H), 0.63 (dd, J=19.3, 5.3 Hz,
1H), 0.40 (t, J = 5.7 Hz, 1H). *C NMR (125 MHz, CDCl;) § 145.2, 128.7, 127.7, 125.7, 75.5, 62.0, 39.0,
36.8,22.9,19.4,18.3, 18.2. IR (neat, cm™): v = 3338, 2962, 2930, 1970, 1451, 1270, 1061, 1003, 754, 700.
HRMS (ESI): m/z 203.1430 calc. for C1sH190" [M+H-H>O]", found 203.1432.

Me“‘PV\p

OH OH
15za: 314 mg; 58%; white solid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl3) & 2.08 — 1.95 (m, 5H), 1.74 — 1.65 (m, 4H), 1.52 (dt, J = 11.3, 8.8 Hz, 1H), 1.43 (m, 4H),
1.28 — 1.21 (m, 1H), 1.05 - 0.95 (m, 1H), 0.85 (dd, /= 10.0, 5.2 Hz, 1H), 0.09 (dd, J = 6.4, 5.2 Hz, 1H).
3C NMR (125 MHz, CDCl3) § 75.2, 55.7, 39.3, 36.1, 36.0, 25.7, 24.0, 20.5, 20.3, 12.1. IR (neat, cm™): v
=3316, 2979, 2931, 1443, 1376, 1258, 1224, 1167, 1075, 1022, 955, 637. HRMS (ESI): m/z 153.1274 calc.
for C1oH;;0" [M+H-H,0]", found 153.1274.

Me“'l | :

OH OH
15zb: 327 mg; 53%; colorless oil; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl3) 6 1.90 — 1.75 (m, 2H), 1.73 — 1.65 (m, 2H), 1.65 — 1.55 (m, 5H), 1.58 — 1.51 (m, 1H), 1.49 —
1.41 (m, 4H), 1.34 — 1.21 (m, 1H), 1.07 — 0.95 (m, 1H), 0.84 (dd, /= 10.0, 5.2 Hz, 1H), 0.08 (dd, J = 6.4,
5.2 Hz, 1H). ®C NMR (125 MHz, CDCl5) § 82.6, 55.8, 41.5, 40.0, 39.8, 26.0, 25.4, 23.9, 23.9, 20.6, 20.4.
IR (neat, cm™): v = 3346, 2955, 2869, 1440, 1375, 1230, 1213, 979. HRMS (ESI): m/z 207.1356 calc. for
C11H200,Na " [M+Na]", found 207.1357.

Me“'P\/\Q

OH OH
15zc: 187 mg; 30%; white solid; purified by column chromatography (hexane/Et,O = 2/1). '"H NMR (500
MHz, CDCl3) 6 1.61 — 1.57 (m, 1H), 1.50 — 1.16 (m, 16H), 1.00 — 0.91 (m, 1H), 0.83 (dd, J=10.1, 5.2 Hz,
1H), 0.06 (dd, J = 6.4, 5.1 Hz, 1H). ®C NMR (125 MHz, CDCls) § 71.3, 55.6, 42.2, 37.6, 37.3, 25.9, 25.8,
23.4,22.3,20.5, 20.2. IR (neat, cm™): v = 3351, 2928, 2859, 1447, 1227, 1164, 967. HRMS (ESI): m/z
221.1512 calc. for C12H2NaO," [M+Na]", found 221.1527.
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P\/\{Ph
Me\\\

OH OH
15zd: 612 mg as a 1:1 mixture of diastereomers; 45%; colorless liquid; purified by column chromatography
(hexane/EtO = 2/1). "H NMR (500 MHz, CDCl3) § 7.38 — 7.26 (m, 5H), 4.70 (ddd, J = 12.1, 7.7, 5.7 Hz,
1H), 2.01 — 1.73 (m, 4H), 1.38 (d, J = 11.6 Hz, 3H), 1.34 — 1.13 (m, 2H), 0.99 (dt, /= 10.0, 6.7 Hz, 1H),
0.84 (ddd, J=10.2, 5.2, 2.6 Hz, 1H), 0.07 (ddd, J= 8.2, 6.5, 5.1 Hz, 1H). *C NMR (125 MHz, CDCl3) §
144.8, 144.7, 128.5, 127.6, 127.6, 125.9, 125.9, 74.4, 74.3, 55.7, 55.6, 38.9, 38.9, 26.2, 26.1, 25.4, 25.3,
20.5, 20.3, 20.2. IR (neat, cm™): v = 3342, 2930, 2861, 1453, 1378, 1220, 1064, 1027, 763, 701. HRMS
(ESI): m/z 229.1199 calc. for C13HisNaO," [M+Na]", found 229.1199.

OH

HO,
\/\ wy

OH

17: To a solution of 15s (106 mg, 0.303 mmol, 1.0 equiv.) in THF at 0 °C was added 1.0 M TBAF (0.37 ml,
1.2 equiv.). The reaction was slowly warmed to room temperature. After 6 h, the reaction was quenched
with water, extracted with EtOAc, washed with brine, dried with Na;SOs, then concentrate under reduced
pressure. The residue was purified by flash column (hexane/EtOAc = 1/4 to pure EtOAc) to give triol 17
(65.0 mg, 91%) as colorless solid. "H NMR (500 MHz, CDCl;) & 7.40 — 7.26 (m, 5H), 4.97 (t, J= 4.5 Hz,
1H), 3.77 — 3.65 (m, 2H), 3.03 (s, 3H), 2.24 (dt, J= 14.6, 4.2 Hz, 1H), 1.92 (dt, J=9.5, 4.8 Hz, 1H), 1.80
—1.73 (m, 3H), 1.45 - 1.36 (m, 1H), 0.58 (dd, /=9.2, 4.9 Hz, 1H), 0.52 — 0.44 (m, 1H), 0.42 (ddd, J=6.1,
4.9, 1.3 Hz, 1H). ®C NMR (125 MHz, CDCLs) & 144.1, 128.3, 127.2, 125.7, 73.4, 63.2, 57.8, 37.3, 37.0,
29.4, 19.7, 19.0. IR (neat, cm™): v = 3316, 2939, 1450, 1305, 1256, 1042, 1003, 755, 701. HRMS (ESI):
m/z 259.1305 calc. for C14H0NaOs" [M+Na]’, found 259.1306.

A representative procedure for the synthesis of bicyclic lactone.

oH Pd(OAC), (10 mol%) H
CO (balloon) :
> O wPh
Me---P\)\Ph DDQ (2.0 equiv.) =(Oj\/(}
OH benzene (0.01 M) Me
15a n,7h 16a

To a stirred solution of 15a (38.4 mg, 0.2 mmol, 1.0 equiv.) and DDQ (90.8 mg, 0.4 mmol, 2.0 equiv.) in
benzene (20 ml) under carbon monoxide (the reactor was evacuated and backfilled three times using a
carbon monoxide balloon) was added Pd(OAc), (4.5 mg, 0.02 mmol, 0.1 equiv.) in one portion. The
resulting solution was stirred at room temperature for 7 h. The reaction mixture was quenched with water.

The aqueous layer was extracted with ethyl acetate three times. The combined organic layers were washed
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with brine, dried over Na,SOs, and concentrated under reduced pressure. The resulting residue was purified
by flash chromatography (hexane/ethyl acetate = 2/1) to obtain 16a (32.3 mg, 74%) as colorless solid. "H
NMR (500 MHz, CDCl3) 6 7.39 — 7.29 (m, 5H), 5.16 (dd, J=10.4, 5.6 Hz, 1H), 3.06 — 2.98 (m, 1H), 2.99
(t, J=2.4 Hz, 1H), 2.66 — 2.57 (m, 1H), 2.25 —2.10 (m, 2H), 1.78 (s, 3H). *C NMR (125 MHz, CDCl;) §
174.8,139.2, 128.6, 128.2, 126.0, 117.2, 80.3, 43.4, 41.9, 36.6, 24.4. IR (neat, cm™): v= 2987, 1771, 1256,
1130, 1091, 1007, 919, 760, 701. HRMS (ESI): m/z 219.1016 calc. for C3H;s05" [M+H]", found 219.1016

Scale-up synthesis

To a stirred solution of 15a (560 mg, 2.92 mmol, 1.0 equiv.) and DDQ (1.33 g, 5.83 mmol, 2.0 equiv.) in
benzene (290 ml) under carbon monoxide (the reactor was evacuated and backfilled three times using a
carbon monoxide balloon) was added Pd(OAc), (65.6 mg, 0.292 mmol, 0.1 equiv.) in one portion. The
resulting solution was stirred at room temperature for 7 h. The reaction mixture was quenched with water.
The aqueous layer was extracted with ethyl acetate three times. The combined organic layers were washed
with brine, dried over Na,SOs, and concentrated under reduced pressure. The resulting residue was purified

by flash chromatography (hexane/ethyl acetate = 2/1) to obtain 16a (414 mg, 65%) as colorless solid.

Asymmetric synthesis

AllyIMgBr
i (+)-(Ipc)2B(allyl) OH Ti(Og’w,NllztgiAc OH 0
_ 2 ; c-UsHglVig .
©)LH —_ ©/W - Me“‘P\)\Ph Pd(OAc),, DDQ . Omph
o 521 o OH Benzene (0.01 M) 0750
o S e 8a 52% 15a rt, 7 h €
73%, 92% ee 16a

Enantioenriched homoallylic alcohol was prepared according to a reported literature procedure.” Following
the above cyclopropanol synthesis and carbonylative lactonization procedures, compound 16a was

produced in 73% yield and 92% ee.
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8a: SFC conditions: CEL-1, [97:3 to 50:50 CO2:(IPA/MeOH = 1:1)], 8 min, 1.5 mL/min

Racemic 8a Peak Results
RT/min | Area/(uV*sec) | % Area
1| 0.853 16718 50.46
2| 0.986 16413 49.54
0.0064
0.004-] % §
/’"%i\
2 0.002 / \
/ \\
) \
0.000- / A\
Z > =K
-0.0024
0 ISD 0 ISS 0]60 0]65 0.‘70 0.‘75 0 !80 0 !85 0 !90 0 I95 1.l|)0 1.l|)5 1 ;0 1 ;5 1 ]20 1 ]25 1 50
71 Minutes, 0.00506 AU Minutes
Racemic 8a
Enantioenriched 8a Peak Results
RT/min | Area/(uV*sec) | % Area
1| 0.853 76259 96.06
2| 0.994 3128 3.94
0.0254
0.020 §
0.0154
0.0104
0.005 3
0.000 - C}’ﬂ_
0 ‘45 0 ]50 0 éS D.éO 0 éS 0 I70 0 ]75 0 ]80 0 éS 0.’90 0 I95 1.00 1 IDS 1 ‘IIO 1 ;5 1.[20 1 I25 1 ]30
Minutes

106 Minutes, 0.02455 AU

Enantioenriched 8a
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16a: SFC Conditions: CEL-1, [97:3 to 50:50 CO2:(IPA/MeOH = 1:1)], 8 min, 1.5 mL/min

Racemic 16a Peak Results
RT/min | Area/(uV*sec) | % Area
1| 2.091 43081 51.22
21 2.230 41028 48.78
0.025 é §
0.020] /+\\
/ \
0.015] /
? lf \
0.010 / \,\
0.005] / I\\
// \‘\
0.000 — = T piy o
2.00 ZvIDZ 2. I04 2.06 265 Z%O 2,;2 2.;4 Zv;ﬁ 2 ‘IIS 2 IZU 2.52 2‘24 2,I26 2.‘28 2.:‘30
3 Minutes, 0.02098 AU Minutes
Racemic
Enantioenriched 16a Peak Results
RT/min | Area/(uV*sec) | % Area
1| 2.089 29034 96.04
2| 2.225 1196 3.96
0.0154
0.0104
0.0054 &
e
0.000- 7 yay Fay
2(’)0 2;)2 2.‘34 2.‘06 2(’)3 2 I1U Z‘IIZ 2.;4 2.;6 2 ;B 2‘20 2‘22 2’2‘ 1‘25 2‘23 250
Minutes

Minutes, 0.01779 AU

Enantioenriched 16a
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16b: 21.2 mg; 48% (7 h); white solid; purified by column chromatography (hexane/EtOAc = 2/1). 'H NMR
(500 MHz, CDCl3) 6 7.62 — 7.54 (m, 4H), 7.47 — 7.39 (m, 4H), 7.39 — 7.31 (m, 1H), 5.22 (dd, /=104, 5.6
Hz, 1H), 3.08 —2.98 (m, 2H), 2.65 (dd, J=15.4, 7.2 Hz, 1H), 2.33 — 2.22 (m, 1H), 2.19 (ddd, /=13.4, 5.6,
1.8 Hz, 1H), 1.81 (s, 3H). *C NMR (125 MHz, CDCl5) § 174.8, 141.3, 140.7, 138.1, 128.8, 127.5, 127.4,
127.1, 126.5, 117.1, 80.1, 43.5, 41.9, 36.6, 24.4. IR (neat, cm™): v = 3031,2986, 2166, 1974, 1770, 1388,
1256, 1088, 917, 766. HRMS (ESI): m/z 295.1329 calc. for C19H190;" [M+H]", found 295.1328.

Me
16¢: 13.4 mg; 50% (10 h); colorless solid; purified by column chromatography (hexane/EtOAc =2/1). Note:
12.8 mg product (65%, 0.085 mmol scale) was prepared according to the representative procedure with
slow addition of DDQ for 1 h. '"H NMR (500 MHz, CDCl3) § 7.24 — 7.15 (m, 4H), 5.13 (dd, J=10.4, 5.5
Hz, 1H), 3.06 — 2.94 (m, 2H), 2.66 — 2.56 (m, 1H), 2.35 (s, 3H), 2.26 — 2.17 (m, 1H), 2.12 (ddd, J = 13.0,
5.5, 1.9 Hz, 1H), 1.77 (s, 3H). ®C NMR (125 MHz, CDCl3) § 174.8, 138.1, 136.1, 129.3, 126.0, 117.1,
80.2, 43.4, 41.9, 36.6, 24.4, 21.2. IR (neat, cm™): v = 2925, 2159, 1976, 1770, 1256, 1088, 919. HRMS
(ESI): m/z 233.1172 calc. for C14H705" [M+H]", found 233.1173.

H

= H
=T )
O~ ="0

Me
16d: 14.6 mg; 44% (10 h); colorless solid; purified by column chromatography (hexane/EtOAc =2/1). Note:
14.0 mg product (62%, 0.0985 mmol scale) was prepared according to the representative procedure with
slow addition of DDQ for 1 h. "H NMR (500 MHz, CDCl;) & 7.35 — 7.26 (m, 2H), 7.11 — 7.01 (m, 2H),
5.13 (dd, J=10.3, 5.8 Hz, 1H), 3.08 — 2.91 (m, 2H), 2.61 (d, J= 15.4 Hz, 1H), 2.22 — 2.07 (m, 2H), 1.77
(s, 3H). *C NMR (125 MHz, CDCl3) § 174.7, 162.6 (d, J = 246 Hz), 134.9 (d, J = 3 Hz), 127.7(d, J=9
Hz), 117.0, 115.5 (d, J = 21 Hz), 79.6, 43.4, 42.0, 36.6, 24.3. YF NMR (471 MHz, CDCl;) § -115.0. IR
(neat, cm™): v = 2960, 1771, 1732, 1513, 1373, 1230, 1159, 1128, 1089, 919, 836. HRMS (ESI): m/z
237.0921 calc. for Ci3H14FO5" [M+H]", found 237.0921.

(o]
(@)
" 1T
O,
I

OTs

2
)
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16e: 51.4 mg; 68% (7 h); 55% with toluene as solvent; colorless solid; purified by column chromatography
(hexane/EtOAc = 2/1). '"H NMR (500 MHz, CDCls) § 7.75 — 7.56 (m, 2H), 7.33 — 7.28 (m, 2H), 7.26 —
7.23 (m, 2H), 7.03 — 6.93 (m, 2H), 5.10 (dd, /=9.4, 6.7 Hz, 1H), 3.06 — 2.94 (m, 2H), 2.64 — 2.53 (m, 1H),
2.44 (s, 3H), 2.18 — 2.08 (m, 2H), 1.75 (s, 3H). *C NMR (125 MHz, CDCl3) § 174.6, 149.3, 145.5, 138.2,
132.3,129.8, 128.5, 127.2, 122.6, 117.0, 79.4, 43.4, 42.0, 36.5, 24.3, 21.7. IR (neat, cm™): v = 2987, 2196,
1772, 1505, 1371, 1198, 1176, 1154, 1092, 920, 866, 568, 552. HRMS (ESI): m/z 389.1053 calc. for
C20H2106S" [M+H]", found 389.1054.

16f: 36.6 mg; 67% (7 h); white solid; purified by column chromatography (hexane/EtOAc = 2/1). '"H NMR
(500 MHz, CDCl3) 6 8.02 — 7.72 (m, 3H), 7.69 — 7.37 (m, 4H), 5.89 (t, J = 7.8 Hz, 1H), 3.13 — 3.01 (m,
2H), 2.76 — 2.67 (m, 1H), 2.38 (ddd, J = 6.9, 5.2, 1.8 Hz, 2H), 1.86 (s, 3H). *C NMR (125 MHz, CDCl5)
0 174.7, 134.9, 133.7, 130.4, 128.9, 128.6, 126.4, 125.8, 125.4, 123.1, 122.3, 117.1, 77.6, 43.4, 40.7, 36.9,
24.2. IR (neat, cm™): v = 2935, 1770, 1258, 1089, 919, 836, 779. HRMS (ESI): m/z 269.1172 calc. for
C7H1,0;" [M+H]', found 269.1172.

H
= H

(@] N\ Ns
07="0 Ts
Me

16g: 37.0 mg; 45% (7 h); white solid; purified by column chromatography (hexane/EtOAc = 2/1). '"H NMR
(500 MHz, CDCl3) 8 7.97 (dt, J = 8.4, 0.9 Hz, 1H), 7.80 — 7.71 (m, 2H), 7.58 — 7.50 (m, 2H), 7.33 (ddd, /= 8.4,
7.2,1.3 Hz, 1H), 7.26 — 7.19 (m, 3H), 5.36 (ddd, J=10.5, 5.6, 1.0 Hz, 1H), 3.09 — 2.98 (m, 2H), 2.69 — 2.59 (m,
1H), 2.51 —2.40 (m, 1H), 2.35 (s, 3H), 2.18 (ddd, J = 13.2, 5.7, 2.0 Hz, 1H), 1.78 (s, 3H). *C NMR (125 MHz,
CDCl3) 6 174.5, 145.2, 135.4, 135.1, 130.0, 128.5, 126.9, 125.1, 123.4, 123.2, 120.4, 120.1, 116.9, 113.8,
74.2,43.3,39.5,36.7,24.3,21.6. IR (neat, cm™): v= 2925, 1771, 1446, 1370, 1258, 1174, 1123, 1087, 990,
917, 582, 538. HRMS (ESI): m/z 412.1213 calc. for CxH2,NOsS* [M+H]", found 412.1209.

Me
16h: 22.7 mg; 55% (7 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). '"H
NMR (500 MHz, CDCl3) 6 7.42 (dd, J = 1.8, 1.0 Hz, 1H), 6.40 — 6.27 (m, 2H), 5.18 (dd, J = 9.6, 6.0 Hz,
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1H), 3.05 — 2.93 (m, 2H), 2.65 — 2.54 (m, 2H), 2.06 — 1.98 (m, 1H), 1.72 (s, 3H). *C NMR (125 MHz,
CDCls) § 174.4, 151.0, 143.2, 116.9, 110.4, 109.1, 73.8, 43.2, 37.3, 36.5, 24.1. IR (neat, cm™): v = 2926,
1769, 1257, 1088, 999, 916, 745. HRMS (ESI): m/z 209.0808 calc. for C11H304" [M+H]", found 209.0809.

16i: 18.5 mg; 42% (4 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCl5) 6 7.30 (dd, J= 5.1, 1.2 Hz, 1H), 7.07 — 6.94 (m, 2H), 5.42 (dd, J=10.0, 5.6 Hz,
1H), 3.04 — 2.94 (m, 2H), 2.64 — 2.54 (m, 1H), 2.44 —2.36 (m, 1H), 2.20 (ddd, J = 13.6, 5.6, 2.2 Hz, 1H),
1.75 (s, 3H). ®C NMR (125 MHz, CDCl;) § 174.5, 142.1, 126.8, 125.7, 116.8, 76.4, 43.4, 42.0, 36.5, 24.4.
IR (neat, cm™): v = 2935, 1772, 1256, 1127, 1090, 919, 708. HRMS (ESI): m/z 225.0580 calc. for
C11H;30;S" [M+H]', found 225.058]1.

H
S H
TS
0-=~0 =
e

16j: 22.0 mg; 40% (7 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCls) 6 7.39 (s, 4H), 7.08 (t, J = 2.2 Hz, 2H), 6.35 (t, /= 2.2 Hz, 2H), 5.18 (dd, J =
10.4, 5.7 Hz, 1H), 3.08 — 2.98 (m, 2H), 2.68 — 2.59 (m, 1H), 2.27 — 2.14 (m, 2H), 1.80 (s, 3H). *C NMR
(125 MHz, CDCls) 6 174.6, 140.6, 136.4, 127.3, 120.6, 119.3, 117.0, 110.6, 79.7, 43.4, 41.9, 36.6, 24.4. IR
(neat, cm™): v=2935, 1769, 1524, 1328, 1256, 1124, 1088, 917, 731. HRMS (ESI): m/z 284.1281 calc. for
C17HisNOs" [M+H]", found 284.128]1.
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16k: 20.2 mg; 36% (4 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCl3) 6 4.28 (ddt, J=17.9, 6.5, 3.7 Hz, 1H), 3.74 (dd, J=11.1, 3.8 Hz, 1H), 3.65 (dd, J
=11.1, 3.6 Hz, 1H), 2.92 — 2.78 (m, 2H), 2.51 (dd, J=17.4, 1.8 Hz, 1H), 2.28 —2.18 (m, 1H), 1.77 (ddd, J
= 12.8, 6.6, 4.1 Hz, 1H), 1.64 (s, 3H), 0.89 (s, 9H), 0.06 (s, 6H). *C NMR (125 MHz, CDCl;) § 174.6,
117.9, 80.1, 64.2, 43.3, 36.8, 34.6, 25.9, 23.8, 18.3, -5.3, -5.4. IR (neat, cm™): v = 2954, 2929, 2857, 1775,
1253, 1136, 1096, 921, 836, 778. HRMS (ESI): m/z 287.1673 calc. for C14sH;04Si' [M+H]", found
287.1674.
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161: 39.1 mg; 65% (6 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCl3) 6 4.03 — 3.91 (m, 2H), 2.90 (dd, /= 18.2, 9.6 Hz, 1H), 2.78 (tt, J=9.7, 2.9 Hz,
1H), 2.50 (dd, J = 18.3, 2.7 Hz, 1H), 2.29 (dt, J=12.9, 9.5 Hz, 1H), 1.66 (ddd, /= 12.9, 6.0, 3.0 Hz, 1H),
1.62 (s, 3H), 1.09 (d, J = 6.3 Hz, 3H), 0.87 (s, 9H), 0.05 (d, J = 7.9 Hz, 6H). *C NMR (125 MHz, CDCl;)
5174.8,117.6, 83.5, 68.2,43.0,37.0,32.7,25.8, 23.8,20.8, 18.0, -4.5, -4.6. IR (neat, cm™): v = 2955, 2930,
2886, 2857, 1774, 1254, 1091, 1005, 939, 916, 835, 776. HRMS (ESI): m/z 301.1830 calc. for CisH2004Si"
[M+H]", found 301.1829.

:
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S H Me
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16m: 21.6 mg; 55% (3 h); white solid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCl3) 6 3.87 (dd, J = 10.4, 5.8 Hz, 1H), 2.91 (dd, J = 18.4, 9.9 Hz, 1H), 2.77 (tt, J =
9.6, 2.7 Hz, 1H), 2.49 (dd, J = 18.4, 3.2 Hz, 1H), 2.01 (dt, J=12.9, 9.9 Hz, 1H), 1.62 (s, 3H), 1.62 — 1.57
(m, 1H), 0.89 (s, 9H). *C NMR (125 MHz, CDCl;) § 175.0, 117.4, 86.7, 43.1, 37.0, 33.8, 32.8, 25.6, 24.1.
IR (neat, cm™): v= 2958, 2871, 1770, 1387, 1258, 1091, 1000, 917. HRMS (ESI): m/z 199.1329 calc. for

C11H1s05" [M+H]", found 199.1329.

H

o= T X>
O07="0

Me
16n: 20.5 mg; 57% (5 h); 46% with toluene as solvent; colorless liquid; purified by column chromatography
(hexane/EtOAc = 2/1). "H NMR (500 MHz, CDCl3) § 2.94 —2.79 (m, 2H), 2.51 (dd, /= 17.8, 2.1 Hz, 1H),
2.44 —2.33 (m, 2H), 2.28 (dd, J=13.0, 9.2 Hz, 1H), 2.08 — 1.97 (m, 3H), 1.77 (tddd, /= 10.9, 6.4, 3.2, 0.9
Hz, 1H), 1.61 (d, J= 0.9 Hz, 3H), 1.59 — 1.52 (m, 1H). *C NMR (125 MHz, CDCl;) § 174.4, 117.3, 85.2,
43.4, 43.3, 37.0, 36.4, 34.7, 24.5, 13.0. IR (neat, cm™): v = 2935, 1771, 1387, 1272, 1140, 1080, 925.
HRMS (ESI): m/z 183.1016 calc. for C1oH;s05" [M+H]", found 183.1016.
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160: 26.6 mg; 68% (3 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCl3) 6 2.93 — 2.81 (m, 2H), 2.56 — 2.48 (m, 1H), 2.35 —2.27 (m, 1H), 2.02 — 1.93 (m,
1H), 1.88 — 1.71 (m, 4H), 1.65 — 1.57 (m, 7H). ®C NMR (125 MHz, CDCl;) & 174.5, 117.7, 94.6, 44.0,
43.1, 39.6, 39.0, 37.1, 25.0, 24.3, 23.6. IR (neat, cm™): v = 2959, 2872, 1769, 1738, 1258, 1084, 906.
HRMS (ESI): m/z 197.1172 calc. for C11H705" [M+H]", found 197.1173.

< TXO
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16p: 30.1 mg; 72% (4 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCl3) 6 2.91 —2.70 (m, 2H), 2.53 — 2.43 (m, 1H), 2.27 —2.16 (m, 1H), 1.71 — 1.51 (m,
9H), 1.47 — 1.30 (m, 5H). ®C NMR (125 MHz, CDCl;) § 174.2, 117.6, 87.2, 43.7, 42.8, 38.7, 38.1, 37.2,
25.1,24.7, 23.4. IR (neat, cm™): v = 2933, 2859, 1767, 1449, 1385, 1273, 1250, 1148, 983, 902. HRMS
(ESI): m/z 211.1329 calc. for C12H1905" [M+H]", found 211.1330.

H
H Ph
Me
16q: 36.4 mg; 57% (17 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). '"H
NMR (500 MHz, CDCl3) 6 7.38 — 7.14 (m, 10H), 3.13 (d, /= 13.7 Hz, 1H), 2.94 (d, /= 13.7 Hz, 1H), 2.86
(d, J=13.8 Hz, 1H), 2.62 — 2.49 (m, 2H), 2.44 — 2.36 (m, 1H), 2.33 (d, /= 17.7 Hz, 1H), 1.77 — 1.67 (m,
2H), 1.41 (s, 3H). *C NMR (125 MHz, CDCl3) § 173.7, 136.9, 136.8, 131.0, 130.8, 128.1, 128.0, 126.7,
126.7, 118.6, 89.8, 48.9, 44.9, 44.2, 40.6, 36.9, 22.8. IR (neat, cm™): v = 3061, 3028, 2934, 1969, 1766,
1454, 1263, 1151, 1093, 895, 751, 702. HRMS (ESI): m/z 323.1642 calc. for C21H2;05" [M+H]", found
323.1641.

O
(1) 11T
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16r: 39.7 mg; 73% (6 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCls) § 7.40 — 7.28 (m, 5H), 5.15 (dd, J = 9.6, 6.5 Hz, 1H), 3.08 — 2.94 (m, 2H), 2.60
(dd, J=18.0, 2.7 Hz, 1H), 2.18 — 2.10 (m, 2H), 2.04 — 1.97 (m, 2H), 1.53 (pd, J=5.8, 3.2 Hz, 2H), 1.39 —
1.31 (m, J = 3.4 Hz, 4H), 0.91 (td, J= 5.8, 4.6, 2.5 Hz, 3H). *C NMR (125 MHz, CDCl;) § 175.0, 139.2,
128.6, 128.2, 126.0, 119.2, 79.9, 42.3, 41.7, 37.5, 36.7, 31.7, 23.3, 22.5, 14.0. IR (neat, cm™): v = 2930,
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2870, 1768, 1251, 1126, 987, 921, 902, 756, 699. HRMS (ESI): m/z 275.1642 calc. for C17H»30;" [M+H]",
found 275.1642.

3

OTBS

16s: 51.5 mg; 68% (6 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCl3) § 7.36 — 7.31 (m, SH), 5.16 (dd, J=9.9, 6.2 Hz, 1H), 3.74 — 3.63 (m, 2H), 3.08
—2.92 (m, 2H), 2.61 (dd, J=18.2, 2.9 Hz, 1H), 2.19 —2.02 (m, 4H), 1.79 — 1.69 (m, 2H), 0.90 (s, 9H), 0.06
(s, 6H). *C NMR (125 MHz, CDCl3) § 175.0, 139.2, 128.6, 128.2, 126.0, 119.1, 80.0, 62.6, 42.3, 41.8,
36.6,34.0,27.1,26.0, 18.4, -5.3. IR (neat, cm™): v = 2955, 2929, 2856, 2032, 1974, 1776, 1257, 1099, 835,
777, 699. HRMS (ESI): m/z 377.2143 calc. for C21H3304Si" [M+H]", found 377.2142.
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16t: 35.0 mg; 60% (5 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCl3) ¢ 7.40 — 7.27 (m, 5H), 5.13 (dd, J = 10.6, 5.7 Hz, 1H), 3.11 (tdd, J = 10.7, 3.3,
1.9 Hz, 1H), 2.94 (dd, J = 18.8, 10.7 Hz, 1H), 2.58 (dd, J = 18.8, 3.4 Hz, 1H), 2.14 — 2.03 (m, 2H), 2.00 —
1.88 (m, 3H), 1.87 — 1.78 (m, 2H), 1.76 — 1.69 (m, 1H), 1.31 — 1.14 (m, 5H). *C NMR (125 MHz, CDCl;)
8 175.2,139.2, 128.6, 128.2, 126.0, 121.0, 79.7, 44.4, 42.7, 39.6, 36.9, 26.9, 26.2, 25.8. IR (neat, cm™): v
= 2929, 2854, 1772, 1450, 1257, 1217, 867, 918, 904, 760, 699. HRMS (ESI): m/z 287.1642 calc. for
CisH2305" [M+H]', found 287.1641.
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16u: 35.3 mg; 60% (21 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). '"H
NMR (500 MHz, CDCl3) & 7.40 — 7.27 (m, 10H), 5.16 (dd, J=10.3, 5.9 Hz, 1H), 3.37 (d, /= 13.9 Hz, 1H),
3.29 (d, J=13.9 Hz, 1H), 3.08 (dddd, /=9.2, 6.7, 4.2, 2.0 Hz, 1H), 2.52 — 2.38 (m, 2H), 2.05 — 1.93 (m,
2H). *C NMR (125 MHz, CDCls) § 174.8, 139.0, 134.3, 130.6, 128.6, 128.3, 127.4, 126.2, 118.2, 80.3,
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43.2,41.8,40.9,36.7. IR (neat, cm™): v=3031, 2927, 1772, 1455, 1262, 983, 906, 760, 700. HRMS (ESI):
m/z 295.1329 calc. for C19H;905" [M+H]", found 295.1329.

O
O
11T
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16v: 40.1 mg; 65% (17 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). '"H
NMR (500 MHz, CDCls) 6 7.40 — 7.29 (m, 7H), 7.28 — 7.21 (m, 3H), 5.19 (dd, J= 9.6, 6.5 Hz, 1H), 3.05
—2.87 (m, 4H), 2.68 — 2.55 (m, 1H), 2.35 (q, J = 8.0 Hz, 2H), 2.22 — 2.12 (m, 2H). ®C NMR (125 MHz,
CDCl3) 6 174.9, 140.8, 139.0, 128.6, 128.3, 128.3, 126.3, 126.0, 118.4, 80.0, 42.2, 41.9, 39.3, 36.5, 30.0.
IR (neat, cm™): v = 3028, 2936, 1770, 1497, 1454, 1265, 1243, 1177, 1029, 922, 902, 754, 700. HRMS
(ESI): m/z 309.1485 calc. for C2oH2105" [M+H]", found 309.1482.
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16w: 26.5 mg; 65% (10 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). '"H
NMR (500 MHz, CDCl3) 6 7.39 — 7.31 (m, 5H), 6.29 (d, /= 5.6 Hz, 1H), 5.18 (dd, /=9.8, 6.0 Hz, 1H),
3.38-3.31 (m, 1H), 2.95 (dd, J = 18.8, 10.6 Hz, 1H), 2.56 (dd, J = 18.8, 4.0 Hz, 1H), 2.21 — 2.12 (m, 2H).
3C NMR (125 MHz, CDCls) § 175.3, 138.9, 128.6, 128.3, 126.0, 108.1, 80.0, 41.2, 38.9, 35.1. IR (neat,
em™): v = 2924, 2160, 1782, 1177, 1103, 975, 897, 759, 701. HRMS (ESI): m/z 203.0703 calc. for
C12H105" [M-H]", found 203.0704.
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16x: 28.4 mg; 58% (4 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCl3) § 7.39 — 7.29 (m, 5H), 5.20 — 5.06 (m, 1H), 3.14 — 3.04 (m, 1H), 2.96 (dd, J =
18.8, 10.7 Hz, 1H), 2.60 (dd, J = 18.8, 3.4 Hz, 1H), 2.32 — 2.22 (m, 1H), 2.14 —2.03 (m, 2H), 1.11 (dd, J =
11.0, 6.8 Hz, 6H). *C NMR (125 MHz, CDCl3) § 175.3, 139.1, 128.6, 128.2, 126.0, 121.5, 79.8, 42.8, 39.4,
37.0,34.9,16.9, 16.9. IR (neat, cm™): v = 2969, 1769, 1245, 1227, 1098, 973, 949, 923, 904, 700. HRMS
(ESI): m/z 247.1329 calc. for Ci1sH1905" [M+H]", found 247.1327.
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16y: 27.6 mg; 56% (30 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). '"H
NMR (500 MHz, CDCls) 6 7.43 — 7.30 (m, 4H), 7.31 — 7.25 (m, 1H), 5.17 (dd, J= 9.0, 6.5 Hz, 1H), 3.02
(qd, J=8.7, 1.8 Hz, 1H), 2.81 —2.68 (m, 2H), 2.39 (dd, J = 18.2, 1.8 Hz, 1H), 2.19 (p, J = 6.8 Hz, 1H),
1.82 (dt,J=13.0, 8.9 Hz, 1H), 1.08 (dd, J= 14.6, 6.8 Hz, 6H). *C NMR (125 MHz, CDCl3) § 174.2, 141.0,
128.6, 127.9, 125.6, 121.5, 83.2, 41.8, 40.3, 36.9, 35.3, 16.9, 16.6. IR (neat, cm™): v = 2970, 2159, 2022,

1972, 1775, 1061, 998, 945. HRMS (ESI): m/z 247.1329 calc. for C;sHi9Os" [M+H]", found 247.1326.
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16za: 19.4 mg; 50% (5 h); colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCls) 6 2.73 (dd, J=17.3, 7.4 Hz, 1H), 2.33 (dd, J=17.3, 2.7 Hz, 1H), 2.30 — 2.16 (m,
3H), 2.02 — 1.90 (m, 2H), 1.89 — 1.72 (m, 3H), 1.64 — 1.57 (m, 2H), 1.54 — 1.49 (m, 4H). *C NMR (125
MHz, CDCls) § 174.2, 108.7, 76.0, 37.2, 37.1, 35.0, 34.0, 29.6, 26.4, 22.4, 13.2. IR (neat, cm™): v = 2988,
2938, 1770, 1277, 1244, 1111, 1065, 942, 897. HRMS (ESI): m/z 197.1172 calc. for C;;H;705" [M+H]',
found 197.1173.

H

)

07 =0
Me

16zb: 20.2 mg; 48% (4 h); white solid; purified by column chromatography (hexane/EtOAc = 2/1). '"H
NMR (500 MHz, CDCls) 6 2.83 (dd, J=17.4, 7.6 Hz, 1H), 2.31 (dd, J=17.4, 1.4 Hz, 1H), 2.25 (dddd, J
=9.9,78,6.5, 1.4 Hz, 1H), 2.15-2.07 (m, 1H), 1.90 — 1.74 (m, 4H), 1.69 — 1.63 (m, 1H), 1.62 — 1.56 (m,
3H), 1.54 — 1.41 (m, 6H). *C NMR (125 MHz, CDCl;) § 174.1, 109.6, 84.9, 41.0, 37.9, 37.3, 36.7, 31.6,
27.6, 24.1, 24.0, 22.9. IR (neat, cm™): v = 2941, 2870, 1767, 1250, 1179, 1117, 1022, 896, 868. HRMS
(ESI): m/z 211.1329 calc. for C12H1905" [M+H]", found 211.1328.
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16zc: 23.8 mg; 53% (4 h); white solid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCls3) 6 2.84 (dd, J=17.6, 8.0 Hz, 1H), 2.35 —2.23 (m, 2H), 1.92 — 1.84 (m, 1H), 1.82
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~ 176 (m, 1H), 1.74 — 1.64 (m, 2H), 1.64 — 1.57 (m, 3H), 1.53 — 1.46 (m, 5H), 1.44 — 1.27 (m, 5H). 3C
NMR (125 MHz, CDCls) 6 174.4, 109.6, 74.9, 39.4, 37.8, 37.5, 35.6, 31.0, 28.0, 25.8, 22.4, 22.0. IR (neat,
cm™): v = 2933, 2860, 1766, 1270, 1249, 1139, 1048. 896, 883. HRMS (ESI): m/z 225.1485 calc. for
C13H,0;" [M+H]', found 225.1485.

16zd: 35.0 mg as a mixture of 1:1.3 diastereomers from a 1:1 mixture of starting materials; 75% (4 h);
colorless liquid; purified by column chromatography (hexane/EtOAc = 2/1). '"H NMR (500 MHz, CDCl5)
0 7.35(t,J=4.4 Hz, OH), 7.29 (dddd, J=7.1, 6.3, 3.4, 2.0 Hz, 2H), 4.76 (dd, J = 11.2, 2.3 Hz, 1H), 4.58
(dd, J=11.0, 3.0 Hz, 1H), 2.90 (dd, J=17.2, 6.9 Hz, 1H), 2.84 —2.74 (m, 1H), 2.51 — 2.43 (m, 3H), 2.40
—2.30 (m, 2H), 2.14 — 2.04 (m, 3H), 2.01 — 1.94 (m, 1H), 1.91 — 1.84 (m, 1H), 1.83 — 1.51 (m, 14H). BC
NMR (125 MHz, CDClL3) & 175.6, 173.9, 141.3, 141.1, 128.5, 127.9, 127.8, 126.1, 125.6, 109.2, 107.0,
75.6, 74.0, 38.6, 37.7, 36.7, 31.4, 30.4, 27.1, 26.8, 26.4, 22.4, 20.7. IR (neat, cm™): v = 2989, 2938, 2864,
1788, 1452, 1385, 1250, 1222, 1176, 1157, 1089, 1075, 1047, 943, 899, 701. HRMS (ESI): m/z 233.1172
calc. for C14H,70;" [M+H]", found 233.1172.
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)

HO
21: 14.0 mg; 47% (5 h); colorless solid; purified by column chromatography (hexane/EtOAc = 2/1). 'H
NMR (500 MHz, CDCls) & 7.40 — 7.29 (m, 5H), 5.17 (dd, J=10.1, 6.0 Hz, 1H), 3.75 (td, /= 6.3, 1.7 Hz,
2H), 3.09 — 2.95 (m, 2H), 2.62 (dd, J = 18.1, 2.7 Hz, 1H), 2.22 — 2.08 (m, 4H), 1.84 (tt, /= 8.2, 6.3 Hz,
2H). BC NMR (125 MHz, CDCl3) § 174.9, 139.0, 128.6, 128.3, 126.0, 118.7, 80.2, 62.4, 42.1, 42.1, 36.6,
34.1, 26.8. IR (neat, cm™): v = 3446, 2928, 2006, 1769, 1320, 1264, 1124, 1059, 964, 904, 701. HRMS
(ESI): m/z 285.1097 calc. for C;sHisNaO," [M+Na]", found 285.1096.
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23 24

15% (25% brsm)
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A solution of titanium(IV) isopropoxide (0.04 ml, 0.13 mmol, 1.1 equiv.) and alcohol 24* (26.4 mg, 0.12
mmol, 1.0 equiv.) in toluene (0.24 ml) was stirred at room temperature for 1 h and then at 40 °C (oil bath)
for 10 min. After volatile components were removed under vacuum, THF (1.2 mL) and methyl ester 23*
(28.8 mg, 0.18 mmol, 1.5 equiv.) were added at room temperature, followed by a 2 M solution of
cyclopentylmagnesium chloride (0.31 ml, 0.61 mmol, 5.0 equiv.) in tetrahydrofuran, over a period of 1 h
(with a syringe pump). The reaction mixture was stirred for an additional 14 h and quenched by addition of
water. The resulting mixture was stirred for 1 h, dried over anhydrous sodium sulfate, and filtered. The
filter cake was washed with CH,Cl,, and the combined filtrates were concentrated under reduced pressure.
The resulting residue was purified by flash chromatography (hexane/ether = 1/1) to give cyclopropanol 25
(4.1 mg, 15%, 25% brsm) as colorless oil.

25: "TH NMR (500 MHz, CDCl5)  4.00 (qd, J = 3.3, 1.3 Hz, 4H), 3.91 — 3.80 (m, 3H), 3.78 — 3.72 (m, 2H),
2.75 (s, 1H), 1.91 (d, J = 2.5 Hz, 2H), 1.73 (dddt, J = 8.8, 5.3, 3.6, 1.8 Hz, 1H), 1.43 (s, 3H), 0.91 (s, 9H),
0.72 (dd, J=9.5, 5.2 Hz, 1H), 0.64 (td, J=9.8, 6.3 Hz, 1H), 0.51 — 0.45 (m, 1H), 0.09 (d, /= 1.9 Hz, 6H).
BC NMR (125 MHz, CDCl3) § 110.9, 67.1, 66.5, 64.4, 55.6, 46.4, 42.0, 25.9, 24.4,22.1, 18.2, 17.3, -5.5, -
5.6. IR (neat, cm™): v= 3462, 2953, 2929, 2884, 2857, 1472, 1380, 1253, 1146, 1093, 1051, 948, 836, 778.
HRMS (ESI): m/z 369.2068 calc. for Ci7H34NaOsSi" [M+Na]", found 369.2067.

TBSO
o Me Pd(OAc), (0.2 equiv.) H
[ X CO (balloon) 0
e OTBS > o01~G
OH DDQ (1.8 equiv.) Me
- OH benzene, rt, 8 h oo
—/

42%
(99% brsm) 26

To a stirred solution of 25 (50.0 mg, 0.144 mmol, 1.0 equiv.) and DDQ (59.0 mg, 0.26 mmol, 1.8 equiv.)
in benzene (14.4 ml, 0.01 M) under carbon monoxide (the reactor was evacuated and backfilled three times
using a carbon monoxide balloon) was added Pd(OAc), (6.5 mg, 0.029 mmol, 0.2 equiv.) in one portion.
The resulting solution was stirred at room temperature for 7 h before the reaction was quenched with water.
The aqueous layer was extracted with ethyl acetate three times. The combined organic layer was washed
with brine, dried over Na;SO4 and concentrated under reduced pressure. The resulting residue was purified
by flash chromatography (hexane/ethyl acetate = 2/1) to obtain 26 as yellow oil (22.7 mg, 42%; 28.5 mg
starting material was recovered; 99% yield brsm).

26: '"H NMR (500 MHz, CDCl3) § 4.05 (dd, J= 9.0, 7.1 Hz, 1H), 3.97 - 3.91 (m, 4H), 3.71 — 3.58 (m, 3H),
3.23(ddd, /=104, 9.2,3.9 Hz, 1H), 2.75 (dd, J = 18.8, 3.9 Hz, 1H), 2.70 — 2.57 (m, 2H), 2.40 (d, /= 15.1
Hz, 1H), 2.28 (d, J = 15.1 Hz, 1H), 1.40 (s, 3H), 0.88 (s, 9H), 0.05 (d, J = 0.7 Hz, 6H). *C NMR (125
MHz, CDCls) 6 175.3, 117.3, 108.0, 68.6, 64.4, 64.2, 60.2, 45.2, 43.4, 43.4, 29.9, 25.8, 25.3, 18.1, -5.5, -
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5.6. IR (neat, cm™): v=2917, 2849, 1978, 1738, 1463, 1253, 1044, 778, 697. HRMS (ESI): m/z 395.1860

calc. for C1sH3,NaO4Si" [M+Na]’, found 395.1861.

TBSO
i. TsOH

acetone/H,0
O °C,6h

ii. BzCI pyr.
CH,Cl,, 1t, 2 h

57% (2 steps
b (2 steps) Paeonilide (1h)

To a solution of cis-fused lactone 26 (13.9 mg, 0.037 mmol, 1.0 equiv.) in acetone:H,O = 15:1 (1.75 m1:0.12
ml) at room temperature was added TsOH-H»O (3.5 mg, 0.019 mmol, 0.5 equiv.). The reaction was heated
at 50 °C with an oil bath for 6 h. It was then cooled down, quenched with aqueous NaHCOs and extracted
with EtOAc. The combined organic layer was washed with brine, dried with Na;SOs, and concentrated

under reduced pressure. The resulting residue was used in the next step without purification.

To a solution of alcohol (9.5 mg) in CH,Cl, at room temperature was added pyridine (0.03 ml) and BzCl
(6.9 ul, 0.06 mmol, 2.0 equiv.). After 2 h, the reaction was concentrated under reduced pressure. The
resulting residue was purified by flash chromatography (hexane/ethyl acetate = 2/1) to obtain 1h (6.7 mg,
57%, 2 steps) as colorless solid.

'"H NMR (500 MHz, CDCl;) § 8.02 (d, 2H, J=7.8 Hz), 7.60 (t, 1H, J=7.6 Hz), 7.47 (t, 2H, J=7.6 Hz), 4.29 (dd,
1H, J=7.2 Hz, 11.0 Hz), 4.19 (dd, 1H, J=8.0 Hz, 11.0 Hz), 4.00-4.06 (m, 2H), 3.41 (d, 1H, J=17.8 Hz), 3.35 (dd,
1H, J=10.6 Hz, 18.6 Hz), 2.94-2.98 (m, 1H), 2.96 (d, 1H, J=17.6 Hz), 2.55 (dd, 1H, J=2.8 Hz, 18.4 Hz), 2.53
(m, 1H), 2.20 (s, 3H). ®*C NMR (125 MHz, CDCl;) § 204.4, 174.5, 166.4, 133.5, 129.6, 129.5, 128.6, 115.0,
67.9, 64.9, 49.5, 46.8, 44.4, 36.6, 31.0. IR (neat, cm-1): v = 2923, 2853, 1781, 1716, 1451, 1371, 1314,
1271, 1173, 1110, 1071, 1040, 1026, 950, 713. HRMS (ESI): m/z 319.1176 calc. for C;7H190s" [M+H]",
found 319.1177.

'"H NMR (500 MHz, CDCl5) 13C NMR (125 MHz, CDCl3)
Natural Product Synthetic Sample Natural Product Synthetic Sample
2.20 (s, 3H) 2.20 (s, 3H) 30.9 31.0
2.54 (m, 1H) 2.53 (m, 1H) 36.6 36.6
2.55(dd, 1H, J=2.8 | 2.55(dd, 1H, J=2.8 44.4 44.4
Hz, 10.5 Hz) Hz, 18.4 Hz)
2.96 (d, 1H,J=17.8 | 2.96 (d, 1H, J=17.6 46.7 46.8
Hz) Hz)
2.97 (m, 1H) 2.94-2.98 (m, 1H) 49.5 49.5
3.34 (dd, 1H, J=8.0 3.35(dd, 1H, 64.9 64.9
Hz, 10.5 Hz) J=10.6 Hz, 18.6 Hz)
3.40(d, 1H,J=17.8 | 3.41(d, 1H,J=17.8 67.9 67.9
Hz) Hz)
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4.03 (m, 2H) 4.00-4.06 (m, 2H) 114.9 115.0
4.19 (dd, 1H, J=8.0 | 4.19(dd, 1H, J=8.0 128.5 128.6
Hz, 11.0 Hz) Hz, 11.0 Hz)
4.30(dd, 1H,J=7.3 | 4.29(dd, 1H, J=7.2 129.6 129.5
Hz, 11.0 Hz) Hz, 11.0 Hz)
7.47 (t, 2H, J=8.5 7.47 (t, 2H, J=7.6 129.6 129.6
Hz) Hz)
7.60 (brt., 1H) 7.60 (t, 1H, J=7.6 1334 1335
Hz)
8.02 (dd, 2H, J=1.2 8.02 (d, 2H, J=7.8 166.3 166.4
Hz, 8.5 Hz) Hz)
174.4 174.5
207.1 204.4
Diversification
q o H MeNSy i H O H
omph i. BUOCH(NMe,), M ii. DIBAL-H o:}j\/y—Ph
00 . > O Ph————F> 00
Me neat, 90 °C 00 THF, -78 °C Me
16a 27 Me 80% (2 steps) 28

To a solution of cis-fused lactone 16a (55 mg, 0.252 mmol, 1.0 equiv.) was added Bredereck's reagent
(219.6 mg, 1.26 mmol, 5.0 equiv.). The reaction was heated to 90 °C using an oil bath. After 4 h, the reaction
was cooled to room temperature, the crude was purified by flash column (Hex/EA = 1/3) directly without

work-up to give 66 mg crude product.

To a solution of the above crude enamine (61.5 mg, 0.225 mmol, 1.0 equiv.) in THF (4.5 ml, 0.05 M) at -
78 °C was added DIBAL-H (2.4 equiv.) dropwise. After 1 h, the reaction was quenched with a saturated
aqueous solution of NH4Cl, extracted with EtOAc, washed with brine, dried with Na,SO4, and concentrated.
The crude residue was purified by flash column (Hex/EA = 5/1) to give a-methylene y-butyrolactone 28
(42.8 mg, 80%, over 2 steps) as white solid.

28: '"H NMR (500 MHz, CDCls) § 7.40 — 7.28 (m, 5H), 6.42 (d, J= 2.6 Hz, 1H), 5.78 (d, J = 2.2 Hz, 1H),
5.03(dd, J=11.1, 5.0 Hz, 1H), 3.49 (dd, J= 8.8, 1.8 Hz, 1H), 2.39 — 2.21 (m, 2H), 1.79 (s, 3H). *C NMR
(125 MHz, CDCl3) 6 168.7, 139.6, 138.7, 128.6, 128.3, 126.0, 124.4, 113.9, 80.3, 48.7, 43.6, 24.6. IR (neat,
cm™): v = 2937, 1762, 1276, 1125, 1067, 927, 913, 872, 759, 700. HRMS (ESI): m/z 231.1016 calc. for
Ci4Hi505" [M+H]', found 231.1014.

H H
- H . H . s H
i. MeNH, A H ii. TFA
o Ph ————» MeHNOC —_— OmPh
=(oon_ THF, rt ® H;j;oy_Ph DCM, rt Ngeye
Me Me 77% (2 steps) Me Me
16a 29 30
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A solution of MeNH, (64.0 mg, 40 wt% in water, 2.06 mmol, 15.0 equiv) was added to cis-fused lactone
16a (30.0 mg, 0.138 mmol, 1.0 equiv.) in THF (1.4 ml, 0.1 M) at room temperature. The reaction mixture
was stirred at room temperature for 1 h. The resulting mixture was evaporated to dry under reduced pressure.

The crude is proceeded to the next step without purification.

To a solution of the above crude (0.138 mmol, 1.0 equiv.) in DCM (1.4 ml, 0.1 M) was added TFA (21 pl,
0.275 mmol, 2.0 equiv.) in one portion at room temperature. After the reaction was stirred at room
temperature for 30 min, it was quenched with a saturated aqueous solution of NH4Cl, extracted with EtOAc,
washed with brine, dried with Na,SO4, and concentrated. The crude was purified by flash column (Hex/EA
= 6/1) to give lactam 30 (24.5 mg, 77%, over 2 steps) as colorless liquid.

30: "H NMR (500 MHz, CDCls) § 7.43 —7.26 (m, 5H), 4.78 (dd, J = 10.9, 5.0 Hz, 1H), 2.84 (s, 3H), 2.80
(d, J=6.5Hz, 2H), 2.39 (d, /= 14.7 Hz, 1H), 2.21 — 2.11 (m, 1H), 2.03 (dd, /= 12.6, 5.0 Hz, 1H), 1.64 (s,
3H). BC NMR (125 MHz, CDCls) § 139.7, 128.6, 128.1, 126.1, 100.6, 79.0, 43.3, 41.5, 37.4, 24.6, 23.4.
IR (neat, cm™): v = 2939, 1674, 1602, 1423, 1204, 1149, 1131, 1066, 801, 756, 723, 699. HRMS (ESI):
m/z 232.1332 calc. for C14H;sNO," [M+H]", found 232.1331.

CO,H i S
Ph 2
H i. LDA, THF HO H O
i : H ii. Br

o= T Men _m8%C
0L “PncHo =0 DMAP (cat.) :
16 82% DCC, DCM, 0 °C 6h O Ph
a dr. 3:1 31 93% 050

32
To a solution of cis-fused lactone 16a (26.4 mg, 0.121 mmol, 1.0 equiv.) in THF (1.2 ml, 0.1 M) at -78 °C

was added 1.0 M LDA (0.145 ml, 0.145mmol, 1.2 equiv.) dropwise. After 30 min, benzaldehyde (15 pl,
0.145 mmol, 1.2 equiv.) was added dropwise at -78 °C and the reaction was stirred at this temperature for
1.5 h. The reaction was quenched with a saturated aqueous solution of NH4Cl and extracted with EtOAc.
The combined organic layers were washed with brine and evaporated. The residue was purified via flash
column (Hex:EA = 5:1) to give aldol product 31 (dr. 3:1, separable, total 32.0 mg, 82%) as white solid.
31, major diastereomer: 'H NMR (500 MHz, CDCls) & 7.43 — 7.36 (m, 4H), 7.32 — 7.24 (m, 6H), 5.49
(dd, J=4.8, 2.4 Hz, 1H), 5.03 (dd, J = 11.5, 4.5 Hz, 1H), 3.10 — 2.97 (m, 2H), 2.70 (d, J = 4.7 Hz, 1H),
2.00 — 1.87 (m, 1H), 1.73 (s, 3H), 1.61 (dd, J = 12.9, 4.6 Hz, 1H). *C NMR (125 MHz, CDCl;) § 176.3,
141.0, 138.8, 128.8, 128.5, 128.2, 128.0, 126.0, 125.3, 116.4, 80.4, 71.6, 56.9, 43.7, 42.1, 24.5. IR (neat,
cm™): v = 3478, 3033, 2934, 1759, 1453, 1389, 1266, 1128, 1091, 905, 760, 700. HRMS (ESI): m/z
347.1254 calc. for C20H20NaO4" [M+Na]", found 347.1250.
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31a, minor diastereomer: "H NMR (500 MHz, CDCl;) § 7.47 — 7.36 (m, 4H), 7.36 — 7.26 (m, 5H), 7.25
(s, 1H), 5.07 (td, /= 10.0, 8.7, 2.9 Hz, 2H), 3.65 (d, J= 1.7 Hz, 1H), 3.10 (dd, J = 7.8, 5.6 Hz, 1H), 2.70
(dd, J=8.4, 5.5 Hz, 1H), 1.96 (ddd, J = 13.0, 11.4, 8.3 Hz, 1H), 1.77 (dd, J = 13.0, 4.6 Hz, 1H), 1.45 (s,
3H). ®C NMR (125 MHz, CDCl;) § 176.6, 139.6, 138.6, 128.9, 128.8, 128.6, 128.3, 126.7, 126.0, 116.0,
80.6, 74.4, 55.3, 46.3, 41.7, 24.8. IR (neat, cm™): v = 3478, 3033, 2934, 1759, 1453, 1389, 1266, 1128,
1091, 905, 760, 700. HRMS (ESI): m/z 347.1254 calc. for C20H0NaO4" [M+Na]", found 347.1250.

To a mixture of the major diastereomer of aldol product 31 (30.0 mg, 0.093 mmol, 1.0 equiv.), DMAP (1.0
mg), 4-bromo benzoic acid (20.5 mg, 0.102 mmol, 1.1 equiv.) was added CH,Cl, (0.93 ml, 0.1 M). DCC
(22.0 mg, 0.107 mmol, 1.15 equiv.) were sequentially added to the solution at 0 °C. The resulting mixture
was stirred at 0 °C for 6 h before it was quenched with water. The layers were separated, and the aqueous
layer was extracted with CH>Cl,. The combined organic layers were dried with Na,;SO4 and concentrated
under reduced pressure. The residue was purified by flash column (Hex/EA = 8/1) to give 32 (43.5 mg,
93%) as white solid.

32: 'TH NMR (500 MHz, CDCl3) § 7.99 — 7.87 (m, 2H), 7.68 — 7.59 (m, 2H), 7.42 — 7.26 (m, 10H), 6.55 (d,
J=3.5Hz, 1H), 5.07 (dd, J=11.4, 4.4 Hz, 1H), 3.29 (dd, J = 5.7, 3.5 Hz, 1H), 3.17 (dd, /= 8.2, 5.8 Hz,
1H), 2.05 (ddd, J = 12.9, 11.4, 8.3 Hz, 1H), 1.77 (dd, J = 13.0, 4.5 Hz, 1H), 1.66 (s, 3H). *C NMR (125
MHz, CDCl3) & 173.6, 164.3, 138.4, 137.0, 132.0, 131.1, 129.1, 128.8, 128.6, 128.4, 128.4, 126.0, 125.7,
115.4, 80.4, 74.2, 54.6, 45.2, 42.1, 25.1. IR (neat, cm™): v = 2243, 2072, 1974, 1771, 1728, 1590, 1300,
1266, 1092, 1012, 755, 699. HRMS (ESI): m/z 529.0621/531.0601 calc. for C27H23BrNaO5" [M+Na]’,
found 529.0620/531.0603.

H i. DIBAL-H H

-\ H 78 o - H
OmPh DCM, -78 °C . (I&—Ph
o o 0 ii. BF3°Et,0, Et;SiH 070
e DCM, -78 °C Me
16a 69% 33

To a solution of cis-fused lactone 16a (41.5 mg, 0.19 mmol, 1.0 equiv.) in anhydrous CH>Cl, (1.9 ml, 0.1
M) was added 1.0 M DIBAL-H solution in toluene (0.21 mL, 0.21 mmol, 1.1 equiv.) at -78 °C. The reaction
mixture was stirred for 30 min and the progress of the reaction was monitored by TLC. After the reaction
was over, a saturated solution of sodium potassium tartrate was added. The reaction was allowed to stir for
4-6 h till a clear separation of organic and aqueous layers resulted. The organic layer was separated and
aqueous layer was further extracted with CH,Cl,. The combined organic layers were dried over Na,SO4 and
evaporated under vacuum. The residue obtained was purified by column chromatography (Hex/EA = 1/1)

to yield a hemiacetal (43.3 mg, quant.) as colorless oil.
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To a solution of the above hemiacetal (15.9 mg, 0.723 mmol, 1.0 equiv.) in anhydrous CH>Cl, (5 mL) at
0 °C, triethylsilane (35 pl, 0.217 mmol, 3.0 equiv.) was added and the reaction mixture was cooled to -
78 °C. A solution of BF; etherate (18 ul, 0.145 mmol, 2.0 equiv.) was added slowly to the reaction mixture
and the reaction was allowed to raise to room temperature. After completion, a saturated solution of sodium
bicarbonate was added. The mixture was extracted with CH,Cl,. The combined organic layers were washed
with brine, dried over Na,SO4. The organic solvent was removed by rotatory evaporation. The residue was
purified by column chromatography on silica gel with (Hex/EA = 2:1) to yield 33 (10.1 mg, 69%) as
colorless oil.

33:'H NMR 'H NMR (500 MHz, CDCl3) § 7.35 — 7.26 (m, 5H), 5.16 (dd, J= 10.6, 5.6 Hz, 1H), 4.09 (td,
J=28.6, 6.7 Hz, 1H), 3.94 (ddd, J = 9.0, 7.9, 4.4 Hz, 1H), 2.69 (d, J = 4.1 Hz, 1H), 2.34 — 2.25 (m, 1H),
2.16(ddd, J=12.8, 5.6, 1.7 Hz, 1H), 2.12 - 2.05 (m, 1H), 1.91 — 1.85 (m, 1H), 1.63 (s, 3H). *C NMR (125
MHz, CDCls) § 141.8, 128.4, 127.5, 125.8, 116.7, 81.0, 68.2, 47.1, 42.4, 33.1, 24.5. IR (neat, cm™): v =
2926, 2854, 1452, 1380, 1108, 1016, 755, 699. HRMS (ESI): m/z 203.1068 calc. for Ci3H;s0," [M-H],
found 203.1067.

! |
. H | » H
A : H
o) Ph -
Me THF, -78 °C Me
16a 82% 35

To a solution of cis-fused lactone 16a (24.0 mg, 0.11 mmol, 1.0 equiv.) in THF (0.1 M) at -78 °C was added
1.0 M LDA (0.22 mmol, 2.0 equiv.) dropwise. After 1 h, allyl iodide (25 pl, 0.275 mmol, 2.5 equiv.) was
added over 5 min at -78 °C and the reaction was stirred at this temperature for 1 h before it was quenched
with a saturated solution of NH4CI and extracted with EtOAc. The combined organic layer was washed
with brine and evaporated. The residue was purified via flash column (Hex/EA = 3/1) to give 35 (23.4 mg,
82%) as colorless liquid.

35:"H NMR (500 MHz, CDCl3) § 7.40 — 7.29 (m, 5H), 5.85 - 5.71 (m, 1H), 5.24 — 5.14 (m, 2H), 5.12 (dd,
J=10.6, 5.3 Hz, 1H), 2.84 — 2.70 (m, 2H), 2.70 — 2.59 (m, 1H), 2.48 — 2.39 (m, 1H), 2.24 — 2.09 (m, 2H),
1.76 (s, 3H). *C NMR (125 MHz, CDCls) § 176.9, 139.0, 133.8, 128.6, 128.3, 126.0, 118.9, 115.4, 80.5,
48.7, 48.0, 42.0, 36.0, 25.4. IR (neat, cm™): v = 2936, 2040, 2025, 1769, 1388, 1289, 1264, 1134, 1093,
998, 920, 700. HRMS (ESI): m/z 259.1329 calc. for CisH1905" [M+H]", found 259.1328.

\\\ i ° H H
- H i. DIBAL-H, THF, -78 °C Ql\/(ytl
~— H ii. 0s0Qy4, NalOy, 2,6-lutidine, 0°C O Ph
(@) Ph >
<L

: iii. BF3*Et,0, Et3SiH, DCM, -78 °C H O |\E/|eo
Me
%5 68% (3 steps) 36

S30



To a solution of 35 (55.3 mg, 0.214 mmol, 1.0 equiv.) in DCM (2.1 ml) was added 1.0 M DIBAL-H (1.15
equiv.) in toluene at -78 °C. The reaction mixture was stirred for 1 h followed by quenching with a saturated
solution of sodium potassium tartrate. After stirring another 2 h, the organic layer was separated and the
aqueous layer was further extracted with DCM. The combined organic layer was washed with brine and

dried over Na;SOys, and evaporated. The crude was used in the next step without purification.

To a solution of the above crude product in dioxane: water mixture (3:1, v/v; 3 mL) at 0 °C was added 2,6-
lutidine (25 pl, 0.214 mmol, 1.0 equiv.) and an OsO4 solution in water (5 mg/ml, 0.00214 mmol, 0.01 equiv.)
followed by NalO4 (137 mg, 0.214 mmol, 3.0 equiv.) at room temperature. After 5 h, the reaction was
completed and quenched with aqueous sodium thiosulfate solution. The reaction mixture was exhaustively
extracted with EtOAc. The combined organic layer was dried over Na,SOy, filtered through a celite-pad,
and evaporated under vacuum to yield a crude diastereomeric tricyclic hemiacetal, which was subjected to

next reaction without purification.

To a solution of the above crude (21 mg, 1.0 equiv.) in anhydrous DCM (0.8 ml) at -78 °C, triethylsilane
(39 pl, 0.24 mmol, 3.0 equiv.) and BF; etherate (20 ul, 0.16 mmol, 2.0 equiv.) was added slowly. After 2
h, a saturated solution of sodium bicarbonate was added to it followed by extraction with DCM. The
combined organic layer was washed with brine and dried over Na,SO4. The solvent was removed by
rotatory evaporation. The residue was purified via flash column (Hex:EA = 4:1) to give 36 (13.4 mg, 68%,
3 steps) as colorless oil.

36: '"H NMR (500 MHz, CDCl3) § 7.36 —7.32 (m, 5H), 5.97 (d, J=5.1 Hz, 1H), 5.00 (dd, J=11.2, 4.8 Hz,
1H), 3.99 (td, J= 8.4, 2.5 Hz, 1H), 3.92 (ddd, /= 10.4, 8.8, 5.9 Hz, 1H), 2.78 (ddt, /= 8.8, 5.3, 2.7 Hz, 1H),
2.53(dd, J=8.1, 3.4 Hz, 1H), 2.19 — 2.13 (m, 2H), 2.07 (ddd, J = 12.6, 11.1, 8.3 Hz, 2H), 1.71 (s, 3H). *C
NMR (125 MHz, CDCl3) 6 140.5, 128.4, 127.8, 126.0, 117.0, 109.4, 79.5, 66.7, 53.9, 50.5, 43.0, 33.2, 25.3.
IR (neat, cm™): v =2935, 2871, 1449, 1380, 1134, 1026, 989, 945, 895, 759, 700. HRMS (ESI): m/z
247.1329 cale. for CisHi1905" [M+H]", found 247.1327.

\ i. DIBAL-H, THF, 78 °C Oy Hy
» H ii. 0s0,4, NalOy, 2,6-lutidine, 0 °C N
- H > O Ph
O='(OIO>LPh iii. Jones oxidation, 0 °C to rt H OT0
Me 44% (3 steps) 32"9

35
To a solution of 35 (55.3 mg, 0.214 mmol, 1.0 equiv.) in DCM (2.1 ml) was added 1.0 M DIBAL-H (1.15
equiv.) in toluene at -78 °C. The reaction mixture was stirred for 1 h followed by quenching with a saturated

solution of sodium potassium tartrate. After stirring another 2 h, the organic layer was separated and the
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aqueous layer was further extracted with DCM. The combined organic layer was washed with brine and

dried over Na,SOs and evaporated. The crude was used to the next step without purification.

To a solution of the above crude product in dioxane/water mixture (3:1, v/v; 3 mL) at 0 °C was added 2,6-
lutidine (25 pl, 0.214 mmol, 1.0 equiv.) and 5 mg/ml OsOy4 solution in water (0.00214 mmol, 0.01 equiv.)
followed by NalO4 (137 mg, 0.214 mmol, 3.0 equiv.) at room temperature. After 5 h, the reaction was
quenched with an aqueous sodium thiosulfate solution and exhaustively extracted with EtOAc. The
combined organic layer was dried over Na,SOg, filtered through a celite-pad, and evaporated under vacuum
to yield a crude diastereomeric tricyclic hemiacetal, which was subjected to next reaction without

purification.

To a solution of the above crude product (23.0 mg, 0.088 mmol, 1.0 equiv.) in acetone (1 mL) was added
dropwise 2.5 M Jones reagent (35 pl, 0.088 mmol, 1.0 equiv.) at 0 °C and the reaction mixture was gradually
allowed to warm to room temperature. After 10 h, the reaction was quenched with a sat. NaHCOj3 solution
and extracted with EtOAc. The combined organic layer was washed with brine and dried over Na;SOs,
evaporated and subjected to column chromatography (Hex:EA = 3:1 to pure EtOAc) to yield tricyclic
lactone 37 (9.9 mg, 44%, 3 steps) as colorless oil.

37: '"H NMR (500 MHz, CDCl3) § 7.38 — 7.29 (m, 5H), 6.21 (d, J= 5.4 Hz, 1H), 5.06 (dd, J=9.1, 6.8 Hz,
1H), 3.05 (tdd, /= 6.9, 3.4, 1.8 Hz, 1H), 2.93 (dd, J = 18.1, 9.3 Hz, 1H), 2.63 (dd, /= 18.1, 2.5 Hz, 1H),
2.54 (q, J=4.5 Hz, 1H), 2.19 — 2.13 (m, 2H), 1.74 (s, 3H). *C NMR (125 MHz, CDCl;) § *C NMR (125
MHz, CDCl3) & 174.0, 139.3, 128.6, 128.1, 126.0, 119.6, 107.4, 79.9, 53.6, 46.6, 42.2, 36.3, 26.1. IR (neat,
cm™): v=2918, 2026, 2010, 1782, 1174, 1102, 1005, 944, 886, 701. HRMS (ESI): m/z 261.1121 calc. for
Ci5H704" [M+H]", found 261.1119.
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Part 2. X-Ray structure and analysis data.

Figure S1.  X-ray Structure of 16a

A colorless plate shaped crystal of 16a for X-ray diffraction was obtained by slow evaporation of a
Hexanes/EtOAc solution of 16a. The data were collected at 150(2) K on a Bruker AXS D8 Quest CMOS
diffractometer with Mo sealed tube and curved triumph monochromator with a 10 cm x 10 cm Photon-100
detector and fixed chi angle. The supplementary crystallographic data was deposited in The Cambridge
Crystallographic Data Centre. CCDC1997763.

X-ray analysis data:

Bond precision: C-C = 0.0022 A Wavelength=1.54178
Cell: a=11.8558(4) b=13.1276(4) c=7.1585(2)
alpha=90 beta=101.6907(10) gamma=90

Temperature: 150 K Calculated Reported

Volume 1091.02(6) 1091.02(6)

Space group P 21/c P 21/c

Hall group -P 2ybc -P 2ybc

Moiety formula C13 H14 O3 ?

Sum formula C13 H14 O3 C13 H14 O3

Mr 218.24 218.24
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Dx,g cm-3 1.329 1.329

744

Mu (mm-1) 0.766 0.766

F000 464.0 464.0

F000' 465.48

hk,lmax 14,16,8 14,16,8

Nref 2154 2113

Tmin, Tmax 0.752,0.948 0.510,0.754

Tmin' 0.708

Correction method= # Reported T Limits: Tmin=0.510
Tmax=0.754 AbsCorr = MULTI-SCAN

Data completeness= 0.981 Theta(max)= 72.204
R(reflections)= 0.0516( 1968) wR2(reflections)= 0.1600( 2113)
S =1.107 Npar= 147
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Figure S2.  X-ray Structure of 32

A colorless plate shaped crystal of 32 for X-ray diffraction was obtained by slow evaporation of a isopropyl
alcohol/EtOAc solution of 32. The data were collected at 150(2) K on a Bruker AXS D8 Quest CMOS
diffractometer with Mo sealed tube and curved triumph monochromator with a 10 cm x 10 cm Photon-100
detector and fixed chi angle. The supplementary crystallographic data was deposited in The Cambridge
Crystallographic Data Centre. CCDC 2016932.

Bond precision: C-C = 0.0048 A Wavelength=1.54178
Cell: a=10.1739(3) b=10.3086(3) c=11.0993(3)
alpha=90 beta=95.0877(14) gamma=90
Temperature: 150 K

Calculated Reported

Volume 1159.49(6) 1159.49(11)
Space group P21 P21
Hall group P2yb P2yb

Moiety formula C27 H23 Br O5 ?
Sum formula C27 H23 Br O5 C27 H23 Br O5

Mr 507.35  507.36
Dx,g cm-3 1.453 1.453
Z 2 2
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Mu (mm-1) 2.719 2.719

F000 520.0 520.0

F000' 520.06

h,k,Imax 12,13,14 12,13,14
Nref 5037[ 2662] 4768
Tmin, Tmax 0.710, 0.897 0.624, 0.754
Tmin' 0.568

Correction method=# Reported T Limits: Tmin=0.624 Tmax=0.754
AbsCorr = MULTI-SCAN

Data completeness= 1.79/0.95  Theta(max)= 79.688
R(reflections)= 0.0268( 4561) wR2(reflections)= 0.0627( 4768)

S =1.062 Npar= 299

Reference:

1. Quan, L. G.; Kim, S.-H.; Lee, J. C.; Cha, J. K. Diastereoselective Synthesis of trans-1,2-

Dialkylcyclopropanols by the Kulinkovich Hydroxycyclopropanation of Homoallylic Alcohols. Angew.

Chem. Int. Ed. 2002, 41, 2160-2162.

2. Sun, H.; Roush, W. S.; Hughes, D. Synthesis of (+)-B-Allyldiisopinocampheylborane and its Reaction

with Aldehydes. Org. Synth. 2011, 88, 87-101.

3. Lohse-Fraefel, N.; Carreira, E. M. Polyketide Building Blocks via Diastereoselective Nitrile Oxide

Cycloadditions with Homoallylic Alcohols and Monoprotected Homoallylic Diols. Chem. Eur. J. 2009, 15,

12065-12081.

4. Ueda, Y.; Abe, H.; Iguchi, K.; Ito, H. Synthetic Study of Yonarolide: Stereoselective Construction of the

Tricyclic Core. Tetrahedron Lett. 2011, 52, 3379-3381.
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Part 3. 'H, 1*C, and ’F NMR spectra

0987
898'T

206’y
1160
€16
1260

6vTL
SSTL
097,
197t
wure
6LTL
v8TL
8EEL
YSEL
19€°L
99€°L
L6€L

OH

Me"
OH

'H NMR (500 MHz, CDClj)

F00T
60

=ore

80T

0T

00T

=60'T
Frov

115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)

12.0

66661~
s8z0z "

09£'57—

SLb'LE—

£LbbS —

985EL~_
506'9L
09T'LL

o

598'S2T ~_
ooe T —
weger

T9THbT —

OH

Me"*

OH

13C NMR (125 MHz, CDCl5)

110
f1 (ppm)

T
120

210

S37



£V 0
b0
Sb'0
9’0
&40
8v'0
8v'0
6’0
6v'0
050
150
150

£5°0
850
650
090

9E' T
68T
061
167
[
61
E6'T
be'T
S6'T
ST
9T
aZe
8T
(T4
0E'Z

66'b
o mW.
106
9z ¢
13 L
SE'L
SE' {1
9E' ¢
9€' £
€ £
£ £
£
bb i
b i
b4
S’ £~
9’ ¢
9 ¢
o ¢
& e
65 £
65 ¢
65 ¢}
09°¢
09 ¢
09'¢
19 ]
19¢]
19 @
29¢

s

OH

Me\l\

Ph

OH

"H NMR (500 MHz, CDCl;)

—

voz
660

F-8EE

Eop'r

F-8€'1

oot

507
veE
Esry

T

T

-1

1.0 05 00 -05 -1.0

1.5

85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

9.0

2.0 11.5 11.0 10.5 10.0 95

56°61
e
ELST—

BT éE—

bbbS—

Sb'EL
mm.@m”

8T LL

OH

Me

Ph

13C NMR (125 MHz, CDCl;)

OH

40

70

1 (ppm)

S38



GE'D
oy’ o
or' o
op' o
wo
wo
o
50
£5°0
bSO
S0
0E'T
08’1
187
[4:0%
[4:8
€81
8T
S8'T
81'Z
81T
61T

e
we
SE'T

80 E—

98P
8
L8P
£8P
88'%

ST &
e
e
faws
VN.N\-
9L

T 1
-1

-1.0

T T
0.0 -0.5

0.5

1.0

1.5

T

T

25 20

3.0

T

3.5

T

T
4.0

4.5

T

5.0

T
5.5
f1 (ppm)

T
65 6.0

T

T

7.0

7.5

T

8.0

T
8.5

Me

T
9.0

2.0 11.5 11.0 10.5 10.0 9.5

OH

T

Me*
OH
H NMR (500 MHz, CDCl3)

58°61
20 )
e

89'5z"

LETLE—
EEPS—

Nv.mm./.

18°9¢
ac.mnv
TELL

0£8521—
16821

£879ET—
S0 TPT—

10

20

30

40

50

60

70

100 90 80
S39

110
f1 (ppm)

120

OH
OH
Me
200 190 180 170 160 150 140 130

Me*"
13C NMR (125 MHz, CDCl5)

210

0



OH

Me*

OH

F

H NMR (500 MHz, CDClI,)

L

M

Fset

o0t

F96°C

01

FEeot

(44
E6°0

oot

Fsoz

=661

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -0.5 -1.0 -1

9.0

L0 11.5 11.0 10.5 10.0 95

66T
T0°0C v

6S°SC —

6£'LE —

TEPS —

TSTUN
0892

90° 2L~
1€’

pm)

S8 PIT~,
a
— 20STT
pul

TTLen
8CLTT v
9L°6€T >

8L'6ET

T6°09T —
98°29T —

OH

Me*"

OH

13C NMR (125 MHz, CDCl;)

-
-

110
f1 (ppm)

T
210 200

T
220

5S40



OH

Me'"*
OH

19F NMR (471 MHz, CDCl,)

-116.75

T T T T T T
-10 -20 -30 -40 -50 -60

T
-70

T
-80

T
-90

T
-100

T
-110

f1 (ppm)

541

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-220



[T
0E'0
0E'0
1€0
T€0

“

OTs

OH

OH
H NMR (500 MHz, CDCl3)

MeY

Fo

07
o017
0

1t
0T
FEre

o007

Fe61
Feev

Fset

T T T T
90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 1.5 1.0 05 00 -0.5 -1.0 -1
f1 (ppm)

2.0 11.5 11.0 10.5 10.0 9.5

6'61
va.oNW
ELTT

19'57

8T iE—

WHsS—

om.mn./
08'9¢
S0°LL

10

20

30

40

50

60

70

18748

[ R4S
6891

Nnuzuw
84621
SEZET—

IV EPT—
T ShT—
05 8bT—

100 90 80
542

110
f1 (ppm)

120

OH
OTs
190 180 170 160 150 140 130

Me"

OH
13C NMR (125 MHz, CDCl5)
210 200

220



beED
PED
SE'D
SE'D
LED
o
wo
£V
150
(400
ESD
S0
ET
e
e
E0E
voe
S0°¢
90z
e
&4e
8’z
[12x4
05'Z
152
(444
&e
00°E

LR A U 22 R a2 3 S

9s
R.mv
84S
9L
b £
05°&
15¢
165°¢
15¢
(404
34
EG°L
S &
(T4
9L
844
08¢
88'&
88'¢
684
06'&
po8
508

O‘

H
H NMR (500 MHz, CDCl3)

(e}

>
OH

Me

e d Ih

907
mMaJ
[
E0E

o1

7.2:

801
660

Foot

Froe
00¢
201

£ £60

T T T T T

2.0 11.5 11.0 10.5 10.0 95

1.0 05 0.0 -05 -1.0

1.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

9.0

80°0Z
_mdNN
EL'ST—

86'GE—

0S'PS—

80°0&—
L9E

BT LL

Tezer
LVELT

ETSTT
95 mm«w
E0°9ZT

S&dan

56821
L6621
E.mﬂ\

TP 6ET

¢
>
Me
NS
13C NMR (125 MHz, CDCl,)

200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

20

543



8650
8v5'0
L5850
£95°0
W6'T
0561
T196'T
06’1
0861
0661
000z
0EET

9WET
8SE'T
L9€°CT

SLET
618'C s

¥9€°0
£LE°0
$8E'0
T6€°0
€0v'0
1150
614°0
626°0
b0 &

£LTS
::.mW.
68T'S

812
€0T°L
s1TL
T€TL
fizara
09z°2
L0€°L
bTe'L
6EEL
9S'L
195°L
1SL°L
89L°L
€00'8
6108

e XX

OH

N

|

Me"

OH

\

Ts

TH NMR (500 MHz, CDCl5)

Fe61
F56'0

FL0E

115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

12.0

TIT0T
90+¥°0T W

689'TC
0€6'57 =

TYE'SE —

$99°b5 —

L —

906'9L N

6STLL
Yiv'LiL 7

2E0PIT AN
wr ozt

060°€ZT /
60E°ETT /
096'bZT

150921 V
156'921 —
rzr8er =
sge6er
PTPSET ~N
€92'5€T

290°SbT —

OH

N

|

Me

OH

\

Ts

13C NMR (125 MHz, CDCl5)

(e L

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220

S44



TEET
EEET
168'T
668'T
606'T
16T
676'T

(a4
(7244
182°C
60T
1067
01£'T \‘

v6L'T

cevy
6T6°0
B
8E4°0
obt'0
L6670
6b6°0
1950
045°0
s
1850
685°0
1650
665°0
1090
209°0
609°0
829'0

bLT9
97’9
8LT'9
1829
7879
¥8T'9

9WE9
6bE'9
2869

95€'9
09T°L

SLEL
e
6LEL
08€°L

€L8'
S8
788
v88'y
988't
€68
S68'%

OH

(o)

/

|

Me*"

OH

TH NMR (500 MHz, CDCl5)

s

=801
Fore

=17¢

Fert

FErT

00T

=001
=860

=001

0.5 00 -0.5 -1.0

1.0

115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15
1 (ppm)

12.0

L0027~
190z

18'57 —

Tove —

89'¥S —

0089 —

16'9L
9T'LL W
7

00°90T —

9E'0TT —

8 THT —

LL795T —

OH

0
/

|

Me*

OH

13C NMR (125 MHz, CDCl,)

T T
110 100

1 (ppm)

T
120

T
210

T
220

S45



b0
8vb°0
£56°0
S56°0 1
1090
609°0 1
$19°0
819°0
729°0
TEQ'O0
29€°T
7687
2067
5067
216'T
1267
726'7 z
9267
TE6'T
SE6'T
LE6'T
TH6'T
256’1~
a4
phTT
87T
£52°T
952'7
697°C

Lee
982
800°€

65T'S
89T'S W.

(7%

96’9
8L6'9
646’9
1869
€869
0669
766'9
666'9
aZeL
0€TL
9€TL
6ETL
092,

OH

S

/

|

Me\\\

OH

H NMR (500 MHz, CDCl5)

L

=760
F6'T

=80'€

Fe01

FsotT

F68'T
=160

115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0.5 -1.0
f1 (ppm)

12.0

PET'0Z ~_
s8e'0z <

£08'ST —

LSLLE—

869'vS —

$6T°0L —
906'9L N

19T LL =
Ev.nn\

SPTELT ~
S8T'vZT
608'92T —

PES'BYT —

OH

S

/)

|
13C NMR (125 MHz, CDCl,)

Me*"

OH

10

40

70 50

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
220

S46



-1.

wo
A
w'o 5
EP'O
V0
b0 -
b0
Sb'0
Sb'0 o
St 0 .
850 o1
650
09'0 r
090 i

SE'T— Epoe

98T
FEN

88’1 . et
6817 B

am.iﬁ == 0T

-1.0

-0.5

90°0Z—

0.5 0.0

1.0

EELE—

1.5

Sb'bS—

2.0

161
261
[ 445
NN.& 98'24
we :

e - o0e S.ﬁ/
coed L @G‘QW
v TELL
57
ST L
9T
9z
pred L

2.5

T
3.5 3.0

4.0

4.5

S6'P
am.vv — 00T L
L6'P

5.0

5

port—

5
f1 (ppm)

8T 61T~
81021~

T
6.0

SE'Y
SE'9
9€'9

o
4

66T

68°921—

T
6.5

60°¢
or'e 07
9T i~ — SE6ET~
(EL =200 9 ThT—
8E' &
6E' L
6E' L
W
[A 2
e
b L
£V L

7.0

T
7.5

T
8.0

8.5

9.0

OH

OH
Me""
OH
H NMR (500 MHz, CDCls)
Me**
OH

2.0 11.5 11.0 10.5 10.0 9.5

Ll e
60 50 40 30 20 10

70

80

e
90

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

3C NMR (125 MHz, CDCl5)

210




wu
80°0
8€°0
8€0
6€0
6€0
ov'0
or'0
850
850
650
6S°0
6S°0
680
9€'T
9€'T
SS'T
9S'T
95’1
LS'T
85T
6S'T
09T
9T
€6'T
S6'T
96'T

09°€
w9e
e
$9'€ |

S9'€
59°€
19°€
19
st
9r°€
9L°€ |
9L€ ]
e
e
NN.ML
nn.MA
8¢
8L'€

B e

==

OH

OTBS

Me*

OH

Hm.m
66'0
Fset

M\.mo.m

H NMR (500 MHz, CDCl,)

=96'C
F20'T

FoT
T

Wl

T T T T T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 105 10.0 95 9.0 8.5 7.5 6.5 6.0 5.0 3.5 2.5 1.0

-1.0

-0.5

0.0

0.5

1.5

2.0

3.0

4.0

4.5

5.5
f1 (ppm)

7.0

8.0

6€°S- v

0€°s-

TE8T —
62°0C
50T N.
68'ST
°6'ST N
€0°TE —

96'€S —

2099 —
LY TL L

6L°9L
v0'LL /

6CLL—

OH

OTBS

Me"

OH

13C NMR (125 MHz, CDCl,)

110
f1 (ppm)

210

T
220

548



6200
800
£6€°0 1
6£°0 |
50070 |
91670 |
L14°0
019°0
T29°0
629°0
6£9'0
SEL0
SbL70
86270
S0
850
¥9£°0
99£°0
89£°0
2o
9££°0 -]
78470
5820
560 1
5680 1
obT'T |
€517
8007 ]
€25°T
65T |
We'T g
TssT
95T
045°T
08S'T
sw e
88T
0s8'T ﬁ
198
1981
w8t
088'T
068'T
185°€ |
065°¢ |
€6S°E
66S°€
209°€
T19°e
ve8'e
ze8e
98
She'E
b8
s8¢
T98°€

T

_—

09TL —

Me“‘

OH

H NMR (500 MHz, CDCl5)

E16'0

F00'1

-1.0

0.5

1.5 1.0

2.0

2.5

3.0

3.5

4.0

4.5

5.0

T
6.0

6.5

7.0

7.5

8.5

9.0

9.5

f1 (ppm)

169°b- ~o
S9Tp- ="

8L1°8T —
988'6T ~ -
90€°TT

9L6'ST
19092 7

95€°0€ —

0LLbS —

680°TL ~\_
6TH°SL
9069 /
09T°LL
cvi

Me"

OH

13C NMR (125 MHz, CDCl5)

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

220

549



w
b0
Sb'0
b0
590
99'0
£9'07
08'0
080
1804
280
280
£8'0
£8'0
£6'0~

€1
AN
09'1—
191
2919
£9'1
(738
ze 1
€01
b1
ST

ST

941
LT

E8'T

602
5€'€
€€
g€
ceed

9L

OH

Me

Me

Me*

Me

OH

H NMR (500 MHz, CDClI,)

0T
50T
FET
=95%

== Z0'E
> 2T
ST'T
160

Feor

=007

T

T

T

T

T

T

1.

55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.0
f1 (ppm)

6.0

85 80 75 7.0

9.0

2.0 11.5 11.0 10.5 10.0 95

16 61—
[
065
165
9e'0e"
90'5E—

PSPS—

L899

8T &L
zz' o8

L

WA

=

v o m
MMW C..
N

5 T
=

0

N

T hat
=0
v =
s =z
O

e

20

40

70

80

T
210

T
20

f1 (ppm)

S50



&0
sv'04
S0
£9'07
$9'0
904
5901
890
6907
6904
040
10
1004
1407
20
74

z0

(73]

61
61
1514
1574
(231
251
251
bST
¥ST
691
0et
01
0t
73
et
731
73
(731
861
661
661
661
661
00z
00z
e
e
e
pO'T
90z
e
80C
s1e
are
81z
61T
0ze
0ze
e
e
we
88T
09°€

Nv.ﬁ

L

g

9L

OH

Me'Y

OH
H NMR (500 MHz, CDCl5)

85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5 -1.0 -L
f1 (ppm)

9.0

2.0 11.5 11.0 10.5 10.0 9.5

96" 11—
£0'0Z

oe.awﬂ-
E6'ST—

£5'SE~_
09'¢€
08'¢€

815

60°SL

894
mo.RW
6T &L

OH

Me*

OH
13C NMR (125 MHz, CDCl,)

b

40

70

1 (ppm)

S51



€050
¥16°0
5260 4
2290 1
£69°0 1
590
1590
7120 |
02270 1
v22°0
0££°0
T€L°0
66470
Tv2°0
Sb2°0
Ry
£5L°0

092°0 7

T6€°T
mmw.ﬁw

$99'T
999'7
8/9'T 7
0897 7
889'T
o117
89,7
0LL°T
[ 78
9L£°T
0847 ﬁ
€87

9801 ]
501
6841
64T
€641
1641
664'1
1087
£08'T
908'T
168'T
906'T
926’1
SE6'T
969'C

09z, —

OH

Me\l\

OH

'H NMR (500 MHz, CDClj)

=860
=660
FL60

o0

69
6T

00T

e

115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0.5 -1.0
f1 (ppm)

12.0

819°'0C
9zL 1T M

S85°€T
LSLET A

991°9C 7/

18286 ~_
856'6€ —
[t

1STHS —

906'9L N

09T'2L =
stvrr/

1508 —

OH

Me"

OH

13C NMR (125 MHz, CDCl5)

T T
110 100

f1 (ppm)

T
120

T T
210 200

T
220

S52



8’1
8b'1

[Tt
b1
0s'T
157
(401
ES'T
ST
SS8°1
95’1
95’1
65T
65T
091
197
[4 01
6T
86'T
e
e
09
ETP
PP
9L

OH

OH
"H NMR (500 MHz, CDCl;)

Me'Y

660
(4181
860

0T's
E1'8
07

o007

T T T T T
2.0 11.5 11.0 10.5 10.0 95

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0 -1
f1 (ppm)

9.0

100z
650
bETT~
e
9052
09

80°9E~_
9EBE~_
Lo

T0bS—

S0 ZEnN_

894
ma.mmw
EE L

OH

Me*

OH
13C NMR (125 MHz, CDCl,)

X JNL

20

40

60

70

0

f1 (ppm)

S53



TED
mm.L
PED
19'0
290
£9'01
90
900
209
204
840
8407
6E'TH
6€'14
1
£ 1

e T
T

be'T
vo.ﬂw
96'T
6T

697
e
SLET
8L
98'z
68'Z
443
POE

e
e

e

81

8T

1241
we

€2 ¢4
ST ¢
ST

ST ¢
9z £
£z £
£z £
82 £~
8z ¢
62 ¢}
62 ¢
o€ £
o€ ¢4
o€ £}
TE £

€€ ]
[y
sE¢
sE¢
SE¢
98¢

OH

Ph

Me\l\

Ph

OH
"H NMR (500 MHz, CDCl;)

_ F osor

I 66'0
)

@8
w/\. w1

Ere
901
o'y

|
7

|Hﬂ —IMNAS

85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5 -1.0 -1
f1 (ppm)

9.0

2.0 11.5 11.0 10.5 10.0 9.5

80z
29'0T
66°SZ—
60°8E~—

LE'Sh~
ELWpT

0E'bS—

ESbL
£9¢

o

T
mm,mm.\

9 9zT
9 eﬁ/
[A%:4
Eb'8TT

& omﬁ.\.
b0'LET
6E Nmﬂv

OH

Ph

Me*Y

Ph

OH
13C NMR (125 MHz, CDCl5)

al

T
200

T
210

f1 (ppm)

S54



216
126 W.
TE6'Y

8bT'L
15T°L
09z°L
s9T°L
oL
9L
6LTL
€8T,
8EEL
€5€°L
89€°L
€LEL
9LEL
68€°L
€6£°L

"H NMR (500 MHz, CDCl5)

OH
Me
/\/\““
OH

2660
107
oot
=0z'e
FOES
00T
Fser
it

ot

M\Nm.ﬁ

=TT
oty

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

4.5

11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50
f1 (ppm)

12.0

€0T'YT —

PIT'6T ~=
otver
62877~
26€'57

6607 —

6TELE —
LES'6E —

9,1'85 —

AN
S06°9L
091°LL
viv'LL 7

298'SZT ~_
STE' /2T —
298zt 7~

16T b1 —

OH

Me

WY

OH

13C NMR (125 MHz, CDCl3)

T T
110 100

f1 (ppm)

T
120

T T
210 200

T
220

S55



680°0
65€°0 1
29€°0
690
2LE0
bLE0
18€°0
¥BE0
6000
6150
8260
TEV'0
LE6°0
0vb'0
Lv5'0 7]
6v5°0
£56°0
6560
69+°0 |
6£5°0
6v5°0
8550
8950
606'0
$TET |
9€€°T |
6E'T
S9E'T
s
9697
60T
1201 ]
€ELT
vrLT
90T
w81
60T
0181
sz8'T
206’1
T16'T
126'T
166'T
6'T
156'T
096'T
1612
L0t
917
rzee
97T
STz
(233
£89°€
269
569
YOL'E
9rLE
Tese
TELE
e
[
016'%
616
826
vees ]
9zz'L
87/
o0sz'z ]
sz ]
Tz ]
e ]
1sez |

st

e

o

18€°L H“
96€°L

OH

TBSO,

WY

OH

"H NMR (500 MHz, CDCl5)

o b

=509
01

0T
Aot
=6£'6
EorT
sz
H/NNA
71T
FLO0T

=00'T

=80T
e

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

11,5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

12.0

TS v

017’5~

SLY'8T
886'8T —
oveer
090'97 —
589'67 —

bOY'LE
SSLE >

€€8°LS —

PIOH9 —

PSE'ELN_
9069,
To1T°LL
vivee

068'S2T ~_
£86'9¢1 —
sezger "

TSLPPT —

OH

TBSO,

W\

OH

13C NMR (125 MHz, CDCl,)

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
220

S56



e
2€°0
€670
€50 1
50 1
S5°0
S50 9
S50 1
95°0
9T°T
9T°T 4
9T°T
LT°T A
LTT
8T°T
6T°T
0T'T N
ozt

€97~
$9°T
S9'T
297
897
€1
€1
sc1
91
9L'T
e
1
68'1 4
067 |
16°T

16°T
61
61
€61
€61
¥6'T
v6'T
S6'T
0ze
12T
e
€T
v'T
v'T
stz
ste
9T
9T
06 |
16 |
[

STl
see
ON.&
9L

e
e
87,
87
v
s ]
9es |
e
657,
657,
W
W

OH

Wy

OH

"H NMR (500 MHz, CDCl;)

0T
LY

12.0 11.5 11.0 10.5 10.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

9.0

9.5

8T8~
981"
159
09°92
69'82
08'82 7
eeLe—

819 —

6619 —

b9'EL

ﬁm,wh”
TLL—
WLL

18521 ~_
8z L —
ov'ger

TEPPT —

OH

W\

OH

13C NMR (125 MHz, CDCl,)

90 70

110
f1 (ppm)

210

T
220

S57



YELO
PbL0
€S20
€940
98T
988'T
S68'T
S06'T
ST6'T
ST6'T
SE6'T
90T'T
s1TT
veee
S€TT
Tz
€sTe
0se'C
(2244
(2754
S88'C
€88'C

wsPo
$9¥°0
SLY0
619°0
8290
6£9°0
90
1890
659°0
£99°0
0£9°0
mB.cN

€98 N

[2:3%
zeer

91T'L
€ETL
WTL
€STL
09T,
vLTL
98T°L
T0€°L
pIEL
THEL
9S€°L
TLEL

OH

W\

OH

H NMR (500 MHz, CDCl5)

=201
OTT
=TT

00T

11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 -1.0
f1 (ppm)

12.0

78881~
bE0'6T

681°LE —

LTS —

T05'85 —

TESEL_
L06'9L

A dth i

EW'LL

£8L°STT
159°92T /
£9€°LTT ~%
LTP'8TT

£€25'821 \
YTL6TT
$99'8ET —

60T 'bPT —

OH

WY

OH

13C NMR (125 MHz, CDCl5)

w

i 4l

Al

L)

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220

S58



o
0
w0
w0
' 0
£ 0
€00
660
660
6b' 0
15 04
95 0
4507
85 i
650

651
mm.)
197

291
291
£9'1
(X328
591
981
E.J
a1
81
881
881
687
06T
6T
6T
€67
PET
we
£
(244
ST
9T
8T
60T
087
182
8T
€87
pET
pET
S8
(13
S6'b
96'b
v e
81 £
81
61 ¢
0z ¢
sz ¢
9z L
9T L
@e
@
8T¢
824
62L
62
62
1€
€L
PEL
SEL
SEL
9E L
e
e
8E'£
8€'L
8E'L
6E £

N p—

=

6E &
ov' &

OH

WY

OH
TH NMR (500 MHz, CDClI,)

oot
Mmc.ﬁ
107

nﬂmcg
e
960
960

H\_“_n_.m

80°E
ﬂ\mm.m
S0P

T T T T T T T
9.0 85 80 75 7.0 65

T
12.0 11.5 11.0 10.5 10.0 95

55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5 -1.0 -1.
f1 (ppm)

6.0

80°6T~_
95°61~"

wee”
90 (E—
TN

EB{S—

vm.mm./

9L

8T LL

£9'se1
v mmg../.
EE LT

N
bE8ZT
BE MN—N
bb'8ZT

£S5 TP~
68 EPT-"

OH

w

OH

13C NMR (125 MHz, CDCl5)

40 20

60

70

200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

T
20

S59



acu
9Z'0
9z'0
L0
L0
870
0s°0
15°0
250
w90
+9°0
+9°0
590
99°0
¥8'T
S8'T
98'T
L8'T
88'T
68T
06°T
1T
244
we
€T
vz
STt
96'C —
LE'E
8€'€
8€'€
6€°€
ov'e
ov'e

v6'r
S6'v W.
96’

9L
ZL
8L
67°L
67°L
YELE
9€°L
LEL
(U2
WL
WL

OH

H W

OH

H NMR (500 MHz, CDClI,)

B0t
10T
=101

JIET
0T
6°T

12.0 115

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0 -1
f1 (ppm)

10.5 10.0 9.5 9.0

11.0

wer
9ET

b0 9E—

80'6b—

:.mm./.

6494
mo.nmv
0E'LL

o5z~
SE 21—
oe8e1”

E6'EPT—

OH

H [\

OH

13C NMR (125 MHz, CDCl,)

20

40

50

80 70

90

T
200

T
210

T
120

f1 (ppm)

S60



SE'0
£5'0
bSO
vS'0
S50
550
550
950
950
[
96'0
260
66'0
b
9rT
£t
81’1
oz'r
167

Nqau
Nq_\ﬁ
£6'17

€671
mm—Lﬁ
b6 14

56'7]
S6'T

£6'1
we
€22
vTT
STT
9z 2]
we

[402
mm.vv.
bo'P

ST&
9L
8T &
bEL
SE L
9" &
LEL
oy &
W
[A 20

OH

WY

OH

e
"H NMR (500 MHz, CDCl;)

Me

M

=060
46T
bOE
E0E
Besor

FSTT

o1t

o0t

S EVT
x4
S6'T

T

T

T
12.0 115

90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05 -1.0 -1
f1 (ppm)

9.5

11.0 105 10.0

6Z'81
9€°'81
9'81
FAN

ST'9E~
€€ e

9€'C9—

vm.mn/

16°94
ma.mmv.
Wwid

8LSTT~_
82 21—
zv8zr”

ETVPT—

OH

[

OH

e
13C NMR (125 MHz, CDCl,)

Me

M

1 (ppm)

Se1



ST
ST'T

81’z
81’z
61'Z
L]
60b
(737

9T &
{ae
8T &
8T &
[44
vEL
SE &
SE &
9€° &

7|m
d OH
H NMR (500 MHz, CDCl3)

Me
M

N IR

€60
60
H\m~.~
80E
00
81t
b0l

Fsr1

Fs01

Foot1

2 (60
Brov

T T T
12.0 115 11.0 105 10.0

10 05 00 -05 -1.0

1.5

90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

9.5

[4a:14
[42:14
mm.m~u“
68°CT

S49E—
E0BE—

96°T9—

bS'SL
16°9¢

kLaras
WLl

€451~
€021~
99821~

LV ShT—

Wy

OH

e
13C NMR (125 MHz, CDCl,)

Me

M

f1 (ppm)

562



800
oodw
600
oro
P80
580
mm.o%
80

86'0
660
001
001
101
201
201
1
w2
€71
Vo1
STT
ST'1
91
821
61
6e'T
w1
2w
2w
£v'1
Sv'1
6v'1
151
187
€51
€51
551
891
001
10
101
e
€0
et
3
3
S&T
S&T
o1
901
91
e
81
561
961
61
61
661
661
0z
20z
€0z
o'z
bo'e
o'z
50z
90z
(e

80
9T L

Me**

OH

OH

"H NMR (500 MHz, CDCl5)

=860

Wmﬁ
007
7
800
W.V:
e

m\no.m

T T T T T
2.0 11.5 11.0 10.5 10.0 95 9.0

1.0 05 0.0 -0.5 -1.0

1.5

8.5

1 (ppm)

pra—
o0e'0e
050
15€e—
6952

S0°9€
T 9E
zE6E

EL65—

LTALTA

89
m_u.nmw
6T 4L

Me“‘

OH

OH

13C NMR (125 MHz, CDCl,)

L

20

40

60

70

80

f1 (ppm)

S63



£90°0
LL0°0
6£0°0

0600

£28°0
bER'D
€480
580
9560
0£6'0
960
¥86'0
066'0
8660
$00'T
6521
0921
v9Z7'T ]
e
orz1 ]
87T
9871
682'T
62T
60T
YOE'T
oT€'T
zIeT
sze'T
T
TEV'T
8EP'T
[
StbT
ST
£5b°T
95b'T
(s
8961
ST
SbS'T
55T
SSS'T
8551
€951
1951
6951
us't
bLST
6/5T
1681
209'T
S09'T
609'T
€197
8197
6197
829'T
YEQ'T
7991
(73
2891
¥89'T
¥69'T
SoL'T
8941
et
oLt
8T
¥8LT
98T
6841
€647
66L'T
2081
S08'T
0972

MeM"

OH

OH

H NMR (500 MHz, CDCl5)

201
Feot

T
H\.¢o.v
et
605
oz

0T

115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)

12.0

16£°07
029°07

L68'ET
ST6'€T >
7

8€°ST
500°97 \

Y18°6€
9¥6'6E W
0vS'Th

608'SS —

£06'9L
N W
vIvLL

$S5°78 —

Me"

OH

OH

'H NMR (500 MHz, CDClj)

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
220

S64



500
oo.ov
900
00
180
[4:00)
mw.cw
P80

b0
56'0
96'0
£6'0°)
2607
a1
811
0z 1
1w
428
€1
€1
€21
vTT
vz 1
ST
9z'T
971
9z'1
@
@
8z'1
621
€67
SE'T
9E'T
9€'T
9€'T
LE'T
8E'T
8E'T
6E'T
o'l
[
W
W'l
b1
b1
b T
b1
9T
9T
W
8T
8’1
051
051
157
157
[433
433
ES'T
bS'T
SS'T
55T
951
51
51
851
09’1

9T &

Me*"

OH

OH

"H NMR (500 MHz, CDCl;)

60

T

T T T T T T T
9.0 85 8.0

2.0 11.5 11.0 10.5 10.0 95

1.0 05 0.0 -05 -1.0

1.5

70 65 6.0 55 50 45 40 35 3.0 25 20
f1 (ppm)

7.5

b9 6s—

EE T

6494
va.nmw
0E &

Me'Y

OH

OH

13C NMR (125 MHz, CDCl5)

T r T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
210

T
20

S65



500
900
900
900
o
o
80°0
600
280
280
€80
€80
v80
v80
580
580
60
860
660
00’7
007
201
11
a
9z
97’1
@y
8z'1
671
9’7
6E'T
821
08’7
08’7
87
23
1731
(T3
€8l
A
€87
ve1
(T3
581
81
88T
88’1
88’1
687
681
687
o6 1ff
067

167
161
167
[
731
€67
€67
ve'1
be'T
567
89'p
69°p
69'b
s
sk
725
1ok
€k
9z ¢
9L
@we
8z ¢
8T ¢
€ee
el
vEL
sE¢

ce s

Ph

Me

OH

OH
H NMR (500 MHz, CDCl3)

160

qu

£60 -
x4
00'E

W 0o

Foot

Fros

T T T T T T
9.0 85 8.0

12.0 11.5 11.0 10.5 10.0 9.5

-0.5 -1.0 -1.

0.0

70 65 6.0 55 50 45 40 35 3.0 25 20 15 10 05
f1 (ppm)

7.5

e
mN.DNW.
80T

TE'ST
SE'ST
Ng.mu\-
1792

68°8€E
£6°8E

55°55
99°SS

EVL
LEbE

6£°9¢
ea.mmw
[TAres

48521
E6'STT
09z

S.E\.
15821

TEPPT
SEbbT

Ph

Me*

OH
13C NMR (125 MHz, CDCl,)

OH

20

70

200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
210

T
20

S66



b0
o
o
w0
' 07
€407
€07
901
0
86" 0
6" 0
60
0507
150
1504
50
9504
nmau
850
65 07
6€'1
661
b1
W
W
W
[
[
9t
731
73
06T
167
6T
£6'T
PET
e
we
€T
vZT
STT
9T
E0E
69°E
00E
743
10E
e
€CE
ECE
(243
SCE
96'b
L6b
86'%
sz ¢
sz ]
9z ¢]
9z &
@
82
82
[
PEL
bEL
SEL
9E £
e
e
(e
8E'L
8E'£
BE £

BE'L

OH

HO

Wy

OH

'H NMR (500 MHz, CDCl;)

860
107
M/no;

Epet

By,
bTE
Ryt
9t

Fore

Foot

F-esv

T T T T T T
2.0 11.5 11.0 10.5 10.0 95 9.0 85 8.

70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5 -1.0 -1
f1 (ppm)

7.5

00'6T~
261
8E'67—

PO'LE
LLE

9LES—

0Z'E9—

ov.mm./.

L89E

8L

£9'S2T~_
61 21—
e

90T

OH

HO

wW

OH

13C NMR (125 MHz, CDCl5)

20

40

60

f1 (ppm)

S67



817
£1'Zq
ST'E
STz
91z
9Tz
81'Z
0z
172
122
[ 142
ST 27
85'C
09'z
29T
£9'C
voz
59'Z
66/
66'27)

om,m%
00°€

00'¢
10°€
1oed
(N3
z0'e]
POE
SO'E

PIS
SIS
wﬂ.mw
FA8

9z¢
;.L
Am.m.A
[
[
2 o
[
€€
€6 ¢
bE ]
e ¢
s€ ]
s ¢
e ¢
9 ¢
9e ¢}
9g ]
8ec)

p——

In

"H NMR (500 MHz, CDCl,)

=re
Fare
807

Evoe

Foot

E8zs

T

1.0 05 00 -05 -1

1.5

3.0 25 20

3.5

80 75 7.0 65 6.0 55 50 45 4.0
f1 (ppm)

8.5

9.0

L0 11.5 11.0 10.5 10.0 9.5

SEPT—

199

16T~
2'ep—

894
mo.mmv
SE'LL

nu.aa.\.

ST LT

96'SZTI~_
€281
emdwﬂv

0Z6ET—

PEPLT—

H

13C NMR (125 MHz, CDCl,)

oo

60

T
210

20

f1 (ppm)

568



92 £
9z¢
9 {1
€ 1
€ ¢
b £
s
o £
£ £
£ £
b £
Sb' ¢
9b' ¢
5 ¢
5 ¢4
5 4
85 ¢4
85 ¢}
65 ¢
65'¢
65 ¢
09 ¢
09'¢

0z's
126
s
ET'S

S r—

1o

H

()

Ph

(0]

)
(=

o)

"H NMR (500 MHz, CDCl5)

S0E

bo'T
i

01

Fo0z

Foo01

201
vOb
g0y

.0 11.5 11.0 10.5 10.0 9.5

1.0 05 0.0 -0.5 -1.(

1.5

55 50 45 40 35 3.0 25 20
f1 (ppm)

70 65 6.0

85 80 75

9.0

BEPT—

59'98—
BT
Eb—

8L'9¢
vo.nmv
6T LL

50°08

ETLIT—

Sb'9zT
[AarTat
LE7 48T
9 Lzt

8821
PIBET~.
L9 0PI~
9z w1

SEPET—

T

Ph

(0]

(]
n>

0O

13C NMR (125 MHz, CDClI,)

|

40

70

T
210

T
220

f1 (pom)

S69



e

e
81é
we
ETL
ETL
STE
9T L

H

Me

"H NMR (500 MHz, CDCl5)

L

|

Are

S0'1
“ma._
F-gee
w\mo.—

Fore

oot

8Ty

T T T T

T

L0 11.5 11.0 10.5 10.0 9.5

r

1.0 05 0.0 -05 -1

1.5

85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 2.0
f1 (ppm)

9.0

8rte—
BEPI—

S9'9e—

98°Tb~_
rEp—

08'94
ma.nmv

0E'LL
-ém.\

mar—

66'SZT—
9T eI —

01" 9ET—~
90°8ET—

S8pLT—

™
r

H

Me

13C NMR (125 MHz, CDCl5)

v

40

70

80

120

T T
210 200

T
220

f1 (ppm)

S70



L
7Ty
v1'T
b7
ST
ST'Z Y
91T
11T
11T
L1

T2
81T Jﬁ
61
6177
09T
0o'cF
9T \
€92

667

6677

00°€ |

10¢ 4
10°€
10°€
€0°€
€0°€
s0°€ 4
soed

s
€T's
YIS

ST'S

€0°L
€0°L
v0'L
v0'L
S0°¢L
90°L
90°L
9L %
6L
0€'L
0€'L
€L
[AwA
[AwA

Me

'H NMR (500 MHz, CDCl,)

LU

e

Fare

Froz

oot

Fe6'T
F60C

T T

T

12.0 11.5 11.0 10.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

9.0

10.0 9.5

YEYT —

859€

mm.:w/
Ob' € ~

mn.on/

YO LL—
om.nn“
09'6Z

EP'STT
09°STT W
L6'9TT

1L
8L7LTT v

06'PET —

65 T9T —
9S°€9T —

69'VLT —

Me

13C NMR (125 MHz, CDCl,)

30

50

90

110
f1 (ppm)

T
210

T
220

S71



-115.04

Me

19F NMR (471 MHz, CDCl;)

T T T T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
f1 (ppm)

S72



e
e
e
€1z
1z
£z
pr'E
prE
15
br'T
952
852
852
092
1929
1924
292
€97
96'2-)
2624
862
86'2
862
662~
66'27)

6627}
00°€
00°¢-]
10
z0ed
poed
60'S
or's
or's
s
96'9
,;.L
697
86'91
vz o
v £
5z ¢
Sz £
9z £
0€ £
0€ £
0E" &
TE £
TE

1e¢”
89°¢
69 &
0ss
00 s
1oL

T

OTs

H NMR (500 MHz, CDCl5)

L

-10€
Bz
6T
601

Fsoz

o071

ooz
60T
F66T

Foer

T

T

1.0 05 00 -05 -1

1.5

3.0 25 20

3.5

85 80 75 70 65 6.0 55 50 45 4.0
f1 (ppm)

9.0

L0 11.5 11.0 10.5 10.0 9.5

b
8TbT—

1698
mm.:../.
9E'EP—

08'94
aa.mmv
1€

Nv.mn.\.

S6°91T—
95 NNT/.

[ rias

ﬂm.mwﬂy
EBBZT~T
0EZET—~—
1T 8E1T—
b SbT—
6T 6T —

85 bLT—

I

OTs

13C NMR (125 MHz, CDCl,)

T
120

T
150

T
160

T
200

T
210

20

40

70

80

130 110 100
f1 (ppm)

T
140

T T
180 170

T
190

r
2

S73



am.:
e
£'7]
8€'71
8E'7
877
6E'T
667
662
b 2
692
S.L
T2y
(74
€47
vee
b
9474
9¢'2
€0'e4
voed
(33
ma,m“
S0€
90°¢]
90'€
e
e
e
60E
e

£8'S
68 mv
06'S
9T
9L
Firs
&
(12
b &

S T

e

B+
15¢
15
[0
[0
€5 ¢4
s 24
s £
s ¢
55 ¢
95'¢
29 ¢]
29¢
29¢
b9 L
bo'L
b9 L
8¢
€8¢
8¢
8¢
68'¢
68'¢
b6 L
b L
bo' L
96'¢
962

Me

"H NMR (500 MHz, CDCl,)

=00e

ooz
Frot

Feoz

o001

Tom..m
Tmm.m

1.0 05 0.0 -05 -1

1.5

85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20
f1 (ppm)

9.0

L0 11.5 11.0 10.5 10.0 9.5

bTrT—

68'9E—
99°0b~—
b 'Eb—

9

8TLL
STLL

9011

Nm.N:./.
mo,m:/
BE'SZT

Nm,mg”/

6E 9T
29821
3.«5\.
0b'0ET
ELEET
68'PET

0&peiT—

Me

13C NMR (125 MHz, CDClI,)

20

40

60

70

T T
160 150

T
170

f1 (ppm)

S74



0
S
=
L
=i

Me

H NMR (500 MHz, CDCl,)

e

0T
=0TE
bt
01

00T

296T
Bge1
002
160

T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

T T
11.5 11.0 10.5 10.0 95 9.0

T
12.0

651 —
ErT—

e9E—
(AN T
62 Eb—

ET'P n/.

£898

8TLL

8P bLT—

Me

13C NMR (125 MHz, CDCI,)

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 S0 40 30 20 10
f1 (ppm)

210

S75



e
w0z
w0z
€0z
€07
vO'T
vO'T
50T
50'71
5T
57
4571
8571
6571
092
092
1924
rozfl
2924
292
Na.Tﬁ
92
voz’/
96'2—
96’27}
86'27)
86'7
10°e4
106
zoe]

£0'e]
E0°E
vored

s
81'G
o—.mw
0zT's

SE'9
SE'9
SE'9
9€'9
LE'9
LE'Y
LE'9
LE'9
9T

W
[43 NW
w e
w e

"H NMR (500 MHz, CDCl5)

=9T'E

60T

e

Froe

oot

ooz

460

T T T T
0.5 0.0 -05 -1

1.0

1.5

T T T T T T T T
6.0 55 50 45 4.0 35 3.0 25 20

T
6.5

7.0

T T T T T T T
9.0 85 80 75

2.0 11.5 11.0 10.5 10.0 95

—
=
a
a

=

—

i

ETPT—

£5'9E~
i

STEp—

an.mm./

894
mo.mmv
62 LL

80°60T~
o

b 9TT—

8T EPT—

PO IST—

BEPLT—

13C NMR (125 MHz, CDClI,)

40

70

T
200

T
210

f1 (ppm)

576



o1 c
0ze
e
1we
we
we
€z
ET
8E'C
8€'Z
6E'7
6E'71
6€'7
b2
b2
'z
ey
ey
%3 !
ssenf
1924

€9z

162~
86'2]
862
86'2
66'2)

(o)

)
"=

O

H NMR (500 MHz, CDCl,)

=867
Bpo1
07
I

Fe0e

Foot

oz
=260

T T T T T T T
9.0 85 80 75 7.0 6.5

T

L0 11.5 11.0 10.5 10.0 95

45 40 35 30 25 20 15 10 05 00 -05 -

5.0

6.0

f1 (ppm)

9EPT—

p19E
mo.:./.
9E'Eb—~

SE'9L
8L'94

€04
8L

18911—

0£S2T~
891"

orzbT—

WeLT—

13C NMR (125 MHz, CDCl;)

20

40

60

70

1 (ppm)

S77



EIN3

LOE
LOE
FA8)
81's
B1°S
0TS
SE'9
SE'9
9E'9

80"

60"
9z
BE

R

NN

H

"H NMR (500 MHz, CDCl5)

=L0€
Fore
901

Fire

1ot

56T

=867

=80v

-05 -1

0.0

85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05
f1 (ppm)

9.0

.0 11.5 11.0 10.5 10.0 9.5

9EPT—

1998~

88'Tb~_
b~

84794

2l

BZLL
am.on\.

50217

8T LZT—

P 9ET—
boopT—

S9PLT—

H

13C NMR (125 MHz, CDCI,)

20

40

50

70

1 (ppm)

578



9007
68'0
(T3]
(731
(734
91
941
73
841
841
6417
e
:L
133
€2z
€27
v 2o
vz
52 2
522

£77
e’

(124
[12x4
mm,NN
ES'T

€9z
E8'T
veT
vz]
59z
587
99z
poed |
99z
99z
897
062
26z
vo'e
o€
99°€
L9E
e
£rE
veE
o€
9Ty
9zp
@
@
8T b
8T b
8Zh
67
6zh
0g'w

ow,t

A

O

OTBS

(]

Me
"H NMR (500 MHz, CDCl5)

@)

I

=ET'9

=186
FIEE
Eort
m/::

E-g01

H\‘mo.m

ory
507

o001

T

T

T

T

T

T

1.0 05 0.0 -05 -1.0 -1

1.5

85 80 75 70 65 60 55 50 45 4.0 35 3.0 25 20
1 (ppm)

9.0

L0 11.5 11.0 10.5 10.0 95

81—
[N
88'52~

5'pE—
18'9e—

TE'Ep—

12p9—

89
mo.mnv
6T LL

1108

8T

9§ bLT—

n
m
s
O

e
13C NMR (125 MHz, CDClI,)

20

40

T
200

T
210

20

f1 (ppm)

579



16T
(484
[4°82
EBE
bEO'E
bO'E
S6'E
96°E
96°E
LBE
86'E
66'E
00
00"
Toe
TP
(483
9T

H NMR (500 MHz, CDCl,)

M\.mo.m
Fore
Fo0e
Amo.m

811

Fpor
007
660
[41a1

Fre1

T T T T

T

L0 11.5 11.0 10.5 10.0 95

T

1.0 05 0.0 -05

1.5

85 80 75 7.0 65 60 55 50 45 40 35 3.0
1 (ppm)

9.0

P9
om,v.v

20°81~—
L0~
S8'ET—
[T Tau
0L'zE—
weE—

9%’z

§2'89—

6L'9¢

vo'LL
[Taras
&ER—

E9 LT

LEpLT—

13C NMR (125 MHz, CDCI,)

oy

M s

o

i

40

70

80

f1 (ppm)

S80



680
851
65T
65T
09’1
197
197
z9'1
£9'1
61
66
00z
e
e
voz
'z

?.NV
om.m\.
152

s&2
3%
942
733
et
802 ﬁ

—

642
647
08z
88'¢

0621

62
58'€]
8

8]
696

9T é—

'H NMR (500 MHz, CDCl5)

| TS I S I o

—EE'6
660

80°€
For

B-907

E0T
907

=007

L0 11.5 11.0 10.5 10.0 95

1.0 05 00 -05 -1

1.5

40 35 3.0 25 20

5.0 45

5.5
f1 (ppm)

75 7.0 6.5 6.0

8.5 8.0

9.0

0PI~
§6'ST

PBZE~
18ee"
00°2E~

ETEP—

08'9¢4
mo.nmv
1e°4L

bi9g—

BELIT—

E0°SLT—

13C NMR (125 MHz, CDClI,)

PO

.

20

40

70

1 (ppm)

S81



s§'1
95'1
51
;51
(51
51
8511
651
651
651
097
197
197
291
TS\
51
5419
9£17)
901
901
[T
]
841
81
821
601
861
861
00z
00z
e
e
€0
vo'z
bo'z
S0C
S0z
90z
sTT
we
82T
0e'e
bET
9E'T
€£e
e
BE'T
8E'T
6ET
€T
6E'T
o'z
bz
W
W
e
bbz
ob'T
052
5T
5T
[
€8T
€87
b8z
b8z
b8z
582
S8T
S8T
98z
98z
8T
8T
88'C
682

—

H NMR (500 MHz, CDCl5)

1T

61'E
Ry
Fere
M\mﬂ.—
ore
o001

Fsoz

T

T

85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 05 00 -05 -1
1 (ppm)

9.0

2.0 11.5 11.0 10.5 10.0 9.5

66°Z1—

15b2—

99°PE~_
8E'9E~—
vo'ze”
Teer
0b'Eb

08'94
mo.mnv
1e°48

ET'58—

Zar—

SEPLT—

13C NMR (125 MHz, CDClI,)

bl

i)

20

40

70

1 (ppm)

582



651
651
091
091
197
291
2911
€97
£9'1
€411
€01
(738
(738
(738
(738
ST
51
9:1
91
8414
8£1
601
641
081
081
08'1
87
87
[4: 0%
81
€81
€81
baT
beT
beT
S8'1
S8'1
81
S8'1
981
81
81
b6l
561
561
561
96'1
61
61
61
861
0E'T
0E'T
0€'z
€T
1€
4343
334
EET
bE'T
152
152
€52
bS'T
bS'T
S8Z
582
982
982
982
8T
8T
82
82
887

A7

H NMR (500 MHz, CDCl,)

Tore

0Ty
Azo1
007
001

Feoe

L0 11.5 11.0 10.5 10.0 9.5

1.0 05 00 -05 -1

1.5

3.0 25 20

3.5

85 80 75 7.0 65 60 55 50 45 4.0
f1 (ppm)

9.0

9S'ET
wN.VNW
96'bT

E1°LE
mo.mmM
2966~
90°Eb—7

_o.vv\.

8L'9L

BTLL

85'bo——

eaT—

Bb biT—

13C NMR (125 MHz, CDClI,)

20

40

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
210

20

583



Ey
€51
bS'T
bs'1
551
951
514
519
8511
59T
591
991
9914
2914
89T+
891~
691
12
(2%
€22
€22
vz e
sz
922
9z 2
']
St 2]
W'z
e
13
ob' 2]
6b'T
052
6T
08z
18T
[
8T
€8T
€87
b8z
ve'z

3

.

98’z

- Fers
Foes

w/.::

- Fepor F

M\:u.w

T T T T
9.0 85 80 75 7.0

.0 11.5 11.0 10.5 10.0 9.5

"H NMR (500 MHz, CDCl5)

0.0 -0.5 -1

0.5

mv.mN./.
TEhT
ET'ST

1.0

£o'e
A
89'86~
82—
nm.mv.\.

1.5

3.0 25 20

3.5

b8'9¢
oa.mnv
SE'LL

LEg—

55 5.0 45 4.0
1 (ppm)

6.0

L8

6.5

8TbiT—

13C NMR (125 MHz, CDCI,)

20

40

70

f1 (ppm)

S84



W
697
73
734
734
€01
731
731
1€
PE T\
9€'2]
8€'2
6EZ-)
bz
b2
2]
o'
152
152
4347
5T
bS'Z
13
S5T

EEL
EEL
bEL

H NMR (500 MHz, CDCl,)

I

7
=
&
~

T
o
S
o~

001
vorr
e
660
1w
0ot

7 e

Mlaw.n:

T

1.0 05 0.0 -05 -1

1.5

40 35 3.0 25 20

5.5 50 45

f1 (ppm)

6.0

6.5

7.0

7.5

8.5 8.0

9.0

10 11.5 11.0 10.5 10.0 9.5

18ze—

Po'9E—
65°0b~
02'bb~_
6bb—"
16°'8p—

08'9¢

90°LL
1€°¢48

64'68—

95811
[ 743
béazt
[AR:14 4

b18el
[4:3 oﬂ\-
86'0ET
B6L9ET
b6 9ET

0L ELT—

13C NMR (125 MHz, CDClI,)

bttt

20

40

50

60

70

80

20

1 (ppm)

585



852
65T
29z
29z
962
86'C
66'C
e
e
[
€0E
E0E
POE

bO'E [
90°€E
1S
bI'S
ST's
9r's
9z ¢}
6T ¢
0g ]
o€ ¢
1€
TE¢
[
[
EE¢
bEL
bEL
S€'¢
SE'¢
9€'¢
9€'¢
e
e
8€'¢
8€¢

I

Me

H NMR (500 MHz, CDCl,)

FSTE

=81
=S50z

00T
90z

=0T

Fore

Foot

Fars

2.0 11.5 11.0 10.5 10.0 9.5

T

T

1.0 05 0.0 -05 -1

1.5

2.0

2.5

3.0

3.5

4.5 4.0

85 80 75 7.0 65 60 55 50
f1 (ppm)

9.0

01—
0522~
PE'ET
ELTE~
1£°9€

mv.AmV
99°Th~_
1€Tb—

1894
mn.knv
L

o6 L

81 6IT—

66521~
1821
65821

0T BET—

S0°SLT—

I

Me

13C NMR (125 MHz, CDClI,)

v

i s

20

40

70

80

f1 (ppm)

586



900
06'0
vt
bt
S&T
ST

ST
9T ’,

ve o]
vEL

SEL
9E" &
9E" &
9E" &

OTBS

H NMR (500 MHz, CDCl5)

| R O . S OO S S

Foz9

296

602

Fere

Fso1
Fooz

Fsoz

Foot

Firs

1.0 05 0.0 -05 -1.0 -1

1.5

85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20
f1 (ppm)

9.0

2.0 11.5 11.0 10.5 10.0 95

8T G-

SE'81—

2652~
90°£2"
S0'PE—
$9'9E—

LT
wm.va

45729

o

™
Ly

T

S0°LL

ol

L0BIT—

£6'STT~_
[44:141
85'8Z1

9T 6ET—

96'bLT—

OTBS

13C NMR (125 MHz, CDClI,)

70 60 50 40

80

T
210

T
220

1 (ppm)

587



96°1
6T

"H NMR (500 MHz, CDCl,)

Fses
907
ME.N
60°€
Ayre
401

EpoT
poT

Foo1

Foev

T T T T T
12.0 11.5 11.0 10.5 10.0 95

T

20 15 1.0 05 00 -05 -1.0 -1

2.5

9.0

08'ST
m~.o~.\/.|

mo.om.\.

68'9E~
S5°6E—
89'Tb—~
Pobb—"

9L

f1 (ppm)

8T LL
9964

[N 14 S

S0 omﬂ./.

18zt
£5'821

ST 6ET—

bTSLT—

13C NMR (125 MHz, CDCI,)

f1 (ppm)

588



S6'1
461
461
86'T
66T
66T
00z
102
W
w'e
£0'7
vz
b0z
50'Z
0b' 2
T2

b T
Sk T
Sk T
we
6b'Z
15T
506
906
90'€7}
20e)
£0'€
80°€
80'€]
60°€]
60'¢]
60°E
ore
8CE
0E'E
T€E
SE'E

8E'E
SIS
9r's
FA
81's
9z¢
e
FLs
(o
82 £
82 £~)
62 (]
62 ¢
62 ¢
0€' £
o€ ¢
e ]
1]
[
[
€L
€L
e £
bE L
SE¢
SE¢
9€' &
mm.nL
LE L

LEL

'H NMR (500 MHz, CDCl,)

F we

F ez

Foo0r
0T
801

B 001

Evzor

70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -05 -1,
f1 (ppm)

7.5

8.5 8.0

9.0

2.0 11.5 11.0 10.5 10.0 9.5

0£'9E~
16°0p

mm.SV
aer”

08'9&
mc.mmv
1E°48

mm.om.\.

wer—

E.aNT/.

EV LZT~
sz
@m,mﬁ\.
Saﬂ\
szverd,
96'8€T

EBPLT—

U

13C NMR (125 MHz, CDClI,)

PN

o

Jo
e

Lo

L e )

20

40

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
210

T
220

589



"H NMR (500 MHz, CDCl,)

Bgoz
Rare
oot

Feey

Foot

TE€
00s

T T T
2.0 11.5 11.0 10.5 10.0 95

T

30 25 20 15 1.0 05 0.0 -05 -1

3.5

80 75 7.0 65 6.0 55 50 45 4.0
1 (ppm)

8.5

9.0

PN T

£5'9E~_
EE'BE~

bo'TH
nm.va

64798

0E'LL
aa.cmn\

6EBIT—
L6°STT
£zt

6Z'8Z1
Vm,wmﬂw
£9°8ZT

POBET~
LT

EOPLT—

13C NMR (125 MHz, CDClI,)

30

40

60

70

90

T
210

20

f1 (ppm)

S90



0z's

6Z'9
g9
9T
(494
EEL
EEL
EEL
bEL
PEL
SE&
SE&
9€" &
9€'¢
9E" &
LEE
LEL
LEE
BE &

I

O

(Ll

O

H NMR (500 MHz, CDCl5)

=ire

Ep0T

Fo01

=00

=ror

Foot

=108

1.0 05 0.0 -05 -1

1.5

85 80 75 70 65 6.0 55 50 45 40 35 30 25 20
1 (ppm)

9.0

2.0 11.5 11.0 10.5 10.0 9.5

L0°SE—
68'8E~
L Te—

6494

[Tar s
96°64

90°80T—

£6'STT~_
TE82T
£9'821

88'8ET—

6T SLT—

13C NMR (125 MHz, CDClI,)

20

60

70

f1 (ppm)

S91



bu
or't
i
4181
vz
80Z
607
ore
e
e
e
[A%3
e

9z
8271
62T

8571
857
192
297
£6'77
5621
162
667
906+
£0°E|
206
2067
80
80°€
80°€
mo.mu
60°E

60']

ored
orel
[48
ET'S
br'S
br'S
SIS
9L
0 {1
1€
TE £
1€ £
Z€ £
e
7€ £
£€ £
PE N
bE (7
bE £
S€ ¢
S€ ¢
S€ ¢
se ¢
9€" £]
9¢" £
9€' ¢
€ ¢
LEL
mm.l

mm.L

Me/\Me

'H NMR (500 MHz, CDCl5)

E1E9

Rere
T
H\.m_“:

507

Epor

Foot

Fozs

T T T T T T
9.0 85 8.0

L0 11.5 11.0 10.5 10.0 9.5

T

1.0 05 00 -0.5 -1.0 -1.

1.5

70 65 6.0 55 50 45 40 35 3.0 25 20
f1 (ppm)

7.5

98°91
68°97

98'pE~—
96°9€—
b 6E~"
[4: A

[Tk T4
ma&uv

0E'LL
mm.mm\.

15121~

oo.mma/.

Teser
8581

ETBET—

9T SLT—

Me/\Me

13C NMR (125 MHz, CDClI,)

20

40

60

f1 (ppm)

592



aus
80'1
60'7
e
81
081
87
[4:8
€87
8T
e
81z
61'Z
0z'z4

2z

LE'T

LE'T
o'z
2y
0L 2
&
202y
ey
€42
233\
(235
bt
52
sz
743
607
00'¢]
10€]
z0e
o€
E0'E

ST'S
9Ir's
LIS
81'S

mN.ﬁ
(i
8C¢
67 £
€€ 4
€€
PE L
PE i
PE £
bE (—
S ¢
9€ ¢}
9€ ¢/
9€" ¢
9g ¢
e
mm.A
8E¢
8€ 44

Me/\Me

H NMR (500 MHz, CDCl,)

Epo9

Fo0T

Feot
o1

Fsoz
ot

oot

81T
E0b

T

T

T

1.0 05 00 -05 -1.0 -1

1.5

3.0 25 20

45 4.0 35

85 80 75 70 65 6.0 55 50
f1 (ppm)

9.0

L0 11.5 11.0 10.5 10.0 9.5

991
891

TE'SE~
£8'96—
£E°0b—
60T

08°9¢

S0°¢L
TELL
8r'es—

6b TZI~
Na.mwﬂ/.
€621~
09'821-"

S6'0pT—

8TbLT—

H

T

070
Me'

o]
Me
13C NMR (125 MHz, CDCI,)

L

110
f1 (ppm)

T T T T
170 160 150 130

180

190

90

100

120

140

210 200

20

593



b1
051
051
157
157
157
43
431
434
€57
€57
€51
(38
S 1
551
ST
851
85 T~
mm.—\w
65T
657
65T
091

197
197
191
197
91
901
91
8L1
81
08’7
08’7
187
187
31
ve1
(T3
g1
98'7
I3
FEas
61
56T
567
96'1
96T
96T
61
61
61
86T
66T
00z
17
1ze
e
we
we
we
€z
€z
€T
vz
vz
sz
sz
@we
@we
67T
67T
€T
43
sET
SE'T
e
we
vee
9

=0
Me

H NMR (500 MHz, CDCl,)

i

T T T T T
12.0 11.5 11.0 10.5 10.0 95

T

30 25 20 15 1.0 05 0.0 -05 -1.0 -1

3.5

4.0

85 80 75 7.0 65 60 55 5.0
f1 (ppm)

9.0

ETET—

obzE~
w9z
mm.ﬁﬂ
20pE
S.em/
90°¢E
12¢E

€094
8494

6T LL

E££80T—

STPLT—

=0
Me

13C NMR (125 MHz, CDCI,)

20

60

70

T
210

20

f1 (ppm)

594



b1
11281
T
Sk'T
9T
9T
051
057
157
751
(401
51
£5 T
€51
€51
bS T+
(38
5 T
551
mm.T\
951
5T
s
851
mmAL
657
091
097
197
38
9T
591
991
o7
o7
97
9t
94T
9T
LET
173
841
81
841
[T
64T
08’1
081
1A
€87
a1
S8'T
87
881
80
ore
(134
e
e
e
434
we
€T
vz
vZT
(243
STT
ST
9T
9z
9z'T
8¢
622
622
[4%4
EE'T
082
8T
PET
S8'T

9L

Ee)
Me

"H NMR (500 MHz, CDCl5)

109
m:.m
860
96'E
w101
86'0
001

o071

12.0 11.5 11.0 10.5 10.0 9.5

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5 -1.0 -1
f1 (ppm)

9.0

2622
PSR
ave

s9'¢z””
(516
EL19E~_
€67

£87LE
mo.av\.

LL9¢

8T°LL

bo'b8—

L5601

PP

=0
Me

13C NMR (125 MHz, CDClI,)

L4

70 60 50 40

80

T
210

20

f1 (ppm)

595



8TT
621
0e'T
€T
T
[
€€T
vE'T |
pET
SE'T
SET
9€'T
9€T
LET
8€T
8E'T
65T
6E°T
0v'1
W
s 3
o1
€1
LAy
La%
b7 ]
9T
o1
' ]
81
60T
60T
60T
05T
15T
15T
T
25
€51
€51
bST
bST
95T
85T
85°T
65T
09'T
09T
091
19T
123
[
€91
€91
vo'T
$9'T ﬁ
vo'T

ST
99T
91
291
89T
89T
69T
69T
[
1w
wr
8.1
6L°T
08’1
8T
e
e
82T
622
62
622
62
0eT
€€
€T
18T
€87
S8
98
9Tt

'H NMR (500 MHz, CDCl5)

12.0 11.5 11.0 10.5 10.0

90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05 -1.0 -
1 (ppm)

9.5

61T
SE'TT
58'ST~.
86T
wTE—
Nm.mm/
9 LE
9L LE
6E'GE

98
£89¢

8Ll

09'60T—

LEPLT—

13C NMR (125 MHz, CDCI,)

40

60

70

f1 (ppm)

596



51
85T
85T
657
097
€91
bo'1
697
0s1
€1
€t
bt
(738
£
7as
7as
73s
841
8L1~ w
8£1
8417
617
951

66T
66T
90z

80'2]
80°Z]
60'Z
60C
ore
e
[4 %4
bET
PET
SET
e
8E'T
bbz
W'z
8z
8’z
8z
9
60T
08T
€8T
88T
68'C
15
E6'T
(5

6P
09
S&b
S&b
(744
8L
9T &
&aZe
8T &
6T &
[14rs
6T L
(1403
6T &
0E'L
0E' &
0L
0L
1€¢8
1€4
EEL
bEL
vEL
SE' L
9€' ¢
9€' L
9E' &
LEL

£S'P ﬁ

TH NMR (500 MHz, CDCl5)

LA

Ty

8Tv1

1w
W'
(x4
we
bz
o'
ot

0E'T
001

aZe
96

T T T T T

T

12.0 11.5 11.0 10.5 10.0 9.5

45 40 35 3.0 25 20 15 1.0 05 0.0 -05 -1.0 -1

5.0

85 80 75 7.0 65 6.0

9.0

iy

Ep'9T
mn._wNW
ET°LT
0b'0E-7
9E'TE
£9°98—
oo.mm*
29'8€

e\

5494

f1 (ppm)

PO'LL
[TAres

6'90T—
01—

™o

b9'SET
[ a7A

08 éer
ﬂm.mw_w
fA: A

80°TpT
8T 1P

06" ELT~
LA S

13C NMR (125 MHz, CDClI,)

20

40

70

80

f1 (ppm)

597



(4.3}
€87
be'l
be'l
(T3
S8'1
981
e
e
[434
354
pr'T
381
ST'Z
ST
91z
e
e
ey
092
S.L
92
b9z
86'C

oa.L

vLE
bLE
SLE
SLE
9LE
9'E

ST'S
9ar's
FA8)
81'S

9L
1€¢8
(493
[44
EEL
EEL
bE L
bEL
SE &
9€' L
9€' L
LEL
LEL
8E &
8E' L

E0'E
POE
90'E

H NMR (500 MHz, CDCl5)

e
Fizy

=zt

F-s0z

Fo0z

=01

Fezs

T T T T

00 11.5 11.0 10.5 10.0 95

T

-1.

85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0 -0.5 -1.0
f1 (ppm)

9.0

18'9¢—
PIPE~—
55°9€—
0°ep
faN4s

SE'T9—

F7aLTs

8T LL
m—.om\.

0£8IT—

86'SZI~_
TE8eT
(23743

L6 BET—

98 PLT—

13C NMR (125 MHz, CDClI,)

20

40

70

80

T
210

20

1 (ppm)

598



oU U
600
6v°0 |
60
050
050
050
15°0 3
19°0
£9°0 1 k
90

590
99°0 |
0470\

T£0
Nn.c§

R

mn.c%
160
T~
oWt
€L'T
€L'T
vLT
vLT
SLT
06'T
16T
vLE
sLe
9LE
9LE
Le
LLe
s8¢
98’
L8°E
L8°E
88'€
66'E
66'C
00'%
00'%
0%
0%
0%
0%

9TL—

OH

OTBS

“
.

H

MY

e}

o

Hs OH
TH NMR (500 MHz, CDCl5)

C

=16's
00T
F960
660
=868

Rge'z
H\wﬁ.ﬁ
6T

o

907
o7y

12.0 115

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
1 (ppm)

9.0

11.0 10.5 10.0 9.5

om.mvv.

8b'G-

[ZVASNE
78T
€170~
T —
16'57 "

S6'Ty —
0’ 9p —

T9'SS —

8Eb9 ~_
0599 ~
8029~

LL9L

8CTLL

68°0TT —

OTBS

“
“

0]

o8

CH; OH

13C NMR (125 MHz, CDCl,)

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
220

S99



500
moi

880
ov'1q
e

0€'T
8€'T
e
19T
297
€97
€971
$9°Z
1971
69°C 1
€47
bLT
LTy
LT
17e
NN.L

—

e
e
vTe
vTe
sze
9Te
657
19°€ 7
19°€ 7]
S.ﬂ
€€
+o'e |
o€ |
99°¢
19°€
S.ﬂ
69°€
ﬁu.m\;
z6c
z6'¢ ]
33
€6°¢
€6°¢
€6°¢
be'e
be'e
be'E
s6'€
s6°€
S6°E
s6'€
s6°€
%€
96°¢
96°¢
96°¢
L6€
16€
£0p
s0'b
SOt
90t
oz

rT——

OTBS

Me

O

)

/

"H NMR (500 MHz, CDCl;)

=209

=006

H1T

Beot
pore

20'T
001
Reze

M\,vv.w
90T

12.0 115

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
1 (ppm)

9.0

11.0 10.5 10.0 9.5

om.m.v

18°S-

PT8T —
9T'ST >

nn.mN\
€6'6C —

9E'EY
EP'EY W
LTSy

v2'09 —
STPI~.
6509~
£9'89 —

8L°9L

8T LL

€0°'80T —

TELIT —

PE'SLT —

OTBS

Me

0]

)

/

13C NMR (125 MHz, CDCl,)

™

-
A

Ll

Lhis

b

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
220

S$100



oo
ee
< <
S

e

'y
8Tt |
6T
12t ]
]
62t
o€ ]
1€y
9T
bz
b
9 o
9L o
v
8b'L
mv.n%
85
65,
S.NV.
108
108
108
208
208
€08

PO1T
T
0T

CHs
H NMR (500 MHz, CDCl3)

F0T
- Foo't

- Fuet

12.0 115

00 -05 -1.0 -1

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

9.0

11.0 10.5 10.0 95

£L6'0€ —

+9°9€ —

vy —

99y —
§S'6 —

T6'b9 —
S6°L9 —

LL9L

8T LL

86'P1T —

£5°82T ~_
15°621

soeet /.
opeer

8E'99T —

8P PLT —

6€Y0C —

CHj;
13C NMR (125 MHz, CDCl,)

110
f1 (ppm)

210

T
220

5101



64T
ST
ST
9T
&ae
aZe
8T'T
8z'C
0E'T
(4944
EE'T
EE'T
PET
SE'T
SE'T
LE'T

8V E
b E
05°E
05'€E

L/

Me
'H NMR (500 MHz, CDCl;)

F=L0E

Fere

oot

F96'0

ot

o0t

808

T T T T T
9.0 85 8.0

70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05 -1
f1 (ppm)

7.5

L0 115 11.0 10.5 10.0 9.5

19v2—

{5'Eb—

bi8b—

9L

8T LL
mN.ow.\.

LBETT—

fa 748
66" m:M
[4:144
65821

TEBET~_
£56ET

89'89T—

Me
13C NMR (125 MHz, CDCl5)

20

40

50

70

T T
110 100

f1 (ppm)

T
120

5102



b9l
e
2wz
bz
50z
1z
b1z
121
ST
12
91z
ey

FANA\

:,N.AW

[ arae
L8 T~
ae.m\.

[Taa
ﬂw.Nv

mm.N\
L4

9P
f7a4
[Ta3
08’

9T &
8T &
[ 744
0E &
0E &
1€
[494
[494
EEL
bE L
bEL
SE L
SEL
9E" &
9E" &
LEE
LEE

=

Q

= o
o (S]
p 5
Oe =
Iy = o
(=

Z 2

2

o) =
4

o

A

Feoe
107
Boso1
a0t

80¢
.ﬂvm.w

Foot

Frivs

T T
0.5 0.0 -05 -1

1.0

1.5

T T
35 3.0 25 20

T
4.0

4.5

0

5.5
f1 (ppm

T T T T T T T T
9.0 85 80 75 7.0 65 6.0

L0 11.5 11.0 10.5 10.0 9.5

SE'ET~
19%z"

SbréE—
05" Tb~_
LEr—

mm.mm./

6T LE
mo.mm\‘

W 5 001—

11921~
90'82T~
958217

PLBET—

I

Ph

(o}

(0]

)
(=

N
md
13C NMR (125 MHz, CDCl5)

e Al

20

40

90

f1 (ppm)

5103



6S'T
09'1
9T
251
€91
€LT
06'T
61
6T
€61
€61
v6'T
v6'T
S6'T
69T~
ore”
€0°€
€0'E
v0'E
Y0'E
90'E
L0°€

10°'S
'S /.

€0°S —=
¥0'S /7

8t's
8y’
6b'S
6¥'S
YL
sz
ST
9L
9L
9T'L
1L
LTLA
8TL
scLf
87,
67
62
6]
67,
0e's
0e' ]
e ]
16 ]
€L
[
[
L
9L
9€'L
R
LEL
8e'L
8e'L
6L
oL
oL
e
L
WL
B

major diastereomer
H NMR (500 MHz, CDCl5)

2

=T
Byre
0T

00T

6T

F97'9
Al

T T T T T T
11,5 11.0 10.5

T

12.0

9.0

10.0 9.5

f1 (ppm)

sre—

L0°Th~
0£°Eb—"

£6'95—

65T 4~
62'9¢
e

60 4L
se'08~"

LETT—
0E'SZT
86" mmﬂ./
96'£21
szt
(13 mm—w
64821

9L 8ET—
L6 0pT—

9T 91—

c I
o

HOII/
H

Ph

)
"=

tereomer

ias

d
13C NMR (125 MHz, CDCI;)

major

40

50

60

70

f1 (ppm)

5104



-0.5 -1

T
0.0

b1
se1
91
7
81 9be— -
€67
bl
567
561 Rgge
61 .

g 1T
61 201
61 v L
667

69T
0T o LT'S5— -
0L Feot

e

60°E -
or'e =007
ore

e -

T
0.5

1.0

1.5

69 Tp— -
99— -

25 2.0

3.0

:\em/.

L8098 -

3.5

sver oot T
S9E mm.k*
2908

4.0

4.5

S0'S

S0'S

90'5 _ .
{05 Foe1

60°S
ors r

T
5.0

5.5
f1 (ppm)

ST & L
9L
e
8T &
[ TArS
T1€¢
(404
(404 S80
EEL = - M:.m
bE L EOE
8E L
BE &
BE &
W
W
w e
v L

6.0

T
6.5

T

7.0

T T
85 80 75

T
9.0

L0 11.5 11.0 10.5 10.0 9.5

85 941—

minor diastereomer
H NMR (500 MHz, CDCl5)

minor diastereomer
13C NMR (125 MHz, CDCl,)

T

200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)
S105

210




99T
SLT
9U'T
8L°T
6L°T
w0
¥0'T
0T
s0C
90T
90T
0T
60T

ST'E
IT’e
LTE
8T°€
8CT°€
6C°€
6C°€

0€'e

S0'S
90°S

g

S6°L

Br

T

c ITm

o

Ony

T

=
o

[e)

o

(]
s
(o]

TH-NMR (500 MHz, CDClI;)

00
oot
80T

E00°T
5660

860

H/mw.m

€61

m\vmé

12.0 11.5 11.0 10.5

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

9.0

10.0 9.5

80°S¢ —

80y —

YT'sy—

T9vS —

ﬁN.VN/

6479

o

6TLL
08 s

SE'STT —

1821
§6'STT
8€'8CT
E€p'8CT
£5'821

66'9€T
0v'8€T

64'8CT
11621
PTTET
mo.Nmﬁ\

LTHIT —

€9°€LT —

Br

I

o T

o

On,

T

<
o

o

o

[
(=
(o]

13C-NMR (125 MHz, CDCl5)

f1 (ppm)

S106



e
S8'T
81
88'T
68'T
S0z
0T
L0t
80'C
60'C
60T
o1z
e
b7 |
ST'Z |
ST'Z
917 |
11T
11T
81T
92T |
827
827

62T\
€T—
69°C
om.Nv
6
€6’
€6’
v6'E
¥6'E
¥6'E
S6'€
96’
920t
80'v
80'%
60'%
0T’y
1154

1453
IT'sS
LTS
81'S

9L~
mm.NV.

ve'L

H NMR (500 MHz, CDClIj)

S

|

W

=50'€
ZSTT
T
T
FSTT

ot

860
Fso1

T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 70 6.5 6.0 45 4.0 25 20

-1.0

-0.5

0.0

0.5

1.0

1.5

3.0

3.5

5.0

5.5
f1 (ppm)

7.5

8.0

12.0 11.5 11.0 10.5 100 9.5

$107



0 nNo @
S R - wodn  ~ N oo - =
= P RS NI - T = I
g &R 8 snd IS © <
5 SRR B SRR 8 ¢ 9 a I

N N Il [ [

13C NMR (125 MHz, CDCl,)

T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

5108



[494
(493

EEL
bEL
bEL
PEL
bEL
9€' L
9" L
9€' ¢

=

Q

< (=]

o o

T N
I

=

I (=)
o

“/:__ o) o
[14

le) =

4

I

Foze
Epre
901
80'7
90'Z

€07
o'z

Foot

Fas

T
0.0 -0.5 -1.0 -1

T
0.5

)
£
n
ras
o
2

T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 95 9.0 85 80 75 7.0 6.5 6.0

9€'ST—

£6'SE—
E0°Zh—

08P~
0£'8b~"

894

0L
EETLL
mv.cm\.

BESTT—
16811 —

86'521-"
9z 821
85821
zgeer”
66'8ET~

06'941—

13C NMR (125 MHz, CDCl,)

20

40

50

60

70

80

f1 (ppm)

5109



v
S0z
90T
907
80'C
80'C
80°C
or'z
b1'T
sz
sTT
STz
917 1
917 |
1
117
AsE
81°7 |
817
81°7
61
617

[ 34\
(4 x4
€S°T
ST
ST
LLe
8L'C
8L°CT
16°€
we
€6'€
¥6'E
L6'E
L6'E
86'€
66'€

66'%
00°S
10°S
°w0's

16's
se's
9L

WN.L
ey
ey
zL
82°L
mN.TT

TN TN N

82,
87'L
8zL %
62,

e
[
egs ]
€€
e
e
ves ]
seL
e

'H NMR (500 MHz, CDCl;)

=o€

LLT
7T

460
61T

60
80

FoE'S

T T T T T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 105 10.0 9.5 9.0 8.5 7.0 6.5 45 4.0 25 20

T

T

-1.0

-0.5

0.0

0.5

1.0

1.5

3.0

3.5

55 5.0

f1 (ppm)

6.0

7.5

8.0

6Z'ST—
0Z'eEe—
PO'EP—
bS'05—
8'ES—
EL99—

9L

8T LL
W6

b 60T—
PO LT

96521~
SO LT~
ov'sz1”

Y ObT—

13C NMR (125 MHz, CDClI,)

80

90

T
200

T
210

T
220

1 (ppm)

S110



(731
sz
91z
91z
e
81T
81T
[4:%4
€57
S 21
bs'z
s5T
192
192
924
59'2
szl
262
b6 T
562
£0°E
bOTE
b0'E]

s

50'E4
50'€)
50'€]
90°€]
90'¢]
90
B.A
L0E

bO'S
90's
wo.mw-
80°§

19
mu.wv
9T &
0E" &
(493
[493
[493
EEL
EEL
bE L
bEL
bEL
9€° L
9€' &
9€' &

H NMR (500 MHz, CDClI,)

JL IR 171

7.5

FOT'E
10
1
801

=607
=201

00T

160

F9zs

T T T T T T
9.0 85 8.0

L0 11.5 11.0 10.5 10.0 9.5

30 25 20 15 1.0 05 0.0 -0.5 -1.

45 4.0 35

6.0 55 5.0
f1 (ppm)

6.5

7.0

80°9Z—

9z'9e—

ETTh—
19°9p—

E9'ES—

L&

BTELL
am.mn.\.

SbL0T—

S§611—

10921~
I8z~
958217

PEBET—

96 ELT—

Ne
13C NMR (125 MHz, CDCl5)

20

40

50

70

1 (ppm)

S111



