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General Experimental Procedures. All reactions were carried out under nitrogen except noted.
Anhydrous dichloromethane (CH,CI,) was distilled from calcium hydride. Tetrahydrofuran (THF)
was distilled from sodium-benzophenone ketyl, and anhydrous toluene was prepared from sodium.
Flash column chromatography was performed as described by Still (Still, W. C.; Kahn, M.; Mitra, A.
J. Org. Chem. 1978, 43, 2923-2925), employing Qingdao Haiyang silica gel 60 (200-300 mesh).
TLC analyses were performed on EMD 250 um Silica Gel HSGF,s4 plates and visualized by
quenching of UV fluorescence (Amax= 254 nm), or by staining ceric ammonium molybdate,
ammonium molybdate, or potassium permanganate. *H and **C NMR spectra were recorded on a
Bruker-500, 400 spectrometer. Chemical shifts for *H and **C NMR spectra are reported in ppm ()
relative to residue protium in the solvent (CDCljz: 6 7.26, 77.00 ppm;) and the multiplicities are
presented as follows: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. High-resolution

mass spectra (HRMS) were acquired on a waters GCT premier.

| Ketone 11+11° (dr = 1.2:1). To a round-bottom flask equipped with dry LiCl (1.32 g, 31.1

Me mmol, 2.3 equiv.) was added CuBr-DMS (6.40 g, 31.1 mmol, 2.3 equiv.) and dry THF (70
© mL) under nitrogen. The mixture was stirred at 25 °C until the suspension turned to be a
homogeneous phase. To the above mixture was added a solution of allylmagnesium bromide (1.0 M
diethyl ether solution, 27 mL, 27.0 mmol, 2.0 equiv.) at -78 °C. After stirring for 1 hour, a solution
of 2-methyl-2-cyclopenten-1-one (1.30 g, 13.5 mmol, 1.0 euiv.) in THF (5 mL) was added and the
mixture was stirred at -78 °C for 3 hours. Then saturated NH,Cl (20 mL) was added at -78 °C to
quench the reaction. The mixture was extracted with diethyl ether (50 mL x 3 ), the organic layer
was washed with brine (50 mL x 3), dried over anhydrous magnesium sulfate, filtered, concentrated,
and purified by silica gel column chromatography (2~5% diethyl ether - petroleum ether) to give
ketone 11+11° (1.80 g, 96%) as a mixture of inseparable diastereomers as colorless oil: Rf = 0.47
(10% ethyl acetate - petroleum ether); *H NMR (400 MHz, CDCl3) & 5.81 — 5.73 (m, 2H) (11+11°),
5.07 — 4.99 (m, 4H) (11+11°), 2.41 — 2.28 (m, 4H) (11+11°), 2.19 — 2.01 (m, 6H) (11+11°), 1.91 —
1.82 (m, 2H) (11+11°), 1.76 — 1.31 (m, 4H) (11+11°), 1.03 (d, J = 6.8 Hz, 3H) (11), 0.97 (d, J = 6.8
Hz, 3H) (11°); *C NMR (100 MHz, CDCls) & (221.6) 221.0, (136.6) 135.7, 116.6 (116.2), 49.6
(46.9), 44.3 (39.4), 38.2 (37.2), (35.7) 33.6, (26.7) 24.9, 12.5 (9.6) ppm; MS (m/z): EI [M] calcd for

CsH140 138.10; found 138.0 (36%), 123.0 (6%), 97.0 (62%).
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Triene 22+22’ (dr = 1:1). To benzyl ether 20 and 20’ (19 mg, 0.045 mmol, 1.0 equiv.)
was added Grubbs 11 (4 mg, 0.0045 mmol, 0.1 equiv.) in degassed CH,Cl, (1 mL) at

o 40 °C under nitrogen. The mixture was stirred for 12 hours. The solvent was removed
o under reduced pressure. The residue was purified by silica gel column
chromatography (5% ethyl acetate - petroleum ether) to give triene 22 and 22’ (15 mg, 79%) as a
mixture of inseparable diastereomers as colorless oil: Rs = 0.47 (10% ethyl acetate - petroleum
ether); *H NMR (400 MHz, CDCl3) 6 7.40 — 7.26 (m, 10H) (22+22°), 5.80 (s, 2H) (22+22’), 5.27 (s,
2H) (22), 5.22 (d, J = 48 Hz, 2H) (22°), 5.06 (d, J = 5.6 Hz, 2H) (22+22°), 4.53 (s, 4H) (22+22"),
4.18 (s, 4H) (22+22°), 4.00 — 3.80 (M, 8H) (22+22’), 3.08 (g, J = 9.2 Hz, 2H) (22+22’), 2.52 — 2.40
(M, 2H) (22+22°), 2.36 — 2.24 (m, 2H) (22+22’), 2.22 — 2.10 (m, 2H) (22+22’), 1.91 — 1.79 (m, 8H)
(22+22’), 1.79 — 1.71 (m, 4H) (22+22°), 1.67 (s, 6H) (22+22’), 1.60 (s, 6H) (22+22°), 1.04 (s, 3H)
(22%), 0.99 (s, 3H) (22); **C NMR (100 MHz, CDCls) & (146.7) 146.6, 139.5 (2 C), 138.5 (2 C),
131.6 (131.5), 128.3 (4 ¢), 127.8 (4 ¢), 127.5 (4 ), 123.5 (2 C), (120.4) 120.0, (113.6) 113.2, (71.9)
71.9, 64.3 (63.9), 63.3 (63.2), 47.7 (47.6), (46.5) 46.1, (41.0) 40.7, (37.2) 36.7, (31.8) 31.7, (31.4)
31.3, (31.0) 30.2, (29.7) 29.5, 25.8 (2 C), 25.6 (25.4), 17.9 (2 C), (16.6) 16.2 ppm; HRMS (m/2):

Exact mass calcd for CogH4003 [M]': 436.2977; found 436.2979.

ve Diene 26+26° (dr = 1.5:1). To a solution of diisopropylamine (162 pL, 1.15 mmol, 1.4

" equiv.) indry THF (4 mL) was added n-BuLi (1.6 M THF solution, 0.7 mL, 1.06
[¢]
Lo

the above mixture was added olefin 25 (204 mg, 0.82 mmol, 1.0 equiv.) in THF (0.5 mL), and

mmol, 1.3 equiv.) at -78 °C under nitrogen. The mixture was stirred for 30 minutes. To

4-bromo-1-butene (100 pL, 0.98 mmol, 1.2 equiv.) dropwise at -78 °C. The mixture was stirred for

2 hours at 25 °C. Water (5 mL) was added to quench the reaction and the mixture was extracted

with ethyl acetate (10 mL x 3). The combined organic layer was dried over anhydrous magnesium
sulfate, filtered, concentrated, and purified by silica gel column chromatography (10% ethyl acetate
- petroleum ether) to give diene 26 and 26’ (203 mg, 82%) as a mixture of inseparable

diastereomers as colorless oil: R = 0.29 (10% ethyl acetate - petroleum ether); *H NMR (400 MHz,
CDCls3) § 5.83 — 5.68 (m, 2H) (26+26), 5.50 — 5.40 (m, 2H) (26+26°), 5.38 — 5.26 (m, 2H) (26+26"),
5.14 — 4.99 (M, 4H) (26+26), 4.14 — 3.78 (m, 8H) (26+26’), 2.93 — 2.78 (m, 2H) (26+26’), 2.30 —
2.16 (M, 4H) (26+26°), 2.08 (t, J = 8.4 Hz, 2H) (26+26”), 1.92 — 1.84 (m, 4H) (26+26°), 1.85 — 1.65
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(m, 12H) (26+26), 1.60 (d, J = 6.4 Hz, 6H) (26+26), 1.37 — 1.25 (m, 2H) (26+26°), 1.11 (s, 3H)
(26), 0.93 (s, 3H) (26°); *C NMR (100 MHz, CDCls) § 136.6 (2 C), (128.8) 128.8, 124.6 (124.5),
123.9 (123.4), 119.6 (119.0), 116.0 (116.0), (63.8) 63.8, 63.1 (62.9), (46.8) 46.3, 37.8 (37.8), (34.4)
33.7,31.9 (31.5), (31.0) 30.9, (27.7) 27.5, (25.4) 25.4, 25.4 (25.1), (15.4) 15.3, 12.9 (12.9) ppm;
HRMS (m/z): Exact mass calcd for C19H2oNO, [M]*: 303.2198; found 303.2200.

ve Aldehyde 27+27’ (dr = 1.5:1). To a solution of diene 26 and 26’ (142 mg, 0.47 mmol,
1.0 equiv.) in dry PhMe (3 mL) was added diisobutylaluminum hydride (1.0 M PhMe

solution, 0.6 mL, 0.56 mmol, 1.2 equiv.) at -78 °C under nitrogen. The mixture was
stirred for 2 hours at -78 °C. Potassium sodium tartrate solution (3 mL) was added to quench the
reaction and the mixture was extracted with ethyl acetate (10 mL x 3). The combined organic layer
was dried over anhydrous magnesium sulfate, filtered, concentrated, and purified by silica gel
column chromatography (10% ethyl acetate - petroleum ether) to give aldehyde 27 and 27’ (123 mg,
87%) as a mixture of inseparable diastereomers as colorless oil: Rf = 0.29 (10% ethyl acetate -
petroleum ether); *H NMR (400 MHz, CDCl3) § 9.55 (d, J = 3.6 Hz, 1H) (27), 9.37 (d, J = 3.6 Hz,
1H) (27°), 5.84 — 5.70 (m, 2H) (27+27°), 5.50 — 5.48 (m, 2H) (27+27), 5.36 — 5.24 (m, 2H)
(27+27°), 4.98 (dd, J = 18.3, 13.9 Hz, 4H) (27+27°), 3.98 — 3.71 (m, 8H) (27+27°), 2.78 — 2.61 (m,
1H) (27), 2.61 — 2.45 (m, 1H) (27°), 2.19 — 1.96 (m, 8H) (27+27’), 1.97 — 1.74 (m, 8H) (27+27"),
1.74 — 1.64 (m, 4H) (27+27°), 1.61 (d, J = 6.8 Hz, 6H) (27+27’), 1.50 — 1.17 (m, 8H) (27+27’), 0.89
(s, 3H) (27°), 0.82 (s, 3H) (27); *C NMR (100 MHz, CDCls) & 205.6 (205.4), (137.8) 137.8, (129.1)
129.0, 124.4 (2 C), 119.6 (119.1), (115.2) 115.1, 63.9 (63.3), 63.1 (62.6), 47.0 (47.0), 46.9 (46.8),
(46.6) 45.6, 35.2 (34.1), 32.1 (31.7), (31.5) 31.1, (30.9) 30.8, (27.7) 27.6, (25.5) 25.2, (16.6) 15.6,
12.9 (2 C) ppm; HRMS (m/z): Exact mass calcd for C19H3003 [M]": 306.2195; found 306.2196.

ve Dienyne 28+28° (dr = 1:1). To a solution of aldehyde 27 and 27’ (58 mg, 0.19 mmol,
1.0 equiv.) in MeOH (1 mL) was added dimethyl (1-diazo-2-oxopropyl) phosphonate

(73 mg, 0.38 mmol, 2.0 equiv.), anhydrous potassium carbonate (79 mg, 0.57 mmol,
3.0 equiv.) at 25 °C. The mixture was stirred for 4 hours at 25 °C. The solvent was removed under
reduced pressure and the residue was added ethyl acetate (10 mL) and water (10 mL). The organic

layer was separated and the water layer was extracted with ethyl acetate (10 mL x 2). The combined
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organic layer was dried over anhydrous magnesium sulfate, filtered, concentrated, and purified by
silica gel column chromatography (2~4% ethyl acetate - petroleum ether) to give dienyne 28 and

28’ (56 mg, 98%) as a mixture of inseparable diastereomers as colorless oil: Rf = 0.51 (10% ethyl
acetate - petroleum ether); *H NMR (400 MHz, CDCl3) & 5.87 — 5.74 (m, 2H) (28+28’), 5.52 — 5.26
(m, 4H) (28+28’), 5.11 — 4.89 (m, 4H) (28+28’), 4.02 — 3.79 (m, 8H) (28+28’), 2.79 — 2.56 (M, 2H)
(28+28), 2.30 — 2.10 (m, 6H) (28+28’), 2.05 (dd, J = 8.0, 2.4 Hz, 2H) (28+28’), 1.97 — 1.62 (m,
14H) (28+28’), 1.59 (d, J = 6.8 Hz, 6H) (28+28’), 1.58 — 1.42 (m, 4H) (28+28), 1.34 — 1.20 (m, 2H)
(28+28%), 1.08 (s, 3H) (28), 0.95 (s, 3H) (28°); *C NMR (100 MHz, CDCl3) & 138.3 (138.3), (129.5)
129.4, 124.2 (124.1), (120.0) 120.0, 114.7 (2 C), 89.8 (89.6), 69.1 (68.7), (64.5) 64.0, (63.7) 63.5,
(47.6) 47.4, 46.4 (44.6), (40.7) 40.5, (36.8) 36.5, (32.5) 32.3, (31.4) 31.1, (28.4) 27.9, (26.3) 25.8,
(25.4) 25.1, (16.5) 15.4, (13.0) 12.9 ppm; HRMS (m/z): Exact mass calcd for CxoHz00; [M]":
302.2246; found 302.2245.

Diene 21+21’ (dr = 1:1). To a mixture of dienyne 28 and 28’ (21 mg, 0.069 mmol, 1.0

equiv.) and Grubbs 11 (6 mg, 0.0069 mmol, 0.1 equiv.) was added degassed CH,Cl, at

40 °C under nitrogen. The mixture was stirred for 12 hours. The solvent was removed
under reduced pressure, and purified by silica gel column chromatography (2% ethyl
acetate - petroleum ether) to give diene 21 and 21” (14 mg, 78%) as a mixture of inseparable
diastereomers as colorless oil: Rs = 0.59 (10% ethyl acetate - petroleum ether); *H NMR (400 MHz,
CDCls3) § 6.10 — 6.00 (m, 2H) (21+21°), 5.73 — 5.60 (m, 2H) (21+21°), 5.68 (dt, J = 13.7, 4.5 Hz, 1H)
(21), 5.29 (dt, J = 13.7, 4.5 Hz, 1H) (21°), 4.01 — 3.79 (m, 8H) (21+21°), 3.30 — 3.22 (m, 1H) (217,
3.05—2.96 (m, 1H) (21), 2.76 — 2.66 (M, 1H) (21), 2.48 — 2.36 (m, 1H) (21°), 2.23 — 2.10 (M, 8H)
(21+21°), 1.94 — 1.69 (m, 10H) (21+21’), 1.68 — 1.56 (m, 4H) (21+21’), 1.56 — 1.36 (M, 4H)
(21+21%), 1.36 — 1.12 (m, 4H) (21+217), 0.98 (s, 3H) (217), 0.82 (s, 3H) (21); *C NMR (100 MHz,
CDCl3) & 147.1 (147.1), 134.6 (132.4), (128.8) 126.7, (126.4) 124.4, (121.7) 120.1, 65.3 (65.2),
64.1 (2 C), 47.8 (2 C), (47.1) 46.1, (41.9) 41.5, (39.2) 38.5, (38.0) 37.8, (36.0) 33.3, (32.9) 32.6,
(30.2) 30.0, (27.6) 27.2, 18.8 (14.6) ppm; MS (m/z): EI [M] calcd for C17H240, 260.18; found 260.0
(32%), 198.0 (9%), 141.0 (47%).
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Ester 29+29’ (dr = 1:1). To a mixture of dienyne 28 and 28’ (46 mg, 0.15 mmol, 1.0
equiv.) in dry THF (0.8 mL) was added n-BuL.i (1.6 M THF solution, 190 uL, 0.30

mmol, 2.0 equiv.) at -78 °C under nitrogen. The mixture was stirred for 30 minutes. To
the above mixture was added methyl chloroformate (19 uL, 0.24 mmol, 1.6 equiv.) dropwise at -78
°C. The mixture was stirred for 0.5 hours at -78 °C and for further 0.5 hours at 25 °C. Water (1 mL)
was added to quench the reaction and the mixture was extracted with ethyl acetate (10 mL x 3). The
combined organic layer was dried over anhydrous magnesium sulfate, filtered, concentrated, and
purified by silica gel column chromatography (2~5% ethyl acetate - petroleum ether) to give ester
29 and 29’ (45 mg, 82%) as a mixture of inseparable diastereomers as colorless oil: Rf = 0.42 (10%
ethyl acetate - petroleum ether); *H NMR (400 MHz, CDCls) 6 5.87 — 5.71 (m, 2H) (29+29’), 5.50 —
5.40 (M, 2H) (29+29°), 5.37 — 5.26 (M, 2H) (29+29°), 5.01 (dd, J = 13.7, 11.5, 4H) (29+29°), 4.08 —
3.81 (m, 8H) (29+29°), 3.74 (d, J = 5.1 Hz, 6H) (29+29’), 2.93 — 2.76 (m, 2H) (29+29’), 2.29 — 2.06
(M, 6H) (29+29°), 1.95 — 1.84 (m, 4H) (29+29), 1.80 — 1.67 (m, 8H) (29+29’), 1.60 (d, J = 7.0 Hz,
6H) (29+29°), 1.52 — 1.44 (m, 2H) (29+29°), 1.35 — 1.18 (m, 4H) (29+29°), 1.07 (s, 3H) (29°), 0.94
(s, 3H) (29); *C NMR (100 MHz, CDCl3) & 154.5 (2 C), 137.7 (137.6), (129.2) 129.2, 124.4
(124.3), 119.9 (119.7), 115.2 (2 C), (94.7) 94.7, 73.9 (73.3), 64.3 (63.9), 63.4 (63.4), (52.5) 52.4,
47.3 (47.2), (46.5) 45.1, (39.8) 39.8, 36.1 (35.6), 32.2 (32.1), 31.3 (31.1), 28.1 (27.8), 26.3 (26.0),
25.4 (25.1), 16.1 (15.5), 13.0 (12.9) ppm; HRMS (m/z): Exact mass calcd for C2,Hz,0,4 [M]":
360.2301; found 360.2300.

Alcohol 30+30’ (dr = 1:1). To a solution of ester 29 and 29’ (58 mg, 0.16 mmol, 1.0
equiv.) in dry Et,0 (0.8 mL) was added diisobutylaluminum hydride (1.0 M PhMe

solution, 0.4 mL, 0.40 mmol, 2.5 equiv.) at -78 °C under nitrogen. The mixture was
stirred for 2 hours at -78 °C, and 30 minutes at 25 °C. Potassium sodium tartrate solution (1 mL)
was added to quench the reaction and the mixture was extracted with ethyl acetate (10 mL x 3). The
organic layer was dried over anhydrous magnesium sulfate, filtered, concentrated, and purified by
silica gel column chromatography (20% ethyl acetate - petroleum ether) to give alcohol 30 and 30’
(51 mg, 96%) as a mixture of inseparable diastereomers as colorless oil: Rf = 0.37 (20% ethyl
acetate - petroleum ether); *H NMR (400 MHz, CDCls;) § 5.87 — 5.75 (m, 2H) (30+30°), 5.53 — 5.40
(m, 2H) (30+30%), 5.40 — 5.28 (m, 2H) (30+30°), 5.10 — 4.91 (M, 4H) (30+30°), 4.31 — 4.23 (M, 4H)

S6


app:ds:sodium%20methoxide

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

(30+307), 3.99 — 3.82 (m, 8H) (30+307), 2.81 — 2.73 (m, 1H) (30), 2.70 — 2.62 (m, 1H) (30’), 2.33 -
2.07 (m, 6H) (30+30%), 2.07 — 1.67 (m, 12H) (30+30°), 1.61 (dd, J = 13.1, 6.3 Hz, 10H) (30+30"),
1.56 — 1.46 (m, 6H) (30+30°), 1.31 — 1.20 (m, 2H) (30+30°), 1.06 (s, 3H) (30), 0.94 (s, 3H) (30°);
13C NMR (100 MHz, CDCl5) 5 138.4 (138.3), 129.7 (129.5), (124.5) 124.3, (120.2) 120.1, 114.7 (2
C), (91.6) 91.4, 79.4 (78.9), (64.6) 64.0, 63.7 (63.5), 51.6 (51.5), (47.6) 47.4, 46.3 (44.2), 40.7
(40.6), (36.8) 36.5, 32.6 (32.3), (31.5) 31.3, (28.5) 28.1, (26.8) 26.1, 25.4 (25.2), (16.9) 15.5, (13.1)
13.0 ppm; HRMS (m/z): Exact mass calcd for C;H3,05 [M]": 332.2351; found 332.2352.

ve Benzylether 31+31’ (dr = 1:1). To a solution of alcohol 30 and 30’ (53 mg, 0.16

mmol, 1.0 equiv.) in dry DMF (0.8 mL) was added sodium hydride (57% - 63% oil
5/0 dispersion, 10 mg, 0.24 mmol, 1.5 equiv.) at 0 °C under nitrogen. The mixture was
stirred for 30 minutes at 0 °C. To the above mixture was added benzyl bromide (23 pL, 0.19 mmol,
1.2 equiv.). The mixture was stirred for 30 minutes at 0 °C. Water (1 mL) was added to quench the
reaction and the mixture was extracted with ethyl acetate (10 mL x 5). The combined organic layer
was washed with brine (20 mL x 3), dried over anhydrous magnesium sulfate, filtered, concentrated,
and purified by silica gel column chromatography (10% ethyl acetate - petroleum ether) to give
benzyl ether 31 and 31’ (63 mg, 97%) as a mixture of inseparable diastereomers as colorless oil: R¢
= 0.42 (10% ethyl acetate - petroleum ether); *H NMR (400 MHz, CDCl3) & 7.42 — 7.28 (m, 10H)
(31+31’), 5.90 — 5.79 (m, 2H) (31+31"), 5.52 — 5.29 (m, 4H) (31+31"), 5.11 — 4.93 (m, 4H) (31+31"),
4.60 (d, J = 5.5 Hz, 4H) (31+31%), 4.19 (dd, J = 6.9, 1.9 Hz, 4H) (31+31°), 4.00 —3.85 (m, 8H)
(31+31’), 2.83 — 2.65 (m, 2H) (31+31"), 2.36 — 2.13 (m, 6H) (31+31%), 1.99 — 1.88 (m, 2H) (31+31’),
1.88 — 1.70 (m, 10H) (31+31’), 1.70 — 1.65 (m, 2H) (31+31’), 1.62 (d, J = 6.5 Hz, 6H) (31+31"),

1.59 — 1.49 (m, 4H) (31+31°), 1.35 — 1.22 (m, 2H) (31+317), 1.12 (s, 3H) (31), 0.99 (s, 3H) (31°);

13C NMR (100 MHz, CDCl5) § 138.4 (138.3), 137.8 (137.7), (129.6) 129.4 , 128.3 (4 c), 128.0 (4 ¢),
127.7 (127.7), 124.2 (124.1), (120.1) 120.0, (114.7) 114.7, 92.3 (92.2), 76.8 (76.4), (71.1) 71.0,
(64.6) 64.0, (63.7) 63.5, 57.8 (57.7), (47.6) 47.4, 46.4 (44.6), (40.8) 40.6, (36.9) 36.6, (32.5) 32.4,
(31.6) 31.3, (28.5) 28.0, (26.7) 26.1, (25.4) 25.1, (16.5) 15.5, (13.0) 12.9 ppm; HRMS (m/z): Exact
mass calcd for CgH3s03 [M]": 422.2821; found 422.2824.

S7



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

cH08n  Triene 32+32’ (dr = 8:1) and diene 24. To a solution of benzyl ether 31
and 31’ (18 mg, 0.042 mmol, 1.0 equiv.) was added Grubbs Il (4 mg,
0.0042 mmol, 0.1 equiv.) in degassed CH,Cl; (0.8 mL) at 40 °C under
nitrogen. After refluxing for 15 hours, the solvent was removed under reduced pressure, and
purified by silica gel column chromatography (2% ethyl acetate - petroleum ether) to give triene

32+32’ and diene 24 totally 79% yield.

Triene 32 and 32’ as a mixture of inseparable diastereomers as colorless oil: Rf = 0.42 (10% ethyl
acetate - petroleum ether); *H NMR (400 MHz, CDCl3) & 7.40 — 7.26 (m, 10H) (32+32"), 5.80 (s,
2H) (32+32%), 5.49 — 5.39 (m, 2H) (32+32’), 5.39 — 5.31 (m, 2H) (32+32"), 5.27 (s, 2H) (32), 5.15
(d, J = 48 Hz, 2H) (32’), 4.53 (s, 4H) (32+32’), 4.18 (s, 4H) (32+32’), 4.00 — 3.80 (m, 8H) (32+32’),
3.14 - 3.02 (m, 2H) (32+32’), 2.52 — 2.36 (m, 2H) (32+32"), 2.36 — 2.10 (m, 4H) (32+32’), 2.06 —
1.67 (m, 14H) (32+32’), 1.60 (d, J = 6.7 Hz, 6H) (32+32’), 1.47 — 1.36 (m, 2H) (32+32’), 1.34 —
1.19 (m, 4H) (32+327), 1.06 (s, 3H) (32), 1.01 (s, 3H) (32°); *C NMR (100 MHz, CDCls) & (146.7)
146.6, 139.6 (139.6), (138.5) 138.5, 129.5 (2 C), 128.3 (4 ¢), 127.7 (6 ¢), (127.5) 127.5, 124.2
(124.1), (120.3) 119.9, (113.5) 113.1, (72.0) 71.9, 71.9 (2 C), 64.3 (63.9), 63.4 (63.2), 47.8 (47.6),
(46.2) 45.8, 41.0 (40.7), (37.3) 36.8, (31.8) 31.7, (31.4) 31.3, 31.0 (2 C), 29.0 (28.4), 25.5 (25.4),
(16.7) 16.1, 13.0 (2 C) ppm; HRMS (m/z): Exact mass calcd for CogHss03 [M]": 422.2821; found
422.2820.

Diene 24 as a colorless oil (24 was isolated as a single diastereomer, it’s relative configuration was
not assigned.): Ry = 0.33 (10% ethyl acetate - petroleum ether). *H NMR (400 MHz, CDCls) § 7.39
—7.28 (M, 5H), 5.90 (t, J = 8.2 Hz, 2H), 4.48 (s, 2H), 4.07 (s, 2H), 3.90 — 3.82 (m, 4H), 3.06 (m,
1H), 2.47 — 2.30 (m, 2H), 2.18 (dd, J = 15.1, 10.0 Hz, 2H), 1.93 (dd, J = 15.9, 8.7 Hz, 1H), 1.86 (d,
J=12.0 Hz, 1H), 1.80 — 1.67 (m, 5H), 1.40 (d, J = 13.9 Hz, 1H), 0.96 (s, 3H); **C NMR (100 MHz,
CDCls) 6 146.0, 138.6, 131.5, 130.7, 129.4, 128.3 (2 C), 127.9 (2 C), 127.4, 119.8, 76.1, 71.5, 65.2,
64.2,47.0, 46.9, 40.6, 40.5, 37.7, 33.7, 30.4, 27.5, 26.8, 14.7 ppm; HRMS (m/z): Exact mass calcd
for CsH3205 [M]™: 380.2351; found 380.2349.
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Aldehyde 40. To a solution of nitrile 39 (307 mg, 0.97 mmol, 1.0 equiv.) in CH,CI,
(10 mL) was bubbled with O3 at -78 °C until the system turned to blue, then the

mixture was bubbled with O, until the mixture turned to colorless. To the above
mixture was added triphenylphosphine (507 mg, 1.93 mmol, 2.0 equiv.) at -78 °C. The mixture was
stirred for 15 minutes, then stirred at 25 °C for another 3 hours. The organic layer was dried over
anhydrous magnesium sulfate, filtered, concentrated, and purified by silica gel column
chromatography (20~30% ethyl acetate - petroleum ether) to give aldehyde 40 (272 mg, 88%) as a
colorless solid: Ry = 0.15 (30% ethyl acetate - petroleum ether); *H NMR (400 MHz, CDCls) § 9.68
(d, J = 2.4 Hz, 1H), 3.83 (s, 4H), 2.90 (dt, J = 12.2, 4.2 Hz, 1H), 2.73 — 2.53 (m, 3H), 2.32 - 2.13
(m, 3H), 2.00 — 1.90 (m, 2H), 1.83 (dt, J = 11.9, 4.3 Hz, 1H), 1.72 — 1.64 (m, 1H), 1.63 — 1.50 (m,
3H), 1.02 (s, 3H), 1.00 (s, 3H); *C NMR (100 MHz, CDCls) § 215.4, 200.8, 119.4, 118.2, 63.2 (2
C), 51.8,51.2,48.3,43.5, 38.7, 38.4, 33.0, 32.7, 32.3, 29.9, 18.6, 12.1 ppm; HRMS (m/z): Exact
mass calcd for C1gHsNO, [M]™: 319.1784; found 319.1781.

Olefin 41. To a solution of ethyltriphenylphosphonium bromide (506 mg, 1.36 mmol,
1.6 equiv.) in dry THF (17 mL) was added sodium bis(trimethylsilyl)amide (0.6 mL,

2.0 M solution in THF, 1.28 mmol, 1.5 equiv.) at -78 °C under nitrogen. After
stirring for 20 minutes at 0 °C, to the above mixture was added aldehyde 40 (272 mg, 0.85 mmol,
1.0 equiv.) at -78 °C. The mixture was stirred for 10 minutes at -78 °C, then 20 minutes at 25 °C.
water (20 mL) was added to quench the reaction and the mixture was extracted with ethyl acetate
(40 mL x 2). The combined organic layer was washed with brine (40 mL), dried over anhydrous
magnesium sulfate, filtered, concentrated, and purified by silica gel column chromatography
(10~20% ethyl acetate - petroleum ether) to give olefin 41 (245 mg, 87%) as a colorless solid: R¢ =
0.39 (30% ethyl acetate - petroleum ether); *H NMR (400 MHz, CDCls) § 5.52 — 5.37 (m, 2H), 4.06
—3.88 (M, 4H), 2.48 (d, J = 13.6 Hz, 1H), 2.44 — 2.22 (m, 3H), 2.19 (d, J = 13.6 Hz, 1H), 2.16 —
2.02 (m, 3H), 1.93 (d, J = 11.9 Hz, 1H), 1.82 (dt, J = 7.9, 4.2 Hz, 1H), 1.76 — 1.66 (m, 2H), 1.64 (d,
J=5.9 Hz, 3H), 1.54 (dd, J = 10.4, 4.9 Hz, 2H), 1.07 (s, 3H), 1.01 (s, 3H); **C NMR (100 MHz,
CDCls) 6 216.8, 131.1, 123.5, 119.6, 118.9, 63.9, 63.6, 51.6, 51.6, 49.2, 38.8, 38.6, 38.0, 33.6, 33.4,
30.1, 25.9, 19.6, 13.1, 12.4 ppm; MS (m/z): EI [M] calcd for CyoH29NO3 331.21; found 331.0 (7%),
291.0 (2%), 276.0 (3%).
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Me

[ Alcohol S1+S1’ (dr = 5:1). To a solution of olefin 41 (245 mg, 0.74 mmol, 1.0
S O/ﬁ

o _0 equiv.) in MeOH (4 mL) was added sodium borohydride (168 mg, 4.43 mmol, 6.0
" e equiv.) partially at 0 °C. After the SM disappeared, acetone (1 mL) was carefully
added at 0 °C to quench the reaction. Concentrated, the residue was extracted with ethyl acetate (20
mL x 3). The combined organic layer was dried over anhydrous magnesium sulfate, filtered,
concentrated, to give crude alcohol S1 and S1’(dr = 5:1) (242 mg, 98% without purification) as a
mixture of inseparable diastereomers as colorless oil: Rf = 0.34 (30% ethyl acetate - petroleum
ether); *H NMR (400 MHz, CDCl3) 6 5.54 — 5.44 (m, 2H) (S1+S1°), 5.44 — 5.28 (m, 2H) (S1+S1%),
4.00 — 3.74 (m, 8H) (S1+S1’), 3.71 — 3.47 (m, 2H) (S1+S1°), 2.42 — 2.22 (m, 4H) (S1+S1°), 2.20 —
1.96 (M, 4H) (S1+S1°), 1.92 — 1.73 (m, 12H) (S1+S1’), 1.72 — 1.53 (m, 14H) (S1+S1’), 1.54 — 1.35
(m, 4H) (S1+S1°), 1.16 (s, 3H) (S1), 1.12 (s, 3H) (S17), 0.93 (s, 3H) (S1), 0.80 (s, 3H) (S1°); *C
NMR (100 MHz, CDCls) & (132.0) 131.2, 124.0 (122.7), 121.2 (2 C), (120.6) 119.6, 71.8 (69.1),
64.7 (63.9), 63.6 (63.5), (55.9) 53.6, (40.3) 39.5, (39.2) 39.1, 38.9 (2 C), 38.3(2 C), 37.6 (36.3),
(35.4) 34.5, 32.2 (30.9), (30.4) 30.3, 29.3 (29.0), 21.4 (2 C), (13.2) 13.1, 12.3 (11.5) ppm; MS (m/2):
E1 [M] calcd for CoH3:NO3 333.23; found 333.0 (3%), 316.0 (2%), 278.0 (3%).

Diene 42.5 To the crude alcohol S1 and S1’ (185 mg, 0.56 mmol, 1.0 equiv.) was

added bis[alpha,alpha-bis(trifluoromethyl)benzenemethanolato]diphenylsulfur (597

mg, 0.89 mmol, 1.6 equiv.) (weighted in glove box) in CHCI; (3 mL) under nitrogen.
The mixture was stirred for 6 hours at 25 °C. Concentrated, the residue was purified by silica gel
column chromatography (10~20% ethyl acetate - petroleum ether) to give diene 42 (120 mg, 90%
with recovery of 44 mg SM) as a colorless solid: R = 0.29 (10% ethyl acetate - petroleum ether); *H
NMR (400 MHz, CDCl3) § 5.52 (d, J = 9.8 Hz, 1H), 5.49 — 5.35 (m, 2H), 5.29 (d, J = 9.9 Hz, 1H),
3.98 —3.82 (m, 4H), 2.41 — 2.32 (m, 1H), 2.23 — 2.09 (m, 2H), 1.97 (dd, J = 10.8, 6.9 Hz, 2H), 1.90
—1.81 (m, 1H), 1.81 — 1.71 (m, 2H), 1.71 — 1.66 (m, 1H), 1.65 (d, J = 6.7 Hz, 3H), 1.61 — 1.38 (m,
2H), 1.13 (s, 3H), 0.94 (s, 3H); *C NMR (100 MHz, CDCls) § 136.3, 132.8, 131.8, 123.0, 120.6,
119.4, 63.7, 63.6, 53.4, 40.9, 38.1, 37.5, 36.7, 36.1, 34.4, 30.2, 27.4, 23.3, 13.2, 12.5 ppm; MS
(m/z): EI [M] calcd for CaoH2sNO, 315.22; found 315.0 (2%), 275.0 (2%), 224.0 (11%).
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Triene 43+43’ (dr = 1.5:1). To a solution of diene 42 (95 mg, 0.30 mmol, 1.0 equiv.)
o indry THF (0.5 mL) was added LDA (2.0 M THF solution, 0.2 mL, 0.42 mmol, 1.4

equiv.) at -78 °C under nitrogen. After stirring for 30 minutes, to the above mixture
was added 4-bromo-1-butene (40 uL, 0.39 mmol, 1.3 equiv.) dropwise at -78 °C. The mixture was
stirred for 1 hours at 25 °C. Water (1 mL) was added to quench the reaction and the mixture was
extracted with ethyl acetate (10 mL x 3). The combined organic layer was dried over anhydrous
magnesium sulfate, filtered, concentrated, and purified by silica gel column chromatography (5%
ethyl acetate - petroleum ether) to give triene 43 and 43’ (105 mg, 94%) as a mixture of inseparable
diastereomers as colorless oil: Rt = 0.40 (10% ethyl acetate - petroleum ether); *H NMR (400 MHz,
CDCls) 6 5.36 —5.25 (m, 2H) (43+43’), 5.66 (d, J = 9.9 Hz, 2H) (43+43’), 5.65 — 5.36 (M, 4H)
(43+43’), 5.36 — 5.25 (m, 2H) (43+43’), 5.15 — 4.98 (m, 4H) (43+43"), 3.97 — 3.83 (m, 8H) (43+43"),
2.68 — 2.54 (m, 2H) (43+43’), 2.36 — 2.23 (M, 2H) (43+43"), 2.22 — 2.12 (M, 4H) (43+43"), 2.00 —
1.88 (M, 4H) (43+43’), 1.87 — 1.70 (m, 6H) (43+43"), 1.69 — 1.54 (m, 12H) (43+43’), 1.54 — 1.40 (m,
6H) (43+43’), 1.13 (s, 6H) (43+43’), 0.94 (s, 6H) (43+43"); 1°C NMR (100 MHz, CDCl3) & 136.6 (2
C), 135.1 (2 C), (132.8) 132.7, 132.7 (132.0), 122.9 (2 C), (122.5) 122.4, 119.5 (119.3), 116.0 (2 C),
(63.9) 63.6, 63.5 (2 C), 53.8 (53.1), (42.8) 42.7, 40.8 (40.4), 38.6 (38.4), 38.3 (38.3), (36.8) 36.7,
34.5 (34.4), 33.1 (33.0), (31.0) 30.8, (30.6) 30.2, (28.2) 27.6, (26.5) 25.8, 23.7 (23.5), 13.1 (2 C)
ppm; MS (m/z): EI [M] calcd for C,4H3sNO, 369.27; found 369.0 (2%), 314.0 (2%), 278.0 (8%).

</_Me Aldehyde 44+44’ (dr = 1.5:1). To a solution of triene 43 and 43’ (142 mg, 0.47
CHO
‘ mmol, 1.0 equiv.) in dry PhMe (3 mL) was added diisobutylaluminum hydride (1.0

Me

M PhMe solution, 0.6 mL, 0.56 mmol, 1.2 equiv.) at -78 °C under nitrogen. The
mixture was stirred for 2 hours at -78 °C. Potassium sodium tartrate solution (3 mL) was added to
guench the reaction and the mixture was extracted with ethyl acetate (10 mL x 3), the organic layer
was dried over anhydrous magnesium sulfate, filtered, concentrated, and purified by silica gel
column chromatography (10% ethyl acetate - petroleum ether) to give aldehyde 44 and 44’ (123 mg,
87%) as a mixture of inseparable diastereomers as colorless oil: Rf = 0.29 (10% ethyl acetate -
petroleum ether); *H NMR (400 MHz, CDCls) § 9.59 (d, J = 3.6 Hz, 1H) (44), 9.54 (d, J = 3.6 Hz,
1H) (44), 5.82 — 5.68 (M, 2H) (44+44), 5.60 — 5.20 (M, 8H) (44+44), 4.98 (t, J = 13.8 Hz, 4H)
(44+44), 4.01 — 3.77 (m, 8H) (44+44), 2.56 — 2.50 (M, 1H) (44), 2.50 — 2.44 (m, 1H) (44°), 2.30 —
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2.14 (M, 2H) (44+44°), 2.09 — 1.70 (m, 16H) (44+44’), 1.63 (dd, J = 17.9, 10.7 Hz, 8H) (44+44"),
1.56 — 1.28 (m, 8H) (44+44”), 1.12 (s, 3H) (44°), 1.10 (s, 3H) (44), 0.91 (s, 3H) (44), 0.87 (s, 3H)
(44); *C NMR (100 MHz, CDCls) § 205.7 (205.2), 137.9 (2 C), 134.9 (134.5), 133.6 (133.4), 133.0
(132.7), (122.2) 121.9, 119.6 (119.5), (115.2) 115.2, (63.8) 63.7, 63.6 (2 C), 53.8 (53.5), (47.7) 47.6,
41.0 (2 C), 40.9 (40.6), (39.5) 39.5, (38.6) 38.5, (36.8) 36.6, 34.5 (34.5), (31.0) 30.9, 30.6 (30.5),
30.3 (30.2), (28.0) 27.9, 23.5 (23.5), 13.1 (2 C) ppm; MS (m/z): EI [M] calcd for CpsHss03 372.27;
found 372.0 (2%), 317.0 (1%), 281.0 (7%).

Trienyne 45+45’ (dr = 1.3:1). To a solution of aldehyde 44 and 44’ (44 mg, 0.12

H
// </—Me

W @.

Me

mmol, 1.0 equiv.) in MeOH (0.6 mL) was added dimethyl(1-diazo-2-oxopropyl)
phosphonate (45 mg, 0.24 mmol, 2.0 equiv.), anhydrous potassium carbonate (49 mg,
0.35 mmol, 3.0 equiv.) at 25 °C. The mixture was stirred for 4 hours at 25 °C. The solvent was
removed under reduced pressure and the residue was added ethyl acetate (10 mL) and water (10
mL). The organic layer was separated and the water layer was extracted with ethyl acetate (10 mL x
2). The combined organic layer was dried over anhydrous magnesium sulfate, filtered, concentrated,
and purified by silica gel column chromatography (2~5% ethyl acetate - petroleum ether) to give
trienyne 45 and 45’ (37 mg, 85%) as a mixture of inseparable diastereomers as colorless oil: Rf =
0.54 (10% ethyl acetate - petroleum ether); *"H NMR (400 MHz, CDCls) § 5.89 — 5.67 (m, 4H)
(45+45°), 5.66 — 5.56 (M, 1H) (45), 5.55 — 5.44 (m, 1H) (45), 5.44 — 5.24 (m, 4H) (45+45’), 5.10 —
4.90 (m, 4H) (45+45°), 3.99 — 3.80 (m, 8H) (45+45°), 2.53 — 2.38 (m, 2H) (45+45"), 2.30 — 2.10 (m,
6H) (45+45), 2.06 (dd, J = 19.5, 2.4 Hz, 2H) (45+45), 2.00 — 1.90 (m, 4H) (45+45), 1.88 — 1.70
(m, 6H) (45+45’), 1.61 (d, J = 6.8 Hz, 6H) (45+45’), 1.59 — 1.52 (m, 4H) (45+45’), 1.50 — 1.40 (m,
6H) (45+45%), 1.13 (s, 6H) (45+45%), 0.93 (s, 3H) (45), 0.90 (s, 3H) (45’); °C NMR (100 MHz,
CDCl3) 6 138.4 (138.3), 134.2 (134.0), (133.9) 133.4, 133.2 (132.8), 121.7 (121.6), 119.7 (119.6),
(114.7) 114.6, (89.1) 88.9, 70.0 (69.7), (63.8) 63.7, 63.6 (2 C), 54.0 (53.3), (45.5) 45.4, 40.8 (40.5),
39.6 (39.5), 38.7 (2 C), (36.9) 36.9, 36.0 (35.9), 34.6 (34.5), (31.2) 31.1, (30.7) 30.4, (28.1) 27.9,
(26.7) 26.1, 23.5 (22.9), 13.1 (2 C) ppm; HRMS (m/z): Exact mass calcd for CasHzs0, [M]™:
368.2715; found 368.2717.
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pooMe Ester 46+46’ (dr = 1.3:1). To a solution of trienyne 45 and 45’ (41 mg, 0.11 mmol,

// </*Me

0/7) 1.0 equiv.) in dry THF (0.8 mL) was added n-BuL.i (1.6 M THF solution, 139 uL,

W @.

Me

0.22 mmol, 2.0 equiv.) at -78 °C under nitrogen. After stirring for 30 minutes, to the
above mixture was added methyl chloroformate (14 uL, 0.19 mmol, 1.6 equiv.) dropwise at -78 °C.
The mixture was stirred for 0.5 hours at -78 °C and for further 0.5 hours at 25 °C. Water (1 mL) was
added to quench the reaction and the mixture was extracted with ethyl acetate (10 mL x 3). The
combined organic layer was dried over anhydrous magnesium sulfate, filtered, concentrated, and
purified by silica gel column chromatography (2~5% ethyl acetate - petroleum ether) to give ester
46 and 46’ (45 mg, 96%) as a mixture of inseparable diastereomers as colorless oil: R = 0.42 (10%
ethyl acetate - petroleum ether); *H NMR (400 MHz, CDCls) 6 5.85 — 5.70 (m, 2H) (46+46’), 5.67
(d, J = 9.9 Hz, 2H) (46+46°), 5.54 — 5.24 (m, 6H) (46+46°), 5.00 (dd, J = 26.2, 13.6 Hz, 4H)
(46+467), 3.96 — 3.80 (m, 8H) (46+46°), 3.74 (s, 6H) (46+46’), 2.66 — 2.56 (M, 2H) (46+46), 2.30 —
2.10 (M, 6H) (46+46°), 2.06 — 1.89 (M, 4H) (46+46°), 1.90 — 1.70 (m, 6H) (46+46°), 1.61 (d, J = 7.0
Hz, 6H) (46+46’), 1.58 — 1.38 (m, 12H) (46+46’), 1.13 (s, 6H) (46+46), 0.92 (s, 3H) (46), 0.90 (s,
3H) (46°); *C NMR (100 MHz, CDCl3) 6 154.4 (2 C), 137.7 (137.7), (134.6) 133.9, 133.7 (133.6),
133.0 (132.4), 122.0 (2 C), 119.7 (119.5), (115.2) 115.2, (93.8) 93.8, 75.0 (74.3), (63.8) 63.7, 63.6
(2C),54.0 (2 C), (53.0) 52.4, (44.9) 44.8, 40.8 (40.5), 39.1 (2 C), 38.7 (38.6), (36.9) 36.8, 35.1
(35.0), 34.6 (34.4), (31.2) 31.0, (30.7) 30.4, (28.0) 27.8, (27.0) 26.5, 23.6 (23.3), 13.1 (13.1);
HRMS (m/z): Exact mass calcd for Co7H304 [M]": 426.2770; found 426.2769.

i OQ/_Me Alcohol S2+S2’ (dr = 1.3:1). To a solution of ester 46 and 46’ (47 mg, 0.11 mmol,

W @.

Me

1.0 equiv.) in dry PhMe (0.6 mL) was added diisobutylaluminum hydride (1.0 M

PhMe solution, 0.3 mL, 0.28 mmol, 2.5 equiv.) at -78 °C under nitrogen. The
mixture was stirred for 2 hours at -78 °C, and for 30 minutes at 25 °C. Potassium sodium tartrate
solution (0.5 mL) was added to quench the reaction and the mixture was extracted with ethyl
acetate (10 mL x 3). The combined organic layer was dried over anhydrous magnesium sulfate,
filtered, concentrated, and purified by silica gel column chromatography (20% ethyl acetate -
petroleum ether) to give alcohol S2 and S2’ (44 mg, 100%) as a mixture of inseparable
diastereomers as colorless oil: R = 0.32 (20% ethy! acetate - petroleum ether); *H NMR (400 MHz,
CDCls) § 5.88 — 5.69 (M, 4H) (S2+52’), 5.55 — 5.27 (m, 6H) (S2+527), 4.99 (dd, J = 28.2, 13.5 Hz,
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4H) (S2+S2’), 4.21 (d, J = 5.0 Hz, 4H) (S2+52°), 3.99 — 3.83 (M, 8H) (S2+S2°), 2.72 — 2.45 (m, 2H)
(S2+52%), 2.30 — 2.18 (M, 4H) (S2+527), 2.18 (dt, J = 14.4, 11.5 Hz, 2H) (S2+527), 2.01 — 1.87 (m,
6H) (S2+52°), 1.86 — 1.70 (m, 4H) (S2+S2°), 1.61 (d, J = 5.8 Hz, 6H) (S2+52°), 1.58 — 1.39 (m,
14H) (S2+S27), 1.14 (s, 6H) (52+527), 0.92 (s, 3H) (S2), 0.87 (s, 3H) (S2°); *C NMR (100 MHz,
CDCls) & 138.4 (138.4), 135.2 (2 C), 134.1 (133.6), 133.0 (132.8), 121.8 (121.4), (120.2) 119.8,
(114.7) 114.6, 90.7 (90.6), (81.2) 80.5, (63.7) 63.6, 63.6 (2 C), 54.0 (53.4), 51.6 (51.4), 45.7 (44.2),
40.8 (2 C), 38.7 (38.5), (37.1) 37.0, 36.9 (2 C), (36.0) 35.8, (34.7) 34.6, 31.2 (2 C), (30.7) 30.5,
(28.5) 28.0, (27.4) 26.6, (24.5) 23.9, 13.1 (2 C) ppm; HRMS (m/z): Exact mass calcd for CysH3303
[M]": 398.2821; found 398.2824.

Bn

o]
// </—~Me

W @

Me

Benyl ether 47+47° (dr = 1.3:1). To a solution of alcohol S2 and S2’ (66 mg, 0.17

mmol, 1.0 equiv.) in dry DMF (1.7 mL) was added sodium hydride (57% - 63% oil

dispersion, 10 mg, 0.25 mmol, 1.5 equiv.) at 0 °C under nitrogen. After stirring for
30 minutes at 0 °C, to the above mixture was added benzyl bromide (24 uL, 0.20 mmol, 1.2 equiv.).
The mixture was stirred for 30 minutes at 0 °C. Water (2 mL) was added to quench the reaction and
the mixture was extracted with ethyl acetate (10 mL x 5). The combined organic layer was washed
with brine (20 mL x 3), dried over anhydrous magnesium sulfate, filtered, concentrated, and
purified by silica gel column chromatography (5% ethyl acetate - petroleum ether) to give benyl
ether 47 and 47’ (75 mg, 93%) as a mixture of inseparable diastereomers as colorless oil: Rf = 0.39
(10% ethyl acetate - petroleum ether); *H NMR (400 MHz, CDCl3) § 7.41 — 7.26 (m, 10H) (47+47°),
5.88 — 5.66 (M, 4H) (47+47°), 5.66 — 5.45 (m, 2H) (47+47°), 5.41 (d, J = 9.9 Hz, 1H) (47°), 5.36 (d,
J=10.0 Hz, 1H) (47), 5.32 — 5.23 (m, 2H) (47+47’), 4.99 (dd, J = 29.2, 13.7 Hz, 4H) (47+47"), 4.58
(s, 4H) (47+47%), 4.20 (s, 2H) (47°), 4.17 (s, 2H) (47), 3.94 — 3.76 (m, 8H) (47+47), 2.60 — 2.48 (m,
2H) (47+47°), 2.33 — 2.03 (m, 8H) (47+47°), 2.02 — 1.86 (M, 4H) (47+47"), 1.83 — 1.70 (m, 4H)
(47+47°), 1.61 (d, J = 6.5 Hz, 6H) (47+47’), 1.58 — 1.48 (m, 4H) (47+47’), 1.48 — 1.33 (m, 6H)
(47+47°), 1.13 (s, 6H) (47+47%), 0.94 (s, 3H) (47), 0.91 (s, 3H) (47’); *C NMR (100 MHz, CDCls)
5 138.4 (138.4), 137.8 (2 C), 134.6 (134.0) , 132.9 (132.8), 128.3 (6 c), 128.0 (4 ¢), 127.6 (2 C),
121.7 (121.5), 119.7 (119.6), (114.7) 114.6, (91.6) 91.3, 77.9 (77.5), (71.1) 71.1, (63.7) 63.6, 63.5
(2C),57.8(2C), 54.0 (53.2), 45.7 (45.5), 40.8 (40.5), 39.2 (2 C), (38.7) 38.6, (36.9) 36.9, (36.1)

S14



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

36.0, 34.6 (34.4), (31.4) 31.2, (30.6) 30.4, (28.0) 27.8, (27.0) 26.5, 23.7 (23.0), 13.1 (2 C) ppm;
HRMS (m/z): Exact mass calcd for Ca3HasO3 [M]': 488.3290; found 488.3289.

S15



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Reference:

[1] B. H. Lipshutz, C. Hackmann, J. Org. Chem. 1994, 59, 74377444,

[2] A. Marquet, H. B. Kagan, M. Dvolaitzky, J. Lematre, J. Jacques, Bull. Soc. Chim. Fr. 1960,
539-547.

[3] A. K. Chatterjee, D. P. Sanders, R. H. Grubbs, Org. Lett. 2002, 4 , 1939-1942.

[4] (a) R. H. Grubbs, S. J. Miller, G. C. Fu, Acc. Chem. Res. 1995, 28, 446-452. (b) P. Schwab, M.
B. France, J. W. Ziller, R. H. Grubbs, Angew. Chem., Int. Ed. 1995, 34, 2039-2041. (c) S. H.
Kim, N. Bowden, R. H. Grubbs, J. Am. Chem. Soc. 1994, 116, 10801-10802.

[5] J. C. Martin, R. J. Arhart, J. Am. Chem. Soc. 1971, 93, 4327-4329.

S16


http://pubs.acs.org/action/doSearch?action=search&author=Lipshutz%2C+Bruce+H.&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Hackmann%2C+Claus&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Chatterjee%2C+A+K&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Sanders%2C+D+P&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Grubbs%2C+R+H&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Grubbs%2C+Robert+H.&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Miller%2C+Scott+J.&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Fu%2C+Gregory+C.&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Kim%2C+Soong%5C-Hoon&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Kim%2C+Soong%5C-Hoon&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Bowden%2C+Ned&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Grubbs%2C+Robert+H.&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Martin%2C+J.+C.&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Arhart%2C+R.+J.&qsSearchArea=author

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

7.26

Me

o 11

Chemical Formula: CgH440
400 MHz, CDCl3

1.0

T 1 F T 1
2 5
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 2.5 2.0 T.5 T.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 .0 -0.5
£1 [ppm

= 2R i) rao oo fow owmrE oo -
> - : N2z B8 AuR3IR =
= £ B . T T mrwm sy o 2
& Be = R g I BRBEBRAD ™
i v e (R I

Me
O 1
Chemical Formula: CgH140
100 MHz, CDCl3
]
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 160 150 140 130 120 110 100 an 20 T0 &0 50 40 30 20 10 -10 =20
1 [ppm

230

220

T
210

200

130

120

S17



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

192
—1.69
1.52
143
145
—104

X

-—T.26
5.83
5. 82
5.81
5.80
5.79
5.79
5.77
5.76
5.74
5.12
5.11
5.07
5.07
5.06

5.06
L5.03
IZ

7
NC | f
Me [\H I| I' I|
i | |
[ | |

o 12

Chemical Formula: C4,H47NO
400 MHz, CDCl3

-Ii III IIPIIIIIIIII I\ I|4I|
g g REEE B 5 a8
2 = Saaa o4 o 5
T T T T T T T T T T T T T T T T T T T T T
w.0 9.5 Q.0 2.5 2.0 7.5 T.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 0o -0.5
£ [rpml
z " o e
I 2 2 wen s e EaE oz o=om
. : - EES 5 5 RR5 ® 3%
e g e ki : AR :
g g %8 NN E 5 @rs ¥ 4o
T I [l W T
NC
Me [H
¢} 12

Chemical Formula: C1,H417NO
100 MHz, CDCl3

130

120

T
110

T
100

T
220

T
210

200

190

120

170

160

T
150

140

£1 [ppm

S18



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

|

o R s BT ToNS TR TR ST M ToRmOEEEE T =]
& MINNES2TEEE ISRT EIFRHERIERIE IR W IILISESE IS :
- MREWBEEEEEE B eTT P L e L L A L PN T R R S e = =) T
e S e 5l S N
r |'
| |
|
4 | -
NC | |
Me [\H r { .
III |I
|
O , | f [ o
f / { {
/ f { I { { |
f / /
Q/O 13 / J / )/ J J
Chemical Formula: C14H21NO,
400 MHz, CDCl3
]
|
[ |
i . |
T | T
2 g "
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 2.5 2.0 7.5 T.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 10 0.5 0.0
£1 [ppm
z 28 rao oo P o T orary i oy
: EEE 55 BE Iue o B
& 5T 4 . e e < 2w =i
= =] i ] 23 3 ERE B o
S N N \f [P I
NC
Me /H
(o]
k/o 13
Chemical Formula: C44H21NO>
100 MHz, CDCl3
|
1
| I | |
]
]
l I| |
| k -
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
120 7o 160 150 140 130 120 110 100 a0 20 kil B0 50 40 30 20 10
£1 [ppm

T T T
210 200 190



728

Me
Me
7

NC
Me [H

[¢]
Q/O 14
Chemical Formula: C4gH25NO2
400 MHz, CDCl3

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

wmnn CTmO ST aEnTn e =
SEEE FIRFARRERRIR TER RER
i L R e rdni i Soa

.02

‘i F 1 P Ilk[i‘i[llil II{ II
g ] a2 ERHAEER b1 o
G 5 Zhege 4 e
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 a0 2.5 2.0 T.5 T.0 6.5 6.0 5.5 o 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 [ppml
= o
= 5y P T o suT sw mox
ki g B n e e EED R e
B Heag N we Su N T
9 N e e £ ARG ES Sy
| N S N N SV T
Me,
Y Me
NC
Me [H
O
Q/O 14
Chemical Formula: C4gH25NO2
100 MHz, CDCl3
.
!
[ | |
| I 1! | y
|
1 1 1 L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 120 7o 160 150 140 130 120 110 100 a0 20 kil B0 50 40 30 20 10 -10
£1 [ppm



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

T.26
5.79

Chemical Formula: CyoH31NO>
400 MHz, CDCl3

=0.01

i T T T
& 8 £ & %8
e s SRR A
T T T T T T T T T T T T T T T T T T
0.5 10.0 a.5 9.0 2.5 2.0 7.5 T.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 [ppml
P IR—
T 2 FE SE nde  mgum mowo @ e mene
=@ : B2 584 BERES SRS B Iges
S OT opip @@ ] = .
£ A% HY =% JEN VR BEEsE Sad Wee
By osE D3 ClE BEEE SEELEERER A& LSRG
[I== 11 T S NS TN S
Chemical Formula: CyoH31NO>
100 MHz, CDCl3
|
1 | 1 I
]
|
| |
| |
J' ||
bl - I L " o t
0 i i i et ki f
T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 120 7o 160 150 140 130 120 110 100 a0 20 0 B0 50 40
£1 [ppm



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

g oo AT M T TR CNOEO T SRMO e T - S @ @O TOW DO W S P-DY DS D
BiRER 5 CIEZEEIIRL CEEERTRAFEARS R8I CIEES5E alid ERERYSTANE BRB2RE
B W E RGN R GRS T T T T TE M MR R RGN RNE oo e Sscoss

a
s

Chemical Formula: CpoH3203
400 MHz, CDCl3

TR T

=0.01

T T b ! T "
4 5 u 3 % Eeak s B g
5 i - = i " s A e
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.5 w.n 4.5 EN 2.5 2.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 5.0 2.5 2.0 L5 L0 .5 00 0.5
£1 [ppm
oo cnm o omom omT
IE g8 ¥ TIL T ooT mow  moms ThTEm Hosoe ©ooon
- i - e HER RauSs INEIE HNESRE I 8ER
i Cr & opE @ g &
B L oo By % odg Frs memn CEssel Sossn m e
Y vEANITY WORP W aRy
Chemical Formula: CpH3203
100 MHz, CDCl3
]
|
]
|
] ]
| \ ! I i | I |
‘ | | J| ]
JI | ehatebh. 5
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 120 o 150 150 140 130 120 110 w0 a0 B W &0 50 40 30 20 0 0 -1
£1 [ppm

210



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

-0.01

7.26
5.82
5.81
59.81
5.80
a5.79
5.78
5.7
5.76
5.75
jsn

Chemical Formula: C24H3,0,
400 MHz, CDCl3

T T
g &
T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 5.0 8.5 2.0 1.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 [ppm
ER ERE R® SECS f Moo o mE moE TooOW T on D@ 0o LE o
B Y e i HEX BY RIE ISR B B 88 BIHZRE
g i e A . EE ORTEA B RSB mAsEL
g% &7 HEEST o e N B
vV AT RGES G R R
Chemical Formula: C24H3,0,
100 MHz, CDCl3
|
|
|
oo b ,
| i i | i“ l | “ul I|
1 l I AN bl s |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
120 170 160 150 140 130 120 110 100 90 20 0 60 50 40 50 20
£1 [ppm

210 200 1490



18
R =COOMe

Chemical Formula: Cy3H3404

400 MHz, CDCl3

7.26

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

=0.01

(S
F 1 F 1 ¥ i
| | |
8 & A
T T T T T T T T T T T T T T T T T T T T T T
10.5 .0 9.5 3.0 2.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 5.5
£1 [ppm
x Me @ oS o
Z ME oER 85I =8 o P e
. . = : 1 HEESRT HEESN I SHIE 2 ER S ORISR
= e = s BEEan i
z BEE A8 HE S 4 g N T e B
1 NV NI VoYY VUYTIT NP
R = COOMe
Chemical Formula: Cy3H3404
100 MHz, CDCl3
|
|
|
! f Y
| | ‘ “ l I"I |
Il
’ | " H el I A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 120 170 150 150 140 130 120 110 100 90 20 0 50 50 40 50 20 0 -10
£1 [ppm



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

—1.21

—1.09
1.04
1.01
0.92
0.89

-0.01

= SomomeonT
& EETIEEIERT
- W sre HedddT T T T REeS ;
TR TR N N V==
|
|
|
( |
f f
| _I i
; , A
/ | [ ]]
J - | | |
J [ | | | ‘ | .
. [ o
-'( / | | [ [
) S0l
Chemical Formula: Cp,H3403
400 MHz, CDCl3
|
| |
1 |
I ]
-I- ¥ II '[I F 1
g g 5 W
T T T T T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 9.5 2.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
£1 [ppm
oo omw R oo,
A S $% AIWEZE BEEY¥ 5% B 2 M YI InRsEs
EE Bo BEEET g} FErr s TEEE D4 BT S o8 oo we s
YV NPT VORY W YT T NS
Chemical Formula: CyH3403
100 MHz, CDCl3
|
- ' !
|
| i
e S S S A e S S (R A—" -
210 200 180 180 ] 150 150 140 130 120 110 w00 an a0 ki &0 50 an 50 20 0 -10
£1 [ppm



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

mo—

Chemical Formula: CogH4003

400 MHz, CDCl3

R

[

U

TS

—E

—WE

4

g

1

g

T

%5

5.5

£1 [ppm

S9FIT—
L070ZT

1 .oNAV.
Pk E2T—
99 2T =

AP TET
wm.ﬁmAUﬂ.

ELLET
9L et
95881
Zb "8LT

Chemical Formula: CygH4003

100 MHz, CDCl3

-10

60 50 40

T

200 180 180 ] 150 150 140 130 120 110 w00 an
£1 [ppm

210

S26



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

= FLBED THNOST@S B SSoTEESLE SR OF S SN0 ST OMNT oM@ T a8
51 ESLBE: IERARIES B FEELER2EE Snd 25 EE 0 SHY EIRRIRPERIAOSEE
N CsSmn WE BREEEE 6 EEEEEEEE HEE mn ne nnn A e ==
e e e e e Y B B P
f |
| |
|
| i
| /
Ir | [
/ | s
f / |
/ [ r | — s
- J /A vy A I

Chemical Formula: C17H2402
400 MHz, CDCl3

-0.01

F T 1 \l‘ I‘.I I|| F T 1 F I 1|P|I '1"'[‘I"|"F
-] & o & k4 a 5& £ 5 EH ¥ 8=
- el =1 - o - o - omoAH o " oA
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.5 0.0 9.5 5.0 2.5 2.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 5.0 2.5 2.0 1.5 1.0 0.5
£1 [ppm
ne nT mooe
3] BT Pazz moom  mes moT mTm TEToS o
T mmss BESE 583 BET SZTE IFRHE B OB
e T oww Ao PESE o H HS T B R
E5 ZH BaAs e Eed men noees @ =
oI nH NN oE EEEE BEI 5% REE HIREA 5 2
Y Vi SN PN
Chemical Formula: C17H2402
100 MHz, CDCl3
|
i I Py |
[ [ | H | [t Il' I
| | { \
1!
l “J ‘ l[ \ wla b et "
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 ] 150 150 140 130 120 110 w00 an a0 ki &0 50 an 50 20 0



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

2
T o . P = ThomToTmm s Tom =5
BEEE 2 Has 8 A% 52 = IFESREATEE RS ZERE 22
R w o T ww e v R JR S =9
|
|
|
| |
| |
| f ./ I
| | | | |
[ ;
f | / s I|
| | | | / I
J Vi J / A /H

Chemical Formula: CpgH4003
400 MHz, CDCl3

Mo L oL oS D T oo ws
RPIR 9 BT T IRRES ok £ owmIme  Tmem SN SN oINS o Toe
SO @ @ oSS omod H nSg & soEs SRTS&e N ARe 3 5o H
28 B Aok BETS UG el S Thnn Crsgos me Sy woms
R R R T e EEE P OIBEE SRS RASEE B SES
BnOL Me
/ Me
Me [\H

Q/O 22

Chemical Formula: CpgH4003
100 MHz, CDCl3

T T T
210 200 1490 120 170 160 150 140 130 120 110 00 a0



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

—T1.2h
5
o
5
a3
5
a

/Me

NC
Me [H

O
Q/O 25
Chemical Formula: C15H23NO5
400 MHz, CDCl3

=

oo
H¥FEEE
£ i ed

o TomoLEmE T no
FREELCIEEEERAS &R
Nﬁﬁﬁﬁﬂ;\ja =a

Ve

o.es

=0.01

II II F I 1 III -II T
g8 B & 8 2
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.0 9.5 a0 9.5 2.0 7.5 7.0 6.5 6.0 .5 5.0 4.5 4.0 3.5 5.0 5 2.0 1.5 L0 0.5 0.0 0.5
£1 [ppm
z £ ER rao oo e e [ oo
== EEE £ ] 55 &8 RET
i 8 af . oo L S = nicd
ooH N EE BB 8 nE RS ]
[ N N Y NPT '
J Me
NC
Me [H
O
s
Chemical Formula: C15H23NO>»
100 MHz, CDCl3
I |
‘ | Y I
I
' I ‘ ’ H
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 180 ] 150 150 140 130 120 110 w00 an a0 ki &0 50 an 50 20 0 -10
£1 [ppm

T T
210 200



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

&
5 E BITPRCE Ik SSEBECNBEREASEINR LB INNNRSREIT NI EEESNESER =
— Wmn e e e = ﬁmﬁﬁﬁﬁfﬁﬁﬁﬁﬁmﬁﬂhﬁwr\inﬁnﬁnﬂwnﬂ-—;-—;-—;-—;-—:.—«.—i.—i.—i.—i.—i.—i.—«.—i.—i.—ir—;d 7
| e Y |
/
)
|'r |
f |
i
|
|
- |
f | i
f ' A,
/
I's / Id Iy f |
Chemical Formula: C1gH29NO, J ¥ / /)
400 MHz, CDCl3
|
I
i
] ]
| I |
Iub |
|
L L l
P[*I-lrll-‘i I-‘I '\'I":"I'I'W' \Illii‘i-
g m5 5 ] EfR & B8 K £ B
El - o =1 Ao A oW - oA
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 a0 8.5 2.0 7.5 T.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 o0
£1 [ppm
Moo @ oNBo
¥ OEE g ¥Bg mno®  ymns SreoNE mE DN DNND
S S@ © @S BEER L AEAR EERER SR ba TYS5 Sams
£ 58 4§ o9 s mwein SEw mrn o= rw wvoie
TS TP Wy Wy

Chemical Formula: C4gH29NO»
100 MHz, CDCl3

T T T T T T T T
210 200 190 120 170 160 150 140 130 120



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

W o o w TRNOS 8 T NEET T o Tomoe TR TS @G E o b n L 2
BE RE & B OREIRNCE ¥ S HRRE SRIngEsmen IZEINE IECRSUARH ARUED :
RS v e R R e e e iried tieim i ddd SSSSa b
gV LY T T A P B N N I
/
|
]
f
— [
I { f
| |
- | / /
A | | / |
o | ,- — |/
J_,-" / / .-’j / / A
Chemical Formula: C1gH3903
400 MHz, CDCl3
|
h
|
I |
ik
J| |
'-II II\-Illll T || I‘Illl?-li T
g g 8 £ @ 2 F OB 2 B &
S G " i = S [ v
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 a5 a0 2.5 2.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 5.5 5.0 2.5 2.0 L5 Lo 0.5 0.0 0.5
£1 [ppm
@ TR
1 HE ZH g T o9 Mo SENE  SEESHGEENT NEE D
5 e = A HEZ  IRNE SRESNBELNT TS SRS
i N iR
L e g g T o4 PR mEne CSeSseT oS e snn
v Vv NTTV Wy WY ST
Chemical Formula: C1gH3903
100 MHz, CDCl3
|
! [
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 120 170 160 150 140 130 120 110 100 90 20 0 50 50 40 50 20 0 0 -10
£1 [ppm

S31



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

=0.01

7.2
5.81
5.81
5,80
5.

5.

5.

5.

5.

5.

5.
A
s

5.
L.

5.
5.01
4.6
4.94
3.92
3.
3.
3.
— 5.
— 3.
5
3.
3.
2
2
2
2
2
52
2
2
%2
A
-1

f |‘r. [ /
/ / ¢ / A . /
S J / i / A (VA ;I )
Chemical Formula: CyoH3002
400 MHz, CDCl3
]
¥
|
| |
i

I

| |

F II T 1 F 1 F ‘ 4 T

] a 5 E] S a

T T T T T T T T T T T T T T T T
0.0 9.5 9.0 2.5 g0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 5.5 5.0 2.5
1 [ppml
Sw w@ s Tom
nE EEnES ZTuW == Hom NE  mBE SESS N oo N SEN eETD
G SETT oo ] BEE A BB RBRTE A o o A4 Tens
g S35 S8 i Rrw me mee ERST S 8 o mbd Sune
Y NN P VWY & ETTT TNV
Chemical Formula: CyoH3002
100 MHz, CDCl3
|
|
|
lal » ) i y e
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 120 170 150 150 140 130 120 110 100 90 20 0 50 50 40 50 20 0 0
£1 [ppm



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

-0.01

=
E
T SN S
f i
| |
| -
| f |
_ [ |
[ f [ .
{ | P
- ) | - [ | I | Fo |
I ' f ." I | I| | | |
[ J J { ! I I |
/ PRV ro S J A
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400 MHz, CDCl3
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100 MHz, CDCl3
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Chemical Formula: CpgH3gO03

100 MHz, CDCl3
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Chemical Formula: C47H2402
400 MHz, CDCl3
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Chemical Formula: C47H240,
100 MHz, CDCl3
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Chemical Formula: CygH3303

500 MHz, CDCl3
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Chemical Formula: CogH3g03

100 MHz, CDCl3
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Chemical Formula: C4gH2403
400 MHz, CDCl3
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Chemical Formula: C1gH2403
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Chemical Formula: C4gH,7NO3
100 MHz, CDCl3
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Chemical Formula: CyoH2gNO3
400 MHz, CDCl3
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Chemical Formula: CygHgNO3
100 MHz, CDCl3
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1o I
o
i e o0 g o L B S i Althin
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 120 7o 160 150 140 130 120 110 100 a0 20 0 B0 50 40 30 20 10 0 -10
£1 [ppm



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

7.26
5.7%
5.73
5.72
5.65
5.5k
a1
a7
43
40
35
32
528

Chemical Formula: Co4H35NO2
400 MHz, CDCl3
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400 MHz, CDCl3
|
T T I [ A
8 g g 0% &8 2B B3
= Z R S
T T T T T T T T T T T T T T T T T
0.0 9.5 a0 2.5 2.0 7.5 7.0 6.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 o0
o= o Teocwomn nE
£ £ IEsusae ns ol e Tew mE s mos® SS TS =
] S mRE AT Y : B E TER B 2 ¥9R€ BER IR I
25 B RERHESTT 0a ol o e e T s T S o
g8 Boansgung od et B3 BRE BRSY FEAR RE BH =
N [ & ==V I e e T B B I
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Chemical Formula: C,5H3602
100 MHz, CDCl3
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Chemical Formula: Cy7H3g04
400 MHz, CDCl3
|
1
| |
ol 1l
il et
L
Ill]+ll T |>]\ \Il:v- T I‘DII[-IIPII Il\
gEE 3 & & 8 g & £ = a3e L
oo w ] G = PR R .
T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 2.0 2.5 2.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 5.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (rpml
o Th EREL mowW SN I?S
E TE o RRE BEe oOn o pefrrr zwm wem snw meo EsTn oo
- A S : wE HEERE TRE KER RE Fss RERIH SEZ
= Er omEn Mo wd ] g ‘=
Z Ly BRM fog 4a e Crlli T w men mEpnoTT seT SeHn me
5 BH BEH HIS oo w2y CEEET 2RE BRE IF OEEE RAEE ne
N S v I N B

Chemical Formula: C,7H3504
100 MHz, CDCl3
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Chemical Formula: CygH3g03

400 MHz, CDCl3
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Chemical Formula: CygH3303

100 MHz, CDCl3
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Chemical Formula: C33H4403
400 MHz, CDCl3
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Chemical Formula: CooH3002
400 MHz, CDCl3
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Chemical Formula: Cy5H3002
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Chemical Formula: C3pH3g03

400 MHz, CDCl3
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Chemical Formula: C3oH3gO3

100 MHz, CDCl3
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