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'H and "C Spectra

General Methods

Infrared (IR) spectra were obtained using a Jasco 260 Plus Fourier transform infrared
spectrometer. Proton and carbon nuclear magnetic resonance spectra ('H NMR and >C NMR)
were recorded on a Bruker model DRX 400 or a Bruker AVANCE III 600 CryoProbe (‘"H NMR
at 400 MHz or 600 MHz and ">C NMR at 151 MHz) spectrometer with solvent resonance as the
internal standard ("H NMR: CDCl; at 7.26 ppm or C¢Ds at 7.16 ppm, >C NMR: CDCl; at 77.0
ppm or C¢Ds at 128.06 ppm). 'H NMR data are reported as follows: chemical shift, multiplicity
(s = singlet, d = doublet, t = triplet, ¢ = quartet, quin = quintet, sxt = sextet, dd = doublet of
doublets, ddd = doublet of doublet of doublets, dt = doublet of triplets, td = triplet of doublets, qd
= quartet of doublets, m = multiplet, br. s. = broad singlet), coupling constants (Hz), and
integration. Mass spectra were obtained using a Thermo LTQ-FT-ICR-MS-7T mass
spectrometer with positive ion electrospray ionization (ESI) or using an Agilent 6850 series gas
chromatography system equipped with an Agilent 5973N mass selective detector. Thin layer
chromatography (TLC) was performed on SiliaPlate 250um thick silica gel plates provided by
Silicycle. Visualization was accomplished with short wave UV light (254 nm), aqueous basic
potassium permanganate solution, or ethanolic acidic p-anisaldehyde solution followed by
heating. Flash chromatography was performed using SiliaFlash P60 silica gel (40-63 pm)
purchased from Silicycle. Tetrahydrofuran, diethyl ether and dichloromethane were dried by
passage through a column of neutral alumina under nitrogen prior to use. Acetone was dried over
potassium carbonate. Ethanol, methanol, and benzene were sparged with argon and dried over
molecular sieves. All other reagents were obtained from commercial sources and used without
further purification unless otherwise noted. The sealed tubes used were purchased from Ace
Glass. Pressure adapters were assembled from Swagelock parts (see photos below).



Compound Preparation

Substrate Preparation

Trans-2-(allyloxy)-3-iodotetrahydro-2H-pyran A3), (E)-N-(2-iodoethyl)-4-methyl-N-(2-
methylbut-2-en-1-yl)benzenesulfonamide  (9),> (iodomethyl)diisopropyl((1-phenylbut-3-en-1-
yl)oxy)silane (13),> and 3-(1-butoxy-2-iodoethoxy)cyclohex-1-ene (19),* were prepared
according to literature procedures. All physical and spectral data were in accordance with
literature data.
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1) Enolate alkylation To a 0 °C solution of iPr,NH (4.6 mL, 33 mmol) in THF (111 mL), n-
BuLi (12.4 mL, 33 mmol, 2.66 M in hexanes) was added dropwise. The reaction was stirred at 0
°C for 10 minutes, then cooled to -78 °C. A solution of methyl 2-(4-methoxyphenyl)acetate (4.8
mL, 30 mmol) in THF (8 mL) was added dropwise and the reaction was stirred for 30 minutes. A
solution of 4-bromobut-1-ene (3.7 mL, 36 mmol) in THF (8 mL) was added, followed by HMPA
(3.13 mL, 18 mmol). The reaction was allowed to warm to room temperature and stirred
overnight. It was then diluted with Et,O and hexanes and washed with NH4Cl and brine. The
combined organic layers were dried over MgSQy, and concentrated in vacuo. Purified by flash
chromatography (20:1 Hex:EtOAc) to provide 4.98 g (71%) of SI-1 as a colorless oil. Analytical
data for SI-1: IR (thin film, cm™) 2950, 2837, 1734, 1641, 1611, 1511, 1438, 1302, 1249, 1160,
1035, 914, 831, 531; 'H NMR (400 MHz, CDCl3) & = 7.22 (dd, J=8.80, 4.65 Hz, 2 H), 6.86 (dd,
J=8.56, 4.65 Hz, 2 H), 5.77 (m, 1 H), 1.80 - 1.91 (m, 1 H), 4.96 - 5.03 (m, 2 H), 3.79 (s, 3 H),
3.65 (s, 3 H), 3.53 (t, J=7.58 Hz, 1 H), 2.07 - 2.20 (m, 1 H), 2.00 (dt, J=7.83, 6.85 Hz, 2 H); "°C



NMR (151 MHz, CDCls) 6 = 174.67, 158.72, 137.57, 130.90, 128.94, 115.34, 113.96, 55.20,
51.90, 49.78, 32.47, 31.42; HRMS (ESI) calculated for [Ci4H,303+Na]" = 257.1148, found =
257.1148.

2) Reduction LiAlH, (1.46 g, 38.4 mmol) was stirred as a suspension in Et,0O (38 mL) at 0 °C.
SI-1 (4.5 g, 19.2 mmol) was added dropwise. The reaction was warmed to room temperature and
stirred overnight. The reaction was then cooled to 0 °C and quenched with H,O (1.5 mL), 10%
NaOH (3.0 mL), and H,O (4.5 mL) and stirred at room temperature for 20 minutes. The solids
were filtered out and the filtrate was concentrated in vacuo. Purified by flash chromatography
(2:1 Hex:EtOAc) to provide 3.48 g (88%) of SI-2 as a white solid. Analytical data for SI-2: IR
(thin film, cm™) 3371, 2930, 1640, 1611, 1511, 1460, 1300, 1247, 1179, 1035, 911, 830, 550; 'H
NMR (400 MHz, CDCls) 6 = 7.13 (dd, J = 4.6, 8.6 Hz, 2 H), 6.88 (dd, /=4.9, 8.6 Hz, 2 H), 5.77
(m, J=6.5,10.4,17.0 Hz, 1 H), 5.02 - 491 (m, 2 H), 3.80 (s, 3 H), 3.77 - 3.64 (m, 2 H), 2.91 -
2.71 (m, 1 H), 1.95 (m, J=6.4,7.6 Hz, 2 H), 1.84 - 1.71 (m, 1 H), 1.71 - 1.50 (m, 2 H), 1.31 (br.
s., 1 H); PC NMR (151 MHz, CDCls) & = 158.38, 138.36, 133.75, 128.98, 114.71, 114.06,
67.54, 55.21, 47.07, 31.32, 31.21; HRMS (ESI) calculated for [Ci3H;30,+Na]" = 229.1199,
found = 229.1199.

3) Iodination A solution of PPh; (6.7 g, 25.4 mmol), imidazole (1.7 g, 25.4 mmol), and I, (6.4 g,
25.4 mmol) was stirred at 0 °C in DCM (64 mL). A solution of SI-2 (3.48 g, 16.9 mmol) in DCM
(42 mL) was added dropwise. The reaction was warmed to room temperature and stirred
overnight. The reaction was quenched with H,O and extracted with DCM (x3). The combined
organic layers were washed with Na;S;0;, dried over MgSO,, and concentrated in vacuo.
Purified by column chromatography (10:1 Hex:EtOAc) to provide 4.87 g (92%) of 1 as a
colorless oil. Analytical data for 1: IR (thin film, cm'l) 3073, 2997, 2929, 2834, 1640, 1610,
1583, 1511, 1457, 1301, 1248, 1177, 1106, 1036, 998, 913, 829, 734, 709, 602, 553; '"H NMR
(400MHz, CDCls) 6 = 7.07 (dd, J = 4.6, 8.8 Hz, 2 H), 6.87 (dd, /= 4.6, 8.6 Hz, 2 H), 5.81 - 5.68
(m, 1 H), 5.08 - 4.92 (m, 2 H), 3.81 (s, 3 H), 3.35 (m, J=2.4, 7.3 Hz, 2 H), 2.82 (m, J= 2.9, 3.9
Hz, 1 H), 2.03 - 1.85 (m, 3 H), 1.78 - 1.62 (m, 1 H); °C NMR (151 MHz, CDCl;) § = 158.47,
137.91, 134.71, 128.33, 115.02, 113.90, 55.19, 46.69, 34.77, 31.58, 14.42; LR GC/MS calculated
for [C13H70I]" = 316.0324, found = 316.
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To a -30 °C solution of butyl vinyl ether (1.48 mL, 11.4 mmol) and 2-methyl-2-propen-1-ol
(0.80 mL, 9.5 mmol) in DCM (9.5 mL), N-iodosuccinimide (2.14 g, 9.5 mmol) was added
portionwise. The reaction was stirred at -30 °C for 4 hours. The reaction was allowed to warm to
room temperature and stirred overnight. It was then diluted with DCM. It was washed with H,O,
NayS»0s, and brine. The combined organic layers were dried over MgSQO,, and concentrated in
vacuo. Purified by flash chromatography (30:1 Hex:EtOAc) to provide 2.07 g (73%) of 7 as a
colorless oil. Analytical data for 7: IR (thin film, cm'l) 2958, 2932, 2870, 1657, 1455, 1342,
1177, 1112, 1036, 901, 605; '"H NMR (400MHz, CDCl3) & = 5.00 (s, 1 H), 4.91 (s, 1 H), 4.64 (t,
J=5.38 Hz, 1 H), 3.91 - 4.07 (m, 2 H), 3.55 - 3.70 (m, 1 H), 3.40 - 3.55 (m, 1 H), 3.24 (d, J=5.62
Hz, 2 H), 1.78 (s, 3 H), 1.52 - 1.64 (m, 2 H), 1.40 (sxt, J=7.43 Hz, 2 H), 0.93 (t, J=7.34 Hz, 3 H);
PC NMR (151 MHz, CDCls) & = 141.52, 112.75, 101.12, 70.23, 66.26, 31.69, 19.70, 19.29,
13.83, 5.21; LR GC/MS calculated for [C1oH90,-1]" = 171.1385, found = 171.

To a -30 °C solution of butyl vinyl ether (1.5 mL, 12 mmol) and cis-3-penten-1-ol (1.02 mL, 10
mmol) in DCM (10 mL), N-iodosuccinimide (2.25 g, 10 mmol) was added portionwise. The
reaction was stirred at -30 °C for 4 hours. The reaction was allowed to warm to room
temperature and then diluted with DCM. It was washed with H,O, Na,S,03, and brine. The
combined organic layers were dried over MgSQy, and concentrated in vacuo. Purified by flash
chromatography (20:1 Hex:EtOAc) to provide 2.98 g (96%) of 11 as a colorless oil. Analytical
data for 11: IR (thin film, cm™) 3747, 3016, 2958, 2870, 2360, 1650, 1459, 1344, 1176, 1111,
1045, 706; "H NMR (600MHz, CDCls) & = 5.62 - 5.48 (m, J = 4.4, 6.8, 6.8, 6.8, 6.8 Hz, 1 H),
547 -537 (m, 1 H), 4.62 (t,J=5.5Hz, 1 H), 3.62 (q, J = 7.6 Hz, 2 H), 3.55 - 3.42 (m, 2 H),
322 (d,J=5.4Hz 2 H),236(q,J=6.8Hz,2 H), 1.69 - 1.54 (m, 5 H), 1.49 - 1.28 (m, 2 H),
0.93 (t, J=7.1 Hz, 3 H); ?C NMR (151 MHz, CDCl3) & = 126.15, 126.07, 101.85, 66.40, 65.91,
31.68, 27.47, 19.29, 13.84, 12.90, 5.33.
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To a -30 °C solution of ethyl vinyl ether (0.82 mL, 8.68 mmol) and 4-vinylhepta-1,6-dien-4-ol’
(1.0 g, 7.24 mmol) in DCM (7.1 mL), N-iodosuccinimide (1.63 g, 7.24 mmol) was added
portionwise. The reaction was stirred at -30 °C for 4 hours. The reaction was allowed to warm to
room temperature, stirred overnight, and then diluted with DCM. It was washed with H,O,
NayS»03, and brine. The combined organic layers were dried over MgSQO,, and concentrated in
vacuo. Purified by flash chromatography (20:1 Hex:EtOAc) to provide 1.44 g (60%) of 15 as a
colorless oil. Analytical data for 15: IR (thin film, cm'l) 3076, 2977, 2931, 1640, 1414, 1096,
1060, 1005, 916; 'H NMR (400MHz, CDCls) & = 5.78 - 5.94 (m, 3 H), 5.20 - 5.32 (m, 2 H), 5.03
- 5.11 (m, 4 H), 4.74 (t, J=5.38 Hz, 1 H), 3.53 (q, J=7.09 Hz, 2 H), 3.14 - 3.28 (m, 2 H), 2.36 -
2.51 (m, 4 H), 1.19 (t, ]=6.97 Hz, 3 H); °C NMR (151 MHz, CDCl;) & = 140.63, 133.57,
133.33, 118.12, 117.96, 116.44, 96.61, 79.61, 60.20, 41.15, 40.54, 15.13, 7.10.
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1) Alkylation To a 0 °C solution of iPr,NH (0.99 mL, 7 mmol) in THF (7 mL), n-BuLi (2.4
mL, 6.3 mmol, 2.66 M in hexanes) was added dropwise. The reaction was cooled to -78 °C and
stirred for 5 minutes. HMPA (1.1 mL, 6.3 mmol) was added and the reaction was stirred for 30
minutes. Methyl cyclopent-1-ene-1-carboxylate (0.61 mL, 5 mmol) was added dropwise and the
reaction was stirred for 10 minutes. tert-butyl(3-iodopropoxy)dimethylsilane® (2.25 g, 7.5 mmol)
was added and the reaction was stirred for 3 hours warming to room temperature. It was then
diluted with Et,0O, quenched with NH4Cl, and extracted with Et,O (x3). The combined organic
layers were dried over MgSQy, and concentrated in vacuo. Purified by flash chromatography
(25:1 Hex:EtOAc) to provide 832 mg (56%) of SI-3 as a yellow oil. Analytical data for SI-3: IR
(thin film, cm™) 2951, 2857, 2360, 1733, 1462, 1387, 1361, 1317, 1253, 1196, 1099, 1030, 836,
776, 725, 662, 511; 'H NMR (400 MHz, CDCl3) § = 5.80 (dt, J=5.62, 2.20 Hz, 1 H), 5.69 (dt,
J=5.75,2.02 Hz, 1 H), 3.67 (s, 3 H), 3.57 (t, J/=6.48 Hz, 2 H), 2.30 - 2.46 (m, 3 H), 1.76 (m,
J=8.56 Hz, 2 H), 1.62 (m, J=12.96 Hz, 1 H), 1.37 - 1.52 (m, 2 H), 0.88 (s, 9 H), 0.03 (s, 6 H); °C
NMR (151 MHz, CDCl3) 6 = 176.92, 133.52, 132.27, 63.28, 59.83, 51.88, 34.84, 32.72, 31.75,



28.71, 25.96, 18.36, -5.26; HRMS (ESI) calculated for [C16H3003Si+Na]" = 321.1857, found =
321.1856.

2) Bromination To a 0 °C solution of SI-3 (832 mg, 2.8 mmol) in DCM (28 mL), PPhs*Br;
(1.4 g, 3.4 mmol) was added. The reaction was stirred, warming to room temperature gradually.
It was then concentrated in vacuo, redissolved in Et,O, and filtered. The filtrate was concentrated
in vacuo. Purified by flash chromatography (20:1 Hex:EtOAc) to provide 424 mg (61%) of SI-4
as a pale orange oil. Analytical data for SI-4: IR (thin film, cm'l) 2949, 2853, 1729, 1435, 1319,
1241, 1163, 1065, 993, 918, 727, 638, 559; '"H NMR (400 MHz, CDCl;) & = 5.84 (dt, J=5.50,
2.26 Hz, 1 H), 5.67 (dt, J=5.62, 1.96 Hz, 1 H), 3.68 (s, 3 H), 3.37 (t, J/=6.11 Hz, 2 H), 2.34 - 2.48
(m, 3 H), 1.72 - 1.88 (m, 5 H), 1.58 (s, 1 H); °C NMR (151 MHz, CDCl;) & = 176.54, 132.99,
132.90, 59.53, 52.04, 37.04, 33.74, 32.80, 31.81, 28.76; LR GC/MS calculated for [C,oH;50,Br —
CO,CH;]" = 187.0122; found = 187.

3) Todination To a solution of SI-4 (424 mg, 1.7 mmol) in acetone (7 mL), Nal (764 mg,
5.1 mmol) was added. 15-crown-5 (165 pL, 0.85 mmol) was added. The reaction was heated to
reflux and stirred overnight. It was then diluted with DCM, washed with Na,S,03, and extracted
with DCM (x3). The combined organic layers were washed with brine, dried over MgSQOy,, and
concentrated in vacuo. Purified by flash chromatography (20:1 Hex:EtOAc) to provide 428 mg
(86%) of 17 as a pale yellow oil. Analytical data for 17: IR (thin film, cm™) 2947, 1728, 1433,
1217, 1162, 727; '"H NMR (400MHz, CDCl3) 8 = 5.83 (dt, J = 2.3, 5.6 Hz, 1 H), 5.67 (dt, J =
2.1,5.6 Hz, 1 H), 3.68 (s, 3 H), 3.14 (t, /= 6.2 Hz, 2 H), 2.47 - 2.34 (m, 3 H), 1.85 - 1.68 (m, 5
H); °C NMR (151 MHz, CDCl3) & = 176.48, 132.99, 132.94, 59.40, 51.99, 39.26, 32.79, 31.75,
29.48; HRMS (APCI) calculated for [C1oH;50,I+H]" = 295.0195, found = 295.0188.
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To a 0 °C solution of chloro(iodomethyl)diisopropylsilane® (937 mg, 3 mmol) and DMAP (18.3
mg, 0.15 mmol) in DCM (10 mL), triethylamine (418 pL, 3 mmol) was added. A solution of
cyclohex-2-en-1-o0l (323 pL, 3.3 mmol) in DCM (5 mL) was added. The reaction was stirred at 0
°C. The reaction was allowed to warm to room temperature, quenched with NH4Cl and then
extracted with DCM (x3). It was washed with brine, dried over MgSQO,, and concentrated in
vacuo. Purified by flash chromatography (hexanes) to provide 675 mg (64%) of 21 as a colorless
oil. Analytical data for 21: IR (thin film, cm'l) 3025, 2939, 2864, 1462, 1388, 1085, 1023, 881,



834, 797, 726; "H NMR (400MHz, CDCls) = 5.82 - 5.68 (m, 2 H), 4.38 (br. s., 1 H), 2.10 (s, 2
H), 2.06 - 1.97 (m, 1 H), 1.97 - 1.75 (m, 3 H), 1.69 - 1.43 (m, 2 H), 1.34 - 1.15 (m, 2 H), 1.09 (t,
J=6.8 Hz, 12 H); °C NMR (151 MHz, CDCl3) & = 130.63, 129.53, 66.98, 32.57, 24.91, 19.38,
17.72, 17.70, 17.43, 12.45, 12.43; LR GC/MS calculated for [C 3HxsOSil]" = 352.0719, found =
352.

23

To a -30 °C solution of ethyl vinyl ether (0.75 mL, 7.9 mmol) and (1S,5S)-2-methyl-5-(prop-1-
en-2-yl)cyclohex-2-en-1-ol)’ (1.0 g, 6.6 mmol) in DCM (6.6 mL), N-iodosuccinimide (1.48 g,
6.6 mmol) was added portionwise. The reaction was stirred at -30 °C for 4 hours and allowed to
warm to room temperature overnight. It was then diluted with DCM. It was washed with H,O,
NayS»0s, and brine. The combined organic layers were dried over MgSQO,, and concentrated in
vacuo. Purified by flash chromatography (25:1 Hex:EtOAc) to provide 2.02 g (87%) of 23 as a
colorless oil. Analytical data for 23: IR (thin film, cm'l) 3078, 2972, 2918, 1644, 1450, 1373,
1323, 1179, 1103, 1029, 924, 889, 810, 609, 539; "H NMR (600 MHz, CDCl3) & ppm 5.66 (d,
J=19.44 Hz, 1 H) 5.53 (d, J=14.31 Hz, 1 H) 4.69 - 4.81 (m, 3 H) 4.06 - 4.27 (m, 1 H) 3.56 - 3.70
(m,2 H)3.19-3.29 (m, 2 H) 2.14 - 2.25 (m, 2 H) 2.00 - 2.07 (m, 1 H) 1.89 - 1.98 (m, 1 H) 1.68 -
1.83 (m, 6 H) 1.46 - 1.61 (m, 1 H) 1.24 (t, J=6.97 Hz, 3 H); >C NMR (151 MHz, CDCl;) § =
148.80, 148.79, 134.73, 134.56, 125.11, 125.05, 109.21, 109.12, 102.78, 99.83, 78.15, 75.31,
60.99, 60.98, 40.68, 40.50, 35.94, 34.59, 30.82, 30.77, 20.39, 20.37, 19.89, 19.50, 15.20, 15.08,
6.28, 5.56; HRMS (ESI) calculated for [C14H»30,1+Na]" = 373.0640, found = 373.0629.

General Procedure for Manganese-Catalyzed Carboacylation Reactions

In a glovebox, the alkyl iodide (1.0 equiv), KHCO; (1.0 equiv), EtOH (0.2 M), and Mn,(CO);o
(2.5 mol %, unless otherwise noted) were combined in a sealed tube, the cap of which was fitted
with a quick-connect adapter (see Figure 1). After removing the tube from the glovebox it was
purged with 10 atm CO (x 3) and pressurized to 10 atm CO. The reaction was stirred at room
temperature for 24 hours in a fume hood with the hood lights on. After 24 hours, the tube was
depressurized and 3-5 drops of DBU were added. The reaction was allowed to stir for 1 hour,
after which it was diluted with EtOAc and washed with brine. The aqueous layer was then
extracted with EtOAc (x3). The combined organic layers were dried with MgSO4 and
concentrated in vacuo. The crude mixture was then filtered through a silica plug with 10:1



hexanes:ethyl acetate. The resulting product was purified by flash chromatography with the
specified solvent system.

Figure 1. Photos of regulator used to pressurize CO reactions (left) and sealed tubes used to
run CO reactions (right) — Each tube gets connected to the regulator via a quick-connect
connection at the bottom connection on the regulator (left) and the red top connection on
the tube adapter (right).

Product Modification - Oxidation Procedure:

A solution of acetal product (30 mg, 0.12 mmol) in acetone (1.5 mL) was cooled to 0 °C. CrO;
(60 mg, 0.60 mmol) was dissolved in 25% aqueous H,SO,4 (375 pL) and that solution was added
to acetone solution dropwise. The reaction was stirred at 0 °C for 2 hours. After completion,
Et,O was added, and the reaction was quenched with iPrOH and neutralized with saturated
NaHCO;. The mixture was extracted with Et,O (x2) and the organic layers were dried over
MgSO, and concentrated in vacuo. The resulting product was purified by flash chromatography
with the specified solvent system.
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2 was synthesized according to the general procedure using 1 (94.9 mg, 0.30 mmol). The
resulting ester was purified by flash chromatography (10:1 Hex:EtOAc) to afford 2 as a mixture
of inseparable diastereomers (65.2 mg, 0.25 mmol, 83% yield, 2:1 d.r.) as a yellow oil. The
major diastereomer was determined by 2D NMR analysis. Analytical data for 2: IR (thin film,
cm’™) 2946, 2865, 2360, 1732, 1611, 1582, 1512, 1463, 1372, 1246, 1180, 1035, 828, 577, 539;
'H NMR (600 MHz, CDCl3) & = 7.17 - 7.09 (m, 2 H), 6.90 - 6.82 (m, 2 H), 4.13 (q, J= 7.0 Hz, 2
H), 3.79 (s, 3 H), 3.12 - 3.00 (m, 1 H), 3.05 - 2.99 (m, 1 H), 2.56 (td, J = 7.5, 15.0 Hz, 0.8 H),
246 -2.36 (m, 2 H), 2.27 - 2.21 (m, 0.4 H), 2.12 - 1.98 (m, 2 H), 1.88 (m, 0.8 H), 1.77 (m, 0.8
H), 1.70 - 1.57 (m, 1 H), 1.49 - 1.41 (m, 0.4 H), 1.36 - 1.28 (m, 0.8 H), 1.26 (t, /= 7.2 Hz, 3 H);
C NMR (151 MHz, CDCl;) § = 173.14, 157.66, 157.61, 138.25, 137.71, 127.76, 113.60, 60.12,
55.18, 44.80, 43.44, 41.83, 41.02, 40.67, 40.06, 36.30, 35.49, 35.05, 33.28, 32.94, 31.47, 14.23;
HRMS (ESI) calculated for [C16H2,03+H]" = 263.1642, found = 263.1640.

4 was synthesized according to the general procedure using 3 (80.4 mg, 0.30 mmol). The
resulting ester was purified by flash chromatography (10:1 followed by 2:1 Hex:EtOAc) to
afford 4 as a mixture of inseparable diastereomers (49.2 mg, 0.23 mmol, 77% yield, 10:1 d.r.) as
a colorless oil. The major diastereomer was assigned based on 2D NMR analysis. Analytical data
for 4: IR (thin film, cm™) 2938, 1732, 1371, 1255, 1178, 1146, 1023, 950, 903; 'H NMR (400
MHz, CDCl3) 8 =5.28 (d, J = 3.7 Hz, 0.9 H), 5.00 (d, /= 3.3 Hz, 0.1 H), 4.41 (t, J = 8.4 Hz, 0.1
H), 4.13 (q,J= 7.3 Hz, 2 H), 4.04 (t, /= 8.1 Hz, 0.9 H), 3.77 - 3.59 (m, 2.9 H), 3.42 (dt, J = 2.4,
11.6 Hz, 0.1 H), 2.80 - 2.72 (m, 1 H), 2.53 (dd, /= 4.8, 15.8 Hz, 0.1 H), 2.45 (dd, J = 7.3, 16.1
Hz, 0.9 H), 2.34 (dd, J = 8.1, 16.1 Hz, 0.9 H), 2.26 (dd, J=9.7, 16.0 Hz, 0.1 H), 2.10 - 2.05 (m,



1 H), 1.71 - 1.53 (m, 3H), 1.43 - 1.36 (m, 1 H), 1.25 (t, J = 7.2 Hz, 3 H); °C NMR (151 MHz,
CDCL) 8 = Major: 172.17, 101.67, 69.63, 61.06, 60.55, 36.90, 36.41, 32.59, 22.87, 19.49, 14.13;
Minor: 101.59, 73.58, 64.38, 43.61, 37.25, 34.40, 22.14, 20.46; HRMS (ESI) calculated for
[C11H,504+Na]" = 237.1098, found = 237.1096.

(0]

T
(3]

5 was synthesized according to the general procedure using 3 (80.4 mg, 0.30 mmol), 2 equiv
KHCOs3 (60 mg, 0.60 mmol), and 2 equiv Et;NH (62 pL, 0.60 mmol). The resulting amide was
purified by flash chromatography (1:1 Hex:EtOAc) to afford § (48.7 mg, 0.20 mmol, 67% yield,
8:1 d.r.) as a pale orange oil. The major diastereomer was assigned by analogy to 4. Analytical
data for 5: IR (thin film, cm™) 3492, 2934, 1638, 1434, 1379, 1251, 1221, 1142, 1100, 1021,
949, 902, 603; "H NMR (600 MHz, CDCl3) & = 5.31 (d, J = 3.7 Hz, 0.85 H), 5.04 (d, J = 3.4 Hz,
0.15 H), 4.50 (t, J = 8.4 Hz, 0.15 H), 4.11 (t, J = 8.2 Hz, 0.85 H), 3.94 - 3.58 (m, 3 H), 3.48 -
3.27 (m, 4 H), 2.93 - 2.72 (m, 1 H), 2.60 (dd, J = 4.6, 15.9 Hz, 0.15 H), 2.51 - 2.43 (m, 0.85 H),
240-2.26 (m, 1 H), 2.19 (m, 1 H), 1.85 - 1.64 (m, 1 H), 1.63 - 1.56 (m, 2 H), 1.52 - 1.35 (m, 1
H), 1.20 (t, J= 7.2 Hz, 3 H), 1.12 (t, J = 7.1 Hz, 3 H) °C NMR (151 MHz, CDCl3) § = Major:
170.17, 101.80, 70.15, 61.13, 41.84, 40.07, 37.02, 36.50, 31.09, 23.03, 19.75, 14.23, 13.00;
Minor: 101.49, 74.21, 64.26, 43.58, 36.82, 34.87, 22.50, 20.63; HRMS (ESI) calculated for
[C13H;NO;+H]" = 242.1751, found = 242.1749.

6 was synthesized according to the general procedure using 3 (80.4 mg, 0.30 mmol), 2 equiv
KHCOs3 (60 mg, 0.60 mmol), and 2 equiv N-methylaniline (65 pL, 0.60 mmol). The resulting
amide was purified by flash chromatography (1:1 Hex:EtOAc) to afford 6 (60.1 mg, 0.22 mmol,
73% yield, 10:1 d.r.) as a white solid. The major diastereomer was assigned by analogy to 4.
Analytical data for 6: IR (thin film, cm'l) 3503, 2938, 1655, 1594, 1495, 1421, 1390, 1293, 1251,
1205, 1144, 1020, 948, 903, 870, 776, 702, 649, 562, 523; "H NMR (600 MHz, CDCl3) § = 7.46
(t,J=7.8 Hz, 2 H), 7.41 - 7.36 (m, 1 H), 7.19 (d, J = 8.3 Hz, 2 H), 5.28 (d, /= 3.7 Hz, 0.9 H),
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493 (d,J=3.2 Hz, 0.1 H),4.44 (t,J=8.7 Hz, 0.1 H), 4.01 (t, /= 8.3 Hz, 0.9 H), 3.90 - 3.85 (m,
0.1 H), 3.75 - 3.53 (m, 2.9 H), 3.28 (s, 3 H), 2.92 - 2.65 (m, J = 8.8 Hz, 1 H), 2.27 - 2.00 (m, 3
H), 1.56 - 1.41 (m, 3 H), 1.30 - 1.16 (m, 1 H); >C NMR (151 MHz, CDCl;) & =Major: 171.20,
143.67, 129.85, 127.94, 127.09, 101.63, 69.70, 60.87, 37.21, 37.17, 36.18, 32.11, 22.86, 19.41;
Minor: 171.47, 143.74, 127.24, 101.38, 73.93, 64.21, 43.32, 37.53, 36.26, 34.93, 29.60, 22.22,
20.49; HRMS (ESI) calculated for [C1sH, 1 NO3;+H]" = 276.1594, found = 276.1593.

H OnBu

o\ O
OEt

8

8 was synthesized according to the general procedure using 7 (89.5 mg, 0.30 mmol) and 5 mol
% Mny(CO)jo (5.8 mg, 0.015 mmol). The resulting ester was purified by flash chromatography
(20:1 Hex:EtOAc) to afford 8 as a mixture of inseparable diastereomers (55.2 mg, 0.23 mmol,
77% vyield, 8:1 d.r.) as a yellow oil. The major diastereomer was assigned based on 2D NMR
analysis. Analytical data for 8: IR (thin film, cm'l) 2960, 2872, 1733, 1460, 1369, 1344, 1204,
1096, 1033, 931, 580; '"H NMR (400 MHz, CDCl3) § = 5.13 (dd, J = 2.8, 5.7 Hz, 0.89 H), 5.12 -
5.10 (m, 0.11 H), 4.12 (q, J = 7.3 Hz, 2 H), 3.80 (d, /= 8.8 Hz, 1 H), 3.70 - 3.62 (m, 2 H), 3.36
(td, /= 6.6, 9.5 Hz, 1 H), 2.50 (s, 1.8 H), 2.36 - 2.33 (m, 0.2 H), 1.96 (dd, J=5.5, 13.6 Hz, 1 H),
1.83 (dd, J=12.9, 13.6 Hz, 1 H), 1.57 - 1.50 (m, 2 H), 1.39 - 1.31 (m, 2 H), 1.25 (t, /=7.2 Hz, 3
H), 1.14 (s, 3 H), 0.90 (t, J = 7.3 Hz, 3 H); °C NMR (151 MHz, CDCl3) & = Major: 171.79,
104.34, 77. 11, 67.49, 60.22, 46.27, 44.43, 40.50, 31.76, 24.97, 19.32, 14.20, 13.84; Minor:
104.50, 76.66, 64.20, 63.13, 45.69, 44.44, 41.24, 30.59, 23.61, 19.15, 15.23, 13.66; HRMS (ESI)
calculated for [C3H2404+Na]" = 267.1567, found = 267.1564.

(0]

63 OEt

¥s

10

10 was synthesized according to the general procedure using 9 (118 mg, 0.30 mmol) and 5 mol
% Mny(CO)jo (5.8 mg, 0.015 mmol). The resulting ester was purified by flash chromatography
(2:1 Hex:EtOAc) to afford 10 as a mixture of inseparable diastereomers (80.4 mg, 0.24 mmol,
79% yield, 1:1 d.r.) as a pale orange oil. Analytical data for 10: IR (thin film, cm™ 2977, 2880,
1727, 1597, 1453, 1344, 1192, 1159, 1094, 1058, 860, 816, 731, 709, 663, 593, 548; 'H NMR
(400 MHz, CDCl3) 6 =7.70 (dd, J=3.1, 8.3 Hz, 2 H), 7.32 (dd, /= 1.5, 8.4 Hz, 2 H), 4.14 - 4.05
(m, 2 H), 3.39 - 3.34 (m, 1 H), 3.27-3.21 (m, 1 H), 3.21 - 3.14 (m, 1 H), 3.04 (s, 1l H), 2.43 (s, 3
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H), 2.35-2.31 (m, 1 H), 1.83 (td, J = 9.2, 12.8 Hz, 0.5 H), 1.64 - 1.55 (m, 1.5 H), 1.22 (dt, J =
7.1, 18.2 Hz, 3 H), 1.07 — 1.06 (d, J = 4.4 Hz, 3 H), 0.84 (s, 1.5 H), 0.78 (s, 1.5 H); °C NMR
(151 MHz, CDCly) 8 = 174.18, 174.03, 143.37, 143.29, 133.72, 133.56, 129.56, 129.54, 127.36,
60.35, 60.26, 58.66, 58.02, 46.92, 46.55, 46.14, 43.78, 43.74, 36.68, 36.53, 21.46, 19.97, 19.46,
14.16, 14.14, 12.94, 12.56; HRMS (ESI) calculated for [C17H,sNO4S+H]" = 340.1577, found =
340.1575.

OnBu

OEt
12

12 was synthesized according to the general procedure using 11 (93.7 mg, 0.30 mmol) and 5
mol % Mny(CO);p (5.8 mg, 0.015 mmol). The resulting ester was purified by flash
chromatography (20:1 Hex:EtOAc) to afford 12 as a complex mixture of diastereomers (49.3
mg, 0.19 mmol, 64% yield) as a colorless oil. Analytical data for 12: IR (thin film, cm™) 2958,
2935, 2874, 2360, 1733, 1461, 1374, 1342, 1246, 1176, 1129, 1073, 985, 892, 851, 812; 'H
NMR (400 MHz, CDCl3) 6 = 4.83 (dd, J = 2.9, 9.3 Hz, 0.75 H), 4.38 - 4.34 (m, 0.25 H), 4.20 -
4.11 (m, 2 H), 4.10 - 4.00 (m, 0.25 H), 3.90 - 3.75 (m, 1 H), 3.70 - 3.58 (m, 1.5 H), 3.50 - 3.41
(m, 0.5 H), 3.41 - 3.33 (m, 0.75 H), 2.34 - 2.26 (m, 0.25 H), 2.26 - 2.13 (m, 1.5 H), 1.92 - 1.86
(m, 0.25 H), 1.83 - 1.76 (m, 0.25 H), 1.69 - 1.49 (m, 4 H), 1.47 - 1.32 (m, 4 H), 1.28 (t, J="7.1
Hz, 3 H), 1.20 - 1.11 (m, 3 H), 0.98 - 0.90 (m, 3 H); °C NMR (151 MHz, CDCl;) § = 175.83,
175.80, 175.77, 175.68, 101.72, 101.63, 96.65, 68.74, 66.76, 66.73, 64.99, 64.78, 60.34, 60.31,
60.17, 59.31, 59.23, 45.22, 44.79, 44.74, 44.72, 37.25, 37.18, 36.23, 34.88, 34.85, 34.48, 33.97,
32.39, 32.16, 31.86, 31.85, 31.77, 31.61, 29.91, 29.88, 28.91, 28.42, 22.68, 19.49, 19.32, 19.29,
18. 91, 14.33, 14.31, 14.30, 14.27, 14.07, 14.04, 14.03, 13.96, 13.92, 13.44; HRMS (ESI)
calculated for [C14H2604+Na]" = 281.1724, found = 281.1722.

Reduced product:
0] O
OEt
SI-5

SI-5 was synthesized by dissolving 12 (25 mg, 0.10 mmol) in DCM (2.5 mL) at -30 °C and
adding Et;SiH (16 pL, 0.10 mmol) and BF3*OEt; (7.7 puL, 0.03 mmol). The reaction was warmed
to -10 °C and stirred for 4 hours. An additional 16 pL of Et;SiH was then added and the mixture
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stirred overnight at room temperature and then concentrated. The resulting tetrahydropyran was
purified by flash chromatography (5:1 Hex:EtOAc) to afford SI-5 (11.7 mg, 0.062 mmol, 64%
yield) as a colorless oil. Analytical data for SI-5: IR (thin film, cm'l) 2931, 1732, 1453, 1176,
1093; '"H NMR (400 MHz, CDCl3) § =4.15 (q, J = 7.1 Hz, 2 H), 4.05 - 3.93 (m, 2 H), 3.48 - 3.33
(m, 2 H), 2.27 (quin, J=7.3 Hz, 1 H), 1.85 - 1.73 (m, 1 H), 1.71 - 1.57 (m, 1 H), 1.57 - 1.48 (m,
1 H), 1.47 - 1.31 (m, 2 H), 1.28 (t, J= 7.1 Hz, 3 H), 1.15 (d, J= 7.1 Hz, 3 H); °C NMR (151
MHz, CDCl3) 8 = 175.88, 67.95, 67.85, 60.17, 45.09, 38.00, 30.95, 29.73, 14.26, 13.90; HRMS
(ESI) calculated for [C1oH;303+H]" = 187.1329, found = 187.1327.

iPr, IP"

Si

14

14 was synthesized according to the general procedure using 13’ (120.7 mg, 0.30 mmol) and 5
mol % Mny(CO);p (5.8 mg, 0.015 mmol). The resulting ester was purified by flash
chromatography (hexanes, then 2:1 Hex:EtOAc) to afford 14 (81.4 mg, 0.23 mmol, 78% yield,
3:1 d.r.) as colorless oil. The major diastereomer was assigned based on 2D NMR analysis.
Analytical data for 14: IR (thin film, cm'l) 2939, 2864, 2360, 1730, 1462, 1369, 1306, 1236,
1159, 1095, 1067, 1037, 884, 797, 737, 698; '"H NMR (400 MHz, CDCls) & = 7.44 (d, J = 7.0
Hz, 0.5 H), 7.39 (d, J="7.3 Hz, 1.5 H), 7.32 (t, J= 7.5 Hz, 2.25 H), 7.25 - 7.22 (m, 0.75 H), 5.25
(d, J=17.3 Hz, 0.25 H), 4.85 (d, /= 9.9 Hz, 0.75 H), 4.20 - 4.16 (m, 0.5 H), 4.11 - 4.05 (m, 1.5
H), 2.76 - 2.71 (m, 0.25 H), 2.50 - 2.45 (m, 0.75 H), 2.35 - 2.16 (m, 2 H), 2.03 - 1.76 (m, 2 H),
1.29 (t,J=7.2 Hz, 0.75 H), 1.22 (t, /= 7.2 Hz, 2.25 H), 1.12 - 1.00 (m, 8 H), 0.99 - 0.94 (m, 6.5
H), 0.91 - 0.79 (m, 1.5 H); °C NMR (151 MHz, CDCl3) 8 = Major: 176.02, 145.86, 128.07,
127.99, 126.84, 125.22, 125.14, 75.62, 60.40, 49.26, 45.05, 26.86, 17.88, 17.76, 17.64, 17.42,
13.49, 9.61; Minor: 175.54, 145.79, 128.20, 126.95, 126.49, 126.40, 125.19, 60.34, 60.24, 45.56,
42.49, 41.80, 24.71, 17.85, 17.67, 17.51, 14.32, 12.87, 7.17, HRMS (ESI) calculated for
[C20H3,03Si+Na]” = 371.2013, found = 371.2009.

)
/ o OEt

(L/Eg
H

EtO
16

16 was synthesized according to the general procedure using 15 (100.9 mg, 0.30 mmol) and 5
mol % Mny(CO);p (5.8 mg, 0.015 mmol). The resulting ester was purified by flash
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chromatography (10:1 Hex:EtOAc) to afford 16 (65.4 mg, 0.23 mmol, 77% yield) as a pale
yellow oil. 16 was formed in 1.5:1 d.r. with respect to cyclization/carbonylation. This ratio was
determined by analysis of oxidized product SI-6 (see below). Analytical data for 16: IR (thin
film, cm™) 3074, 2976, 2938, 1735, 1640, 1443, 1374, 1339, 1242, 1159, 1101, 1002, 916; 'H
NMR (400 MHz ,CDCls) & = 5.95 - 5.73 (m, 1 H), 5.22 - 5.03 (m, 3 H), 4.11 (q, J = 7.1 Hz, 2
H), 3.83 - 3.65 (m, 1 H), 3.44 - 3.32 (m, 1 H), 2.63 - 2.48 (m, 1 H), 2.45-2.19 (m, 5 H), 2.17 -
2.02 (m, 2 H), 1.96 - 1.70 (m, 2 H), 1.68 - 1.57 (m, 1 H), 1.47 - 1.32 (m, 1 H), 1.27 - 1.14 (m, 6
H); °C NMR (151 MHz, CDCl3) § = 172.99, 172.97, 172.82, 172.79, 135.02, 134.71, 134.10,
117.82, 117.45, 117.39, 117.26, 106.20, 105.93, 104.63, 104.40, 96.19, 95.10, 94.95, 94.93,
62.77, 62.44, 62.05, 60.21, 60.19, 60.16, 60.06, 46.68, 46.24, 46.23, 45.35, 45.28, 45.26, 45.16,
45.07, 44.65, 44.27, 44.08, 43.69, 41.42, 41.07, 40.48, 40.23, 39.99, 39.91, 39.83, 39.80, 39.63,
39.49, 38.94, 38.40, 37.14, 36.78, 33.74, 33.63, 15.17, 15.08, 15.02, 14.21; HRMS (ESI)
calculated for [C16H2604+Na]" = 305.1724, found = 305.1720.

Oxidized product:
b
/0P

ﬁv@j
H

EtO
Sl-6

SI-6 was synthesized according to the general oxidation procedure using 16 (30 mg, 0.11 mmol).
The resulting lactone was purified by flash chromatography (2:1 Hex:EtOAc) to afford SI-6 as a
mixture of inseparable diastereomers (25 mg, 0.10 mmol, 90% yield, 1.5:1 d.r.) as a colorless oil.
The d.r. is determined to reflect a cis ring junction and a mixture of diastereomers at the final
cyclization/carbonylation center. Analytical data for SI-6: IR (thin film, cm'l) 3525, 2935, 1771,
1731, 1641, 1418, 1378, 1206, 1156, 1028, 979, 926; 'H NMR (400 MHz, CDCl3) & = 5.81 -
5.73 (m, 1 H), 5.20 - 5.15 (m, 2 H), 4.11 (q, /= 7.0 Hz, 2 H), 2.87 - 2.81 (m, 0.65 H), 2.74 - 2.64
(m, 1 H), 2.56 - 2.45 (m, 2 H), 2.43 - 2.19 (m, 6 H), 1.77 (dd, J = 6.2, 13.2 Hz, 0.65 H), 1.71 -
1.55 (m, 1.35 H), 1.34 (dd, J = 12.1, 13.6 Hz, 0.65 H), 1.24 (t, /= 7.2 Hz, 3 H), 1.20 - 1.12 (m,
0.35 H); °C NMR (151 MHz, CDCly) § = 177.02, 176.58, 172.34, 172.12, 131.87, 131.53,
120.20, 119.84, 96.56, 95.58, 60.46, 44.07, 44.00, 43.78, 43.21, 42.22, 40.76, 40.47, 39.98,
38.86, 38.65, 37.29, 35.56, 35.25, 33.85, 14.20; HRMS (ESI) calculated for [C14H04+H] =
253.1434, found = 253.1433.
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Table 3 (entries 1-4):

MeOzC

OEt
@)

18

18 was synthesized according to the general procedure using 17 (88.2 mg, 0.30 mmol). The
resulting ester was purified by flash chromatography (10:1 Hex:EtOAc) to afford 18 (64.2 mg,
0.27 mmol, 89% yield, 7:1 d.r.) as a colorless oil. The major diastereomer was determined by 2D
NMR analysis of reduced product SI-7 (see below). Analytical data for 18: IR (thin film, cm™)
2953, 2870, 1730, 1451, 1375, 1271, 1230, 1164, 1038; 'H NMR (600 MHz, C¢Dg) & = 3.98 -
3.92 (m, 2 H), 3.32 - 3.29 (m, 3 H), 3.29 - 3.24 (m, 0.88 H), 3.14 - 3.08 (m, 0.12 H), 2.88 - 2.83
(m, 0.12 H), 2.50 (ddd, J = 3.5, 6.5, 12.7 Hz, 0.88 H), 2.37 - 2.31 (m, 0.12 H), 2.26 - 2.21 (m,
0.88 H), 2.10 - 1.94 (m, 2 H), 1.79 - 1.73 (m, 2 H), 1.55 - 1.44 (m, 2 H), 1.41 - 1.29 (m, 2 H),
1.19 - 1.14 (m, 1 H), 0.98 - 0.92 (m, 3 H); C NMR (151 MHz, C¢D¢) & = Major: 177.41,
173.99, 59.87, 59.82, 52.80, 51.67, 51.26, 38.24, 36.90, 33.01, 30.54, 25.50, 13.93; Minor:
177.33, 172.54, 59.58, 59.37, 51.22, 50.69, 48.26, 38.67, 36.03, 30.01, 26.97, 26.91, 14.02;
HRMS (ESI) calculated for [C13H2004+Na] = 263.1254; found = 263.1254.

HO

H
OH
SI-7

SI-7 was made from 18 (12 mg, 0.05 mmol), added dropwise to a slurry of LiAlH4 (5 mg, 0.13
mmol) in Et;O (600 pL) at 0 °C. The reaction was warmed to room temperature and stirred
overnight. It was quenched with water and 10% NaOH, extracted with Et,O, dried over MgSOs,
and concentrated in vacuo. The resulting diol was purified by flash chromatography (1:2
Hex:EtOAc) to afford SI-7 (0.05 mmol, quantitative yield) as a colorless oil. The major
diastereomer was determined by 2D NMR analysis. Analytical data for SI-7: IR (thin film, cm™)
3326, 2934, 2856, 1466, 1034, 527; '"H NMR (600 MHz, C4Dg) & = 3.44 - 3.36 (m, 2 H), 3.26 -
3.20 (m, 2 H), 1.84 - 1.78 (m, 1 H), 1.73 (dt, J=3.1, 7.4 Hz, 1 H), 1.68 - 1.61 (m, 1 H), 1.61 -
1.56 (m, 1 H), 1.54 - 1.46 (m, 3 H), 1.41 - 1.26 (m, 5 H), 1.20 (ddd, J = 6.6, 9.8, 12.6 Hz, 2 H);
BC NMR (151 MHz, C¢Ds) & = 69.58, 65.87, 55.95, 50.33, 48.53, 37.05, 35.87, 33.44, 29.30,
25.51; HRMS (ESI) calculated for [C1oH;30,+H]" = 171.1380, found = 171.1378.
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OnBu

20

20 was synthesized according to the general procedure using 19 (97.3 mg, 0.30 mmol). The
resulting ester was purified by flash chromatography (10:1 Hex:EtOAc) to afford 20 (73.2 mg,
0.27 mmol, 90% yield) as a pale orange oil. 20 was formed in 7:1 d.r. with respect to
cyclization/carbonylation. This ratio was determined by analysis of oxidized product SI-8 (see
below). The assignment of the major diastereomer was based on analogy to similar radical
cyclizations."™ Analytical data for 20: IR (thin film, cm™) 2937, 2868, 1730, 1450, 1375, 1292,
1256, 1175, 1094, 1069, 1027, 909; '"H NMR (400MHz, C¢Dg) & = 5.19 - 5.03 (m, 1 H), 4.21 -
4.08 (m, 2.5 H), 4.08 - 4.03 (m, 0.5 H), 3.77 - 3.63 (m, 1 H), 3.43 - 3.31 (m, 1 H), 2.84 (m, 1 H),
2.30-2.21 (m, 1 H),2.18 -2.10 (m, 1 H), 2.08 - 1.82 (m, 3 H), 1.63 - 1.47 (m, 5 H), 1.42 - 1.29
(m, 3 H), 1.28 - 1.21 (m, 3 H), 0.92 (t, J = 7.2 Hz, 3 H); °C NMR (151 MHz, CsDs) & = Major:
176.01, 175.57, 103.71, 103.17, 77.56, 74.39, 67.94, 67.55, 60.31, 60.16, 45.06, 43.02, 39.67,
39.33, 38.85, 37.53, 31.73, 28.10, 27.99, 27.89, 26.80, 19.41, 19.39, 19.34, 19.28, 14.19, 14.17,
13.81, 13.79; Minor: 174.21, 173.89, 102.91, 77.94, 68.11, 66.98, 60.30, 60.24, 41.65, 39.28,
36.35, 32.16, 31.83, 31.68, 29.21, 29.08, 22.09, 21.92, 20.92, 19.29, 13.77, HRMS (ESI)
calculated for [CsH2604+Na]" = 293.1724, found = 293.1721.

Oxidized product:

0

SI-8

SI-8 was synthesized according to the general oxidation procedure using 20 (30 mg, 0.11 mmol).
The resulting lactone was purified by flash chromatography (2:1 Hex:EtOAc) to afford SI-8 as a
mixture of inseparable diastereomers (18 mg, 0.08 mmol, 77% yield, 7:1 d.r.) as a colorless oil.
Analytical data for SI-8: IR (thin film, cm'l) 2938, 1778, 1727, 1297, 1155, 559; "H NMR (400
MHz, CDCl3) 6 =4.59 (q,J=3.5 Hz, 0.88 H), 4.57 - 4.53 (m, 0.12 H), 4.17 - 4.12 (m, 2 H), 3.11
- 3.03 (m, 0.12 H), 2.70 (dd, J = 6.8, 17.1 Hz, 0.88 H), 2.66 - 2.61 (m, 0.88 H), 2.52 - 2.45 (m,
0.12 H), 2.41 - 2.35 (m, 1 H), 2.26 - 2.19 (m, 1.76 H), 2.17 - 2.11 (m, 0.12 H), 2.00 - 1.95 (m,
0.88 H), 1.93 - 1.87 (m, 0.12 H), 1.87 - 1.80 (m, 0.12 H), 1.68 - 1.57 (m, 2 H), 1.54 - 1.47 (m, 1
H), 1.41 - 1.34 (m, 1 H), 1.25 (t, J = 7.2 Hz, 3 H); °C NMR (151 MHz, CDCls) & = Major:
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176.62, 174.18, 78.51, 60.89, 43.59, 37.37, 37.15, 26.90, 26.86, 18.81, 14.15; Minor: 176.09,
172.78, 42.08, 36.22, 28.69, 28.32, 21.93, 21.07; HRMS (ESI) calculated for [C;H;c04+H]" =
213.1121, found = 213.1120.

22 was synthesized according to the general procedure using 21 (105.7 mg, 0.30 mmol). The
resulting ester was purified by flash chromatography (10:1 Hex:EtOAc) to afford 22 (64.7 mg,
0.22 mmol, 72% yield, 9:1 d.r.) as a colorless oil. The assignment of the major diastereomer was
based on analogy to similar radical cyclizations."™® Analytical data for 22: IR (thin film, cm™)
2938, 2864, 1732, 1463, 1372, 1288, 1243, 1164, 1141, 1068, 1035, 977, 906, 882, 832, 792,
714, 613; '"H NMR (400 MHz, CDCls) 8 =4.22 - 4.06 (m, 2 H), 4.06 - 3.97 (m, 0.9 H), 3.78 -
3.75 (m, 0.1 H), 2.72 - 2.65 (m, 0.1 H), 2.65 - 2.59 (m, 0.1 H), 2.36 - 2.25 (m, 1.8 H), 2.04 - 1.87
(m, 1 H), 1.85-1.70 (m, 1 H), 1.61 - 1.42 (m, 4 H), 1.26 (t, /= 7.2 Hz, 3 H), 1.12 - 0.97 (m, 15
H), 0.95 - 0.88 (m, 1 H), 0.64 (dd, J = 1.8, 15.0 Hz, 0.9 H), 0.48 - 0.44 (m, 0.1 H); °C NMR
(151 MHz, CDCls) 8 = Major: 175.90, 75.88, 60.14, 45.49, 39.35, 30.63, 28.00, 19.13, 17.95,
17.84, 17.46, 17.32, 14.24, 13.02, 12.99, 11.68; Minor: 174.21, 77.49, 60.04, 44.80, 39.78,
30.90, 22.58, 21.20, 17.69, 17.45, 17.35, 14.29, 13.06, 12.77, 4.21; HRMS (ESI) calculated for
[C16H3003Si+H]" = 299.2037, found = 299.2035.

OEt
o)

O> OMe
g
(0]

24

ﬁ

24 was synthesized according to the general procedure using 23 (105 mg, 0.30 mmol) and 10
mol% Mn,(CO);p (11.7 mg, 0.03 mmol) in MeOH (2.3 mL) instead of EtOH. The resulting ester
was purified by flash chromatography (10:1 Hex:EtOAc) to afford 24 (56.6 mg, 0.20 mmol, 67%
yield) as colorless oil. 24 was formed in 3:1 d.r. with respect to cyclization/carbonylation. This
ratio was determined by analysis of oxidized product SI-9 (see below). The major diastereomer
was determined via 2D NMR analysis of the oxidized product SI-9. Analytical data for 24: IR
(thin film, cm™) 2948, 1734, 1647, 1437, 1375, 1192, 1115, 1003, 891; 'H NMR (400 MHz,
CDCl3) 6 =5.26 - 5.17 (m, 0.8 H), 5.10 (dd, J = 2.1, 5.7 Hz, 0.2 H), 4.77 - 4.71 (m, 2 H), 3.98
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(dd, J=6.2,10.4 Hz, 0.2 H), 3.91 - 3.72 (m, 1.6 H), 3.72 - 3.65 (m, 3.2 H), 3.53 - 3.43 (m, 1 H),
297 (t,J=5.1 Hz, 0.2 H), 2.65 - 2.45 (m, 1.2 H), 2.39 - 2.33 (m, 0.2 H), 2.21 (dd, /= 5.4, 13.7
Hz, 0.4 H), 2.00 - 1.84 (m, 2.4 H), 1.81 - 1.57 (m, 6.6 H), 1.29 - 1.16 (m, 5.4 H), 1.10 (s, 0.6 H);
BC NMR (151 MHz, CDCl3) & =175.03, 174.94, 174.35, 174.17, 148.56, 148.17, 148.06,
109.31, 109.29, 108.88, 108.83, 104.86, 103.81, 103.52, 102.37, 85.39, 84.48, 82.85, 63.74,
63.61, 63.51, 62.87, 51.48, 51.47, 51.41, 51.38, 50.32, 46.29, 46.01, 44.91, 43.50, 43.21, 41.97,
41.92, 41.73, 41.01, 40.89, 38.92, 38.38, 36.90, 35.87, 35.78, 35.69, 34.21, 30.36, 30.30, 30.22,
30.14, 28.37, 27.50, 27.24, 26.79, 24.40, 21.73, 21.20, 21.05, 20.79, 20.77, 15.32, 15.25; HRMS
(ESI) calculated for [C16H2604+Na]" = 305.1724, found = 305.1725.

Oxidized product:

0
o

O

\[ “'cO,Me

SI-9

SI-9 was synthesized according to the general oxidation procedure using 24 (30 mg, 0.106
mmol). The resulting lactone was purified by flash chromatography (2:1 Hex:EtOAc) to afford
SI-9 as a mixture of inseparable diastereomers (11.4 mg, 0.045 mmol, 43% yield, 3:1 d.r.) as a
colorless oil. The major diastereomer was assigned by 2D NMR analysis. Analytical data for SI-
9: IR (thin film, cm™) 2950, 1779, 1732, 1646, 1437, 1364, 1267, 1231, 1194, 1158, 1067, 998,
894, 836; "H NMR (400 MHz, C4Dg) & = 4.65 (t, J = 25.7 Hz, 1 H), 4.51 (s, 1 H), 4.10 (dd, J =
5.9,9.5 Hz, 0.3 H), 3.44 (dd, J=6.2, 11.0 Hz, 0.7 H), 3.20 (s, 2.1 H), 3.16 (s, 0.9 H), 2.58 (d, 0.7
H), 2.35 (t, /= 5.3 Hz, 0.3 H), 2.26 (d, J = 16.9 Hz, 0.3 H), 2.10 (d, J = 17.6 Hz, 0.7 H), 1.99
(dd, J=3.9,12.7 Hz, 0.7 H), 1.87 - 1.74 (m, 1 H), 1.63 (d, /= 17.2 Hz, 0.3 H), 1.56 - 1.48 (m, 1
H), 1.45 (s, 0.9 H), 1.39 (s, 2.1 H), 1.33 (ddd, J=4.4, 9.5, 14.3 Hz, 0.7 H), 1.28 - 1.15 (m, 1 H),
1.13 - 1.06 (m, 0.3 H), 0.88 - 0.87 (m, 2.1 H), 0.87 - 0.83 (m, 0.9 H), 0.82 - 0.81 (m, 1 H); °C
NMR (151 MHz, C¢Dg) 6 = Major: 174.80, 172.72, 147.05, 110.06, 83.78, 51.14, 49.41, 40.14,
39.87, 36.13, 35.11, 30.31, 26.24, 20.55; Minor: 174.20, 173.58, 109.91, 82.93, 51.04, 45.23,
39.92, 39.30, 35.94, 33.03, 27.92, 22.67, 21.04; HRMS (ESI) calculated for [C14H04+H] =
253.1434, found = 253.1437.
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Scheme 1:

o .

MeO

27 was synthesized according to the general procedure using 1 (189.7 mg, 0.60 mmol) and
KHCOs3 (60 mg, 0.60 mmol), with no CO pressure and benzene (4.6 mL) instead of EtOH. The
resulting ester was purified by flash chromatography (hexanes) to afford 27 as a mixture of
inseparable diastereomers (173 mg, 0.55 mmol, 90% vyield, 3:1 d.r.) as a pale yellow oil. The
major diastereomer was assigned by analogy to 2. Analytical data for 27: IR (thin film, cm™)
2947, 2859, 2360, 1611, 1511, 1460, 1245, 1178, 1036, 828, 585, 537; 'H NMR (600 MHz,
CDCl3) 8§ =7.19 - 7.08 (m, 2 H), 6.90 - 6.84 (m, 2 H), 3.81 (s, 3 H), 3.35 - 3.25 (m, 2 H), 3.14 (d,
J=7.1Hz, 1 H), 2.54 - 2.45 (m, 0.75 H), 2.39 - 2.28 (m, 0.5 H), 2.21 - 2.08 (m, 1.75 H), 1.93 -
1.84 (m, 1.5 H), 1.79 - 1.64 (m, 1 H), 1.60 - 1.51 (m, 0.5 H), 1.45 - 1.30 (m, 1 H); >C NMR (151
MHz, CDCls) & = 157.76, 157.70, 137.66, 137.18, 127.78, 127.74, 113.64, 55.22, 45.29, 43.72,
42.80, 42.21, 41.64, 40.99, 35.26, 34.05, 33.59, 32.36, 14.93, 14.22; LR GC/MS calculated for
[C13H ;011" = 316.0324, found = 316.

References

(1) Ollivier, C.; Renaud, P. J. Am. Chem. Soc. 2001, 123 (20), 4717.

(2) Bloome, K. S.; McMahen, R. L.; Alexanian, E. J. J. Am. Chem. Soc. 2011, 133 (50), 20146.

(3) Parasram, M.; laroshenko, V. O.; Gevorgyan, V. J. Am. Chem. Soc. 2014, 136 (52), 17926.

(4) Inoue, R.; Nakao, J.; Shinokubo, H.; Oshima, K. Bull. Chem. Soc. Jpn. 1997, 70 (9), 2039.

(5) Snowden, R. L.; Linder, S. M.; Muller, B. L.; Schulte-Elte, K. H. Helv. Chim. Acta 1987,
70, 1858.

(6) Gu, X.; Sun, M.; Gugiu, B.; Hazen, S.; Crabb, J. W.; Salomon, R. G. J. Org. Chem. 2003,
68, 3749.

(7) Cravero, R. M.; Gonzalez-Sierra, M.; Labadie, G. R. Helv. Chim. Acta 2003, 86 (8), 2741.

(8) Pandey, G.; Rao, K. S. S. P. Angew. Chem. Int. Ed. Engl. 1996, 34 (23-24), 2669.

(9) Villar, F.; Renaud, P. Tetrahedron Lett. 1998, 39 (47), 8655.

19



Substrate Spectra

OMe

OMe

Sli-1

|

0 [ppm]

|
I

I”-|(D
%S
58
T
2

i

I~
|
=

-J

f)

e

I~
o

@
]
-

T

o
A
-

|

18LY'LE ——
Svop'ze —

LIBL6Y ——
oro6’LS —
9€02'88 —

pese’eLl ——
69eL°GLL —

£9£6'821 ——
£868°0€L —

20L8°LEL —

£veL8sl —

22L9PLL —

[ppm]

0

50

100

150

200

20



|

—m

-1 1

OH

OMe

Si-2

J

E

I

~
Ind
-

|

@| |00
ol |o
oY

.U

I

)
t=1
-

l

el

|

I=1
t=1
o

o

0°L

[
L1
T

|

©
N

0 [ppm]

Z1z e~
sle'le—~

0LO Ly —

80268 —

Se5°L9 —

090'FLL —_
oLLpLL—

£86°'821 —
ivreel —
zoe'gel —

Lie°861 —

[ppm]

]

50

100

150

200

21



i

o

o

—non

OMe

€60

@
@
-

k

o
<
o
1

0 [ppm]

servl —

288l —
89L've —

069'9F —

68l'ee —

LOE'ELL ——
v2ogLl —

2ee'82l —

80LveEL —
zieLel —

Liv'8gl —

[ppm]

]

50

100

150

200

22



OnBu

J

I

00|
o
T

|

i

1

i

[

<O
t=1
e

T

0 [ppm]

vles—

legel —
682'61 —_
16961~

ze9'Le —

LG2°99 —
822°0L—

6LL'oL —

peLZLL —

8lg'ivl —

[ppm]

]

50

100

150

200

23



OnBu

T
o
&
mh=d
[ Loes—
] £06'ZL ——
S9°¢€ | 9ggeL —
68261 —
152
D WYLz
69 | 089’18 —
™
0% |
[ PI6'69 —~_
A 16€'99 —
vez
Tt
(¥4
=
00| 188°10L —
10 |
Z0L 890°921 =,
051921~
[~ @
[~

[ppm]

]

50

24

100

150

200




]

J

<
t=1
o

10|
[=4
P

I=3
S
—

||

88

|

3

)

0 [ppm]

S60°L—

6zL'gl —

ovSOp ——
evL Ly —

£€02°09 —

vio'eL —

§09'96 —

[ppm]

]

50

100

150

200

25



2800 —

o
N
~
L
~ T

OTBS
SI-3

MeO,C

I

T

o

&

(75 B
[EES
]
8Lz |
i
A

™

d

il

<0
o)

|

sl —

voe'8L —

oL6'sz—
9982 ——
0018 ——
v1928 —
S8Lpe

L

928'lg ——

bLL'es —
0€2'€8 —

I

622'2¢1 —— —

LyeeL —

488'9LL — 1

[ppm]

]

50

100

150

200

26



L

L |

Br

M902C

Sl-4

E

00°L

0 [ppm]

666°LG —

88v'6s —

gog'ZeL
o6 el —

0lg'9Ll —

[ppm]

]

50

100

150

200

27



-

L

MeOzC

17

L

0 [ppm]

AL T A
05418 ——
sarze—

192’66 —

€66°1G —

20v'6s —

ova'zeL
ceezel —

ver'aLl —

[ppm]

]

50

100

150

200

28



21

)
b
o
=

|

ol |ea o
=/ 0] ©
=l e o

g

i

1=
<
-

0 [ppm]

szrzL
ZerzL ——
eeviL
ZoLLL W/.
sirzL—
6861 —
olevz—

19626 —

18698 —

§26'621 ——
9z9'0eL

|

[ppm]

]

50

100

150

200

29



L]

23

0 [ppm]

F 196G~
€829~
PBO'GL —,
L 10261 ——
96v'6L —_
001 06861 —7
o0t | 69¢°0Z —/
g5o | vmo.ou -

3 992°08
p—e 0z8 08—
081 | 6867 —
ol okl
150 [ o
e 6L9°0F

£86'09
| c66 09—
A
Z50
T 0LE'SL—
T SLL9L =
550 9860L —F
— 861°LL
£0°0 | esl'8L
1001«
b0 |
710 |
F £68'66—
=51 282201
$00] 2z1°601
L ez 60l —
Z0 6v0°5Z1
200 go1'szl —
S9G°pEL
e soLvel—
F 98801
lerapl—
[~

[ppm]

]

i

50

I

100
30

| 1

150

200




Product Spectra

L

EtO

MeO

Ppm

j

%61
—
—06°T

82Zvl —

665°CLL —

L0L°LEL —~—
ivz'gel —

SeVeLl —

[ppm]

0

50

100

150

200

31



HMQC

A

HMBC

: | . . :
2 F2 [ppm]
|

HMBCGP

¢

32

3 2 F2 [ppm]

F1 [ppm]

100 80 60 40

120

F1 [ppm]

50

100



F1 [ppm]

T
2

NOESY
| |
¥
1 '3
T
] .
b
4 g
o
¢
o
: |
R
] é%a
] AL . :
D T : T B : T T
7 6 5

F2 [ppm]

(]

33

F2 [ppm]

F1 [ppm]

25

3.0



ppm

=IT'0

ZLVZLL —

[ppm]

0

50

100

150

200

34



35

HMQC
] )
— %& —§
U L S T L LA R R EL R B R | !
5 2 F2 [ppm]
(|
HMBC
| J.L_‘.h R
— -] 9 @
— ] N -] -] :1"--nu= ]
- . 8 'S;,” . ,3;“35‘5’ S .
e ] 0 -3 u@
] ) n...w o §0 = R
° « L-3
— T © ¢ o= o )
e CR -
T T T T T T LA I L B B L
4 2 F2 [ppm]



NOESY

[wdd] 14 z e 14 ] 9 L

o b b b b b Ly
&

F2 [ppm]

36




Ppm

™ IT'1T

8L10LL——

|

I

|

[ppm]

0

50

100

150

200

37



Ppm

SL'T
£€1°€

0"

m

o
m
o

0z ¢

L0°T

154

=00°T

22%'22—7

aleer —

vi809 —
L0299 —

56969 —
£e6’eL —

£88'621 —

899'¢rl —

|| I{ ] Nl{ “

}

|

[ppm]

0

50

100

150

200

38



i
o

Ppm

ST°€
L9°2

ZG°€
Lz 'z
¥0°¢
9z'0
Z

E

&

€6°0
¥T°0
IZ'0
SL'T

|

©
(=]
o

66°0
I1'0
76"

il

.

:

:

00

959°St
989°St
§L2°9% -
96109
92209
92169
90Z'¥9
0e"29
8829
¥99'9L
eLree-

T

ZLEPolL —
oveE POl —
208'P01L —

peL LLL —

N

A}

1

M

[ppm]

0

50

100

150

200

39



HMQC

[wdd] 14

0z or

T
F2 [ppm]

AR

HMBC

Aa

[wdd] 14 05 00l
|

M

: : T
i : -.W
. i o
- L3 R -
[ T
8% m < % i
] n.ﬂ & L
@M . =Q
: 0 . . , L
8 § a -
a oF 8 : - o
: 1]
. cm -
nw o% [} ”o L
a - |
. — ™
& o 0 I
§Tg O b I
& o ° Q L
: o -
o o
: n o
A |
I

40



NOESY

ok

lu_x

A

41

F2 [ppm]

F1 [ppm]

2



08L°0
6€8°0
8G0°T
G90°T
690°T
LLO'T
L6T"T
602°T
T2z 1
LTz 1
6€C°T
TG6Z°1T
T09°T
919°'1
Fe9" T
GZE"T
62€°C
LEE T
ove" e
vcv e
Lev ¢
6E0°€E
6ET"E
961" €
981°¢€
0€z €
v e
SvZ €
8GZ ¢
0GE €
GGE'E
99¢€g°¢€
¥o0° ¥
990
890°¥
9L0°F
8L0° ¥

080" %
¥80° ¥

960"V
SOT" ¥
LIT ¥
80€°L
T L
T L
TZe" L
ZzeL
Gze L
¥69° L
669" L
Z0L° 4L
S0L"L
LOL L
€TL°L

Ppm

|

098221 —~_
965621 ——

[ppm]

0

I

50

ﬂ

42

100

150

200




OnBu

OEt

12

e

ppm

00°T
Z6°0
S0°T
LT

ST”

b

o

0
o
—

90
~ LT°0
€1°0

o

ﬁr

w0
o
o

60°0

£2°0
LT
8%'0
£2°0

sl

ﬁ

©
o
o

L

6

o
v|o
olo

80"

o

:

zz”

Zve09
91199
88679
822°99
862°99
861'89 -
5v9'96 |

629'101

gL Lol -

189°GLL —
89L'GLL —
£08'GLL —
£e8'sLl —

Ll \ '\

|

[ppm]

0

50

100

150

200

43



OEt

\

SI-5

L |

|

2 e
£87 |

|

o)
03
o

=
#
il

LL

]
N
-

(]

=

0 [ppm]

L06°€L —~_
8827l —

oLL62 ~
S66°08 —

vi6Le —

S80Sy —

08109 —

peg L9,
666'L9 —

1

S06'GLL — —

[ppm]

]

50

100

150

200

44



(44 ]
8¥8°0
GL8'0
Z88°0
Z86°0
T66°0
¥00°T
TI0°T
GEO'T
8E0°T
¥G0°T
8G0°T
€L0°T
8L0°T
€60°T
S60°T
80T"T
8TIT'T
621°1T
6ET°T
0GT"T
TET'T
6v¥Z'1

L97° 1A

L8T°T
€67°1T
T T
8Z¢€°T
¥86°T
TL8'T
€€6° T
881°C
T61°C
¥61"C
TeT ¢

¥k T

L60° ¥

20T v
STT ¥

0zt ¥
S6T" ¥
€1T°¥

798 ¥4

L88°F
GGZ L
€LT L
68T L
Gze L
SvE"L
€9€°4L
T0% "L
8TF L
kL
268k L

ppm

FE'T
€6°0

—ts U

—s8t'a

€6°0

\LZ'0

821°821
081621
812'S21
086'S21 —~=

v8LGYL —
G98'sPL —

LeS'SLL —~_
020°9L1L —

il

50

|

[ppm]

0

100

150

200

45



HMQC

L

h‘li

20 F1[ppm]

40

S s s s s
100 80 60

T
120

T
0 F2 [ppm]

HMBC
..&L il ak
LE
o
4 2
E 20 =
3 ° ° r
_] 9 L8
g .:Q. . %u :
-8
— voﬁoa. v ...B I
b _ »
e
s g I
: | r : . | : .
6 2 F2 [ppm]

46



NOESY m
P .I.L .

>

F1 [ppm]

'
N
) ‘ § ! LK Eeﬁwf:g o
2 ¢ ! yd}-@;
] 0 |
< . . 0. .09 ;‘: .
: & L s
oy :
o .

SN S S S S S A S
4

1
4
@b 4 “,‘pa o
’ i
A|'
w0
2
.|h|
0
. oo ~
'E 0y
(I
T T T T T T T
3 2 F2 [ppm]
O

| .
4 3 2 F2 [ppm]

47



90T ¥
6TT ¥
[ 2"
LET ¥
12087
6GT ¥
6L0°G
180" G
£L80° G
060" G
Z0T° G
G0T G
80T G
ZTT° 5
LTT 6
1216
GZT" G

0€T" 64
vy G

OEt

EtO

16

ppm

LG'0

Ea

il | I’

|

J

18221
896721 -
£66'ZLL

i

|

i

[ppm]

0

50

100

150

200

48



EtO

SI-6

Ppm

8zl —

9£9'66 —~—

§19'96 —

285°1EL —~,_
§26'1EL —

!

|

|

1

|

L

[ppm]

0

50

100

150

200

49



GE6 "
GE6”
9v6”
Lve”
¥G6”
866"
996°
0ot
Fot”
TLT®
PLT®
GEE”
69¢E”°
68E"°
96€”
€16°
6EL”
SvL”
0GL”
€GL°
9GL”
0oL’
Q9L
0LL”
LLL”
08L”
986°
266"
966"
L00"
£v0°
¥G0°
Gze”
622"
9€T”
Tve”
08%”
G8% "
T6b”
G6b”
Z06”
L0G”
66Z°
¥oz”
Z0¢g”
0g6”
LEG”
6E6°
6’
6v6°
£€66°
196"
G96°
996"

NN NN ANNNNNNN AT A A AA A AT A A A A A AA AT A A A A1 OO0 OO0 OO

ot

MeO,C

0.0 ppm

1.5 1.0 0.5

3.5 3.0 2.5 2.0

.0

4.5 4

.0

7.5 7.0 6.5 6.0 5.5 5

.0

8.5 8

9.0

00" €

—00°¢
=1Z°0
08°T

P09'L21
POL L2 —7
vieLzlL —

8EG'ZLL o
£66'eLL ——
628 LLL —7
pIyLLL~

[ppm]

T
100

T
150

T
200

50



00z°T
0Tz T
12T
68z T
G671
90€°1T
TIe°T
GTE"T
zzeT
9ze" 1
TeE'T
LEE'T
Zve'T
ove"T
€6€°T
8GE"T
GoE" T
L9€°T
€LE°T
6LE°T
98€°T
88€"T
00%°T
bob T
€Ly T
8Ly T
98T
b6b T
L6v°T
005°T
0L5°T
€85°T
065°T
€09°T
8€9 T
99" 1T
869" T
G99 T
9TL'T
124 T
8zL T
geL T
ovL T
v6L T
508" T
ATHT
p18° 1
97z €
gez €
g6z €4
G8e "€
gee ¢
1Ty e

Tey el

HO

I

SI-7

d

ppm

—87'T
ZL's
—~ET°€
€2°9

21§82 —
0062 —
6EP'EE ——
14866 —
SPOLE

12987 ——
8ZE0§ —

8pe'ss —

04869 —
18569 —

Al

|

50

i

l

[ppm]

0

100

150

200

51



HMQC

[wdd] 14 o2 or

[ T SN TN AN T TN T NN SO N

F2 [ppm]

T

'

[wdd] 14

09 08

NI

F2 [ppm]

3.0 25 20 15

35

52



O

HMBC
3
a
&
Fn
Lo
2 «
J— b € o Ee
JE— -] . II. ® & W 2
—_— ] : 09%%%"- °
i g
— %o 2 wooe,
— ® oo agp
-8
] [
] -] fon
-8
-8
- &
8 ] -
]
-8
|
T T T T T T T T T
7 6 5 4 3 2 F2 [ppm]
O

30 F1 [ppm]

70

. ® % .
g6 L e
0@ @ b @@ ©
09 @ B 90,
0 ‘
@@ E30 60
e.ls 3.Io 2.|5 2.Io 1|5 I F2I[pme]

53

40

50

60



NOESY

[wdd] 14 ol gl 0z ¥ oe ge

F2 [ppm]

25 20 15

3.0

35

54



OnBu

Ppm

(=]
o~
Al

88L'cL

L99'6€

I

w |

t

ﬂ

[ppm]

0

50

100

150

200

55



£
8
oy
o
Fo
n
Fo 8rL bl ——
608'8L —_
: 2L0'1Z —=
Lo JeLo 626’12~
< /8T 0
B /A
L2 /5570
“ Tfe00 )
o =/90°0
Fe 5670
=s0°0
w TP 0 :
[ S\ECT O .
670 688°09 —
Lo Yeeo
o NPT 0
o \E0°D
£ olg8L—
m
o
< —"Fn
65°0
w =000
o _veo
NG00
o
S
|5
0
o
Fo
|5
©
o
Fes
|5
-— Ll . —
PBLZLL
_.n_u._ ° 8LI'PLL ——
r =O i
- N P o
o < © ®
[
s o
o= »n E o
I L

[ppm]

]

50

56

100

150

!

200




829"
TES”
¥Go”
LG9”
£68°
G06°
816"
0€6 "
986°
766"
T00"
600"
910"
¥zo”
620°
veQ”
6€0°
Tv0”
8L0"
G80°
760"
S60°
L6e0”
vvee
96z
89"
GG "
09% "
£9%°
TLw”
LL¥w”
¥8¥ "
GEG”
AN
96G”°
69G°
vLG”
019"
976"
ST€g"
6TE"
24
6ZE"
910"
TZo”
¥ot-
oTtT"
91T’
(44
PET”
£GT"
sotT”
TLT”
€8T°

NAdAdAdAdAddAdAdddAdAdddAdAdAAdAdAd A AdAdAddddd 110000000000

Lokl

|

0.0 ppm

1.0 0.5

HE

1.5

i et

4

8.5 8.0 .5 7.0 6.5 6.0 5.5

9.0

0T'0
960
GT'0
91T
¥Z'G
92°0
1€
L6°T
8% C
€T1°0
IT'0
90°'tT
660
£€8°T
L0°0
L0°0
Z0°

2

G0°0
Z6°0
TT'0
002
L0°0

i |

802'vLl ——
206'GLL —

l

[ppm]

0

50

100

150

200

57



ppm

VST Gl -
61E°61 |

L

d

l

l

Jl

|

50

|

J

|

"

|

l

[ppm]

0

100

150

200

58



;
3
=

E
&
¥

v16'60L
850°0L1

AL

50

|

280 LrL —

6LL'ZLL
0BG €Ll —=
002'PLL
008'PLL —~

J

[ppm]

]

100

150

200

59



HMQC

1

HMBC

O
|]|[ " [ il ILLJII all k.l sl
a _E‘
— %: g ‘ L&
— d%% rE
R @m@éﬂ ¢ o
== e by g
_— an o, & s -
] . @
p— @%ﬁﬁ e
. -8
) o ’
) - )
-8
——— & <o Q
-8
g s
' ]
%
L T T T T e
7 4 3 2 1 F2 [ppm]
O
(Ill . |
WQ nv B .ﬁ'."" [y ; ¢
@ 870y " L0

i | J ‘ \I ‘ HLHHLH

- ofm R

0.0

BEcokiiia f
o

n o

a cgoﬂ ngps %

60

F2 [ppm]

F1 [ppm]

100 50

150



NOESY
M,
~E
: , g
' =
» Q
“ B
a'l
— 1 i
- ! (
—] o
=
— : : .
: : c;w
: : et L«
- . : m"@ 1
— ‘ 1 r
. : ‘ L
Iy -
¢! -
—|, ¢
O : )
—— T 7T T — — f——T——
7 6 5 4 3 1 F2[ppm]
O
W

61

T
1

F2 [ppm]




MeO

27

LI

0 [ppm]

22T vL —~—
0ee'pL —

ePoELlL —

vrL LTl
YL izl —

6LLLEL —~_
998l —

2047261 —,
092261~

[ppm]

]

50

100

150

200

62



