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General Information

Methods: Infrared (IR) spectra were obtained using a Jasco 260 Plus Fourier transform infrared
spectrometer. Proton and carbon magnetic resonance spectra (*H NMR, **C NMR, and '°F NMR)
were recorded on a Bruker model DRX 400 or 600 (*H NMR at 400 MHz or 600 MHz, **C NMR at
101 MHz or 151 MHz, and °F NMR at 565 MHz) spectrometer with solvent resonance as the
internal standard (*H NMR: CDCl; at 7.26 ppm and *C NMR: CDCl; at 77.0 ppm). *H NMR data are
reported as follows: chemical shift, multiplicity (s = singlet, bs = broad singlet, d = doublet, dd =
doublet of doublet, t = triplet, g = quartet, sept = septuplet, oct = octuplet, m = multiplet), coupling
constants (Hz), and integration. HPLC analysis was performed on an Agilent Technologies 1200
System equipped with Chiralpak IA, IB, and IC columns (¢ 4.6 mm x 250 mm, constant flow at 1.00
mL/min). Supercritical fluid chromatography (SFC) was performed on a Berger SFC system
equipped with Chiralpak AD, AS, and OD (¢ 4.6 mm x 250 mm). Samples were eluted with SFC
grade CO, at the indicated percentage of MeOH with an oven temperature of 40 °C. Optical rotations
were measured using a 2 mL cell with a 1 dm path length on a Jasco DIP 1000 digital polarimeter.
Mass spectra were obtained using a Thermo Scientific LTQ FT Ultra instrument with electrospray
ionization. Analytical thin layer chromatography (TLC) was performed on Sorbtech 0.25 mm silica
gel 60 plates. Visualization was accomplished with UV light and/or aqueous ceric ammonium
molybdate solution followed by heating. Purification of the reaction products was carried out by using
Siliaflash-P60 silica gel (40-63 um) purchased from Silicycle. All reactions were carried out with
magnetic stirring. Yield refers to isolated yield of analytically pure material unless otherwise noted.
Yields and diastereomeric ratios (dr) are reported for a specific experiment and as a result may differ
slightly from those found in the tables, which are averages of at least two experiments.

Materials: p-Quinols 1,% ¢ p-unsaturated aldehydes 2, and Jegrgensen—Hayashi catalysts 3™
were prepared according to known literature procedures. Triethylamine (EtzN) was freshly distilled
from calcium hydride prior to use. Dichloromethane (CH,CI,) and tetrahydrofuran (THF) were dried
by passage through a column of neutral alumina under nitrogen prior to use. All other reagents were
purchased from commercial sources and were used as received unless otherwise noted.
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Svynthesis of (E)-3-Mesitylacrylaldehyde (29)

Me EtO,C._ PO3Et, Me Me
/@\Ao NaH /@(\Vcoza DIBAL /@\/\/\OH
THF, 0 °C to rt CH,Cl,, 0 °C

Me Me Me Me Me Me

A B C

Me O
MnO, MH
CH4Cly, 1t Me Me
2g

A flame-dried 100-mL round-bottom flask equipped with a magnetic stir bar was charged with NaH
(60%) (0.5 g, 12.5 mmol, 1.25 equiv) suspended in THF (25 mL). The suspension was cooled to 0
°C. Triethyl phosphonoacetate (2.5 mL, 12.5 mmol, 1.25 equiv) was added dropwise. The
homogenous solution was allowed to stir at 0 °C for 20 min before mesitaldehyde (A) (1.5 mL, 10.0
mmol, 1.00 equiv) was added dropwise. The ice bath was removed and the resulting solution was
allowed to stir for 3 h as it slowly warmed to room temperature. The reaction was cooled to 0 °C and
guenched with sat. aq. NH4Cl (25 mL). The reaction was diluted with Et,O (100 mL) and washed
with H,O (40 mL) and brine (40 mL). The organic layer was dried over MgSO,, filtered, and
concentrated in vacuo to afford analytically pure unsaturated ester B, which was used without further
purification.

A flame-dried 250-mL round-bottom flask equipped with a magnetic stir bar was charged with
unsaturated ester B in CH,Cl, (100 mL). The solution was cooled to 0 °C. DIBAL (4.0 mL, 22.0
mmol, 2.20 equiv) was added dropwise. The reaction was allowed to stir at 0 °C for 2 h. The reaction
was quenched by sequential addition of acetone (25 mL) and 1 N HCI (100 mL). The layers were
separated and the aqueous layer was extracted with CH,Cl, (2 x 75 mL). The combined organic
extracts were dried over Na,SO,, filtered, and concentrated in vacuo to afford analytically pure allyl
alcohol C, which was used without further purification.

A flame-dried 250-mL round-bottom flask equipped with a magnetic stir bar was charged with allyl
alcohol C in CH,CI; (100 mL). Activated MnO, (4.4 g, 50.0 mmol, 5.00 equiv) was added and the
reaction was allowed to stir at room temperature for 16 h. The reaction was filtered through a pad of
Celite® rinsing with CH,Cl, (3 x 50 mL). The filtrate was concentrated in vacuo. The crude residue
was purified by column chromatography on silica gel to afford (E)-3-mesitylacrylaldehyde (2g) (1.27
g, 73% vyield) as a white solid (mp 72-73 °C). Analytical data for 2g: *H NMR (600 MHz, CDCls): &
9.70 (d, 3 = 7.7 Hz, 1H), 7.68 (d, J = 16.3 Hz, 1H), 6.94 (s, 2H), 6.41 (dd, J = 16.3, 7.7 Hz, 1H), 2.36
(s, 6H), 2.31 (s, 3H); *C NMR (151 MHz, CDCly): § 194.32," 194.28,* 151.5, 139.5, 137.1, 133.5,
130.0, 129.5, 21.2, 21.1 (*Rotomer A, *Rotomer B); IR (thin film): 1662, 1626, 1136, 1020, 984, 845
cm™; TLC (20% ethyl acetate:hexanes): R; = 0.49; HRMS (ESI): Calcd. for CioHis0 ([M+H]):
175.1124, Found: 175.1117.
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General Procedure A for the Preparation of rac-4

Ph
Ph o)
H OTMS
_rac-3b (20 mol%) HO
“PNBA (20 mol%) (20 mol%)  _, H
; toluene (025 M) R §
R' OH rt, 16 h 2
rac-4

A 20-mL scintillation vial equipped with a magnetic stir bar was charged with a,B-unsaturated
aldehyde 2 (1.50 mmol, 1.5 equiv), rac-3b (70.5 mg, 0.20 mmol, 0.2 equiv), and 4-nitrobenzoic acid
(33.4 mg, 0.20 mmol, 0.2 equiv) in toluene (4.0 mL, 0.25 M). The solution was stirred for 5 min at
room temperature until homogeneous. p-Quinol 1 (1.00 mmol, 1.0 equiv) was added, the vial was
capped, and the reaction was allowed to stir for 16 h at room temperature. The reaction was diluted
with EtOAc (30 mL) and sequentially washed with sat. ag. NaHCO3 (1 x 15 mL), H,O (1 x 15 mL),
and brine (1 x 15 mL). The organic layer was drled over Na,SO,, filtered, and concentrated in vacuo.
The diastereomeric ratio was determined by *H NMR analysis of the crude residue. The crude
residue was purified by column chromatography on silica gel to afford rac-4.

General Procedure B for the Preparation of 4

Ph
Ph o}
H OTMS
_ 3b(20mol%) _ ne
Q J)J\ "PNBA (20 mol%) (20 mol%) ) H
; toluene ©025Mm) R e}
R' OH rt, 16 h 2
4
1a: R' = Me 2a: R? = C4Hs 2f: R? = 2-CF3CgHy4
1b: R' = Et 2b: R? = 4-OMeCgH, 2g: R? = 2,4,6-Me3CgH,
1c:R'='Pr 2c¢: R2=4-NO,CgH, 2h: R? = N-Ts-indol-3-yl

1d: R' = CH,CH,0TBS  2d: R2=2-CICgH,  2i: R? = thien-2-yl
1e: R' = CH,CH,CO,Me 2e: R? =2-OMeCgH, 2j: R?> = Me

Note: No precautions were taken to preclude water or air from the reactions. Reactions were
performed in non-flame-dried glassware using reagent grade solvents as received under ambient
atmosphere. Reactions can be performed employing CH,CIl, or CHCI; in place of toluene with
comparable levels of selectivity, but in slightly reduced yields.

A 20-mL scintillation vial equipped with a magnetic stir bar was charged with a,B-unsaturated
aldehyde 2 (1.50 mmol, 1.5 equiv), 3b (70.5 mg, 0.20 mmol, 0.2 equiv), and 4-nitrobenzoic acid
(33.4 mg, 0.20 mmol, 0.2 equiv) in toluene (4.0 mL, 0.25 M). The solution was stirred for 5 min at
room temperature until homogeneous. p-Quinol 1 (1.00 mmol, 1.0 equiv) was added, the vial was
capped, and the reaction was allowed to stir for 16 h at room temperature. The reaction was diluted
with EtOAc (30 mL) and sequentially washed with sat. aq. NaHCO3; (1 x 15 mL), H,O (1 x 15 mL),
and brine (1 x 15 mL). The organic layer was dried over Na,SO,, filtered, and concentrated in vacuo.
The diastereomeric ratio was determined by *H NMR analysis of the crude residue. The crude
residue was purified by column chromatography on silica gel to afford 4. The enantiomeric ratio was
determined following reduction to 5 (with subsequent benzoate formation for 4h and 4j) or olefination
to 8.
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(2S,3R,3aR,7aR)-7a-Methyl-5-0x0-2-phenyl-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4a): The title compound was prepared
according to General Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and «o,p-
unsaturated aldehyde 2a (198 mg, 1.50 mmol) affording a 15:1 (4a:Zothers) mixture
of diastereomers. Purification provided 4a (207 mg, 81% vyield, >20:1 dr) as a pale
yellow oil. The enantiomeric ratio was determined following reduction to 5a.
Analytical data for 4a: *"H NMR (600 MHz, CDCls): § 8.99 (d, J = 1.7 Hz, 1H), 7.36-7.33 (m, 2H),
7.29-7.27 (m, 3H), 6.71 (dd, J = 10.3, 1.5 Hz, 1H), 6.08 (d, J = 10.3 Hz, 1H), 5.23 (d, J = 9.7 Hz, 1H),
3.14 (dt, J =9.5, 1.7 Hz, 1H), 3.06-3.03 (m, 1H), 2.70 (dd, J = 17.4, 5.4 Hz, 1H), 2.55 (d, J = 17.4 Hz,
1H), 1.67 (s, 3H); 13C NMR (151 MHz, CDCI): 6 198.9, 196.4, 152.0, 136.9, 129.8, 128.8, 128.4,
126.3, 79.6, 79.1, 60.4, 43.0, 37.3, 23.2; IR (thin film): 2973, 1718, 1679, 1494, 1455, 1122, 1045,
703 cm™; TLC (40% ethyl acetate:hexanes): R; = 0.50; HRMS (ESI): Calcd. for C1H1703 ([M+H]"):
257.1178, Found: 257.1173; [o]p -116 (c = 1.9, CHCl).

o] (2S,3R,3aR,7aR)-2-(4-Methoxyphenyl)-7a-methyl-5-0x0-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4b): The title compound was prepared
according to General Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and o, -
unsaturated aldehyde 2b (243 mg, 1.50 mmol) affording a 9:1 (4b:Xothers) mixture
of diastereomers. Purification provided 4b (223 mg, 78% vyield, >20:1 dr) as a pale
yellow oil. The enantiomeric ratio was determined following reduction to 5b.
ome Analytical data for 4b: *H NMR (400 MHz, CDCls): § 9.02 (d, J = 1.8 Hz, 1H), 7.18
(d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.7 Hz, 2H), 6.72 (dd, J = 10.3, 1.8 Hz, 1H), 6.08 (d, J = 10.3 Hz,
1H), 5.19 (d, J = 9.3 Hz, 1H), 3.78 (s, 3H), 3.14-3.04 (m, 2H), 2.70 (dd, J = 17.4, 5.2 Hz, 1H), 2.55
(d, J = 17.4 Hz, 1H), 1.66 (s, 3H); **C NMR (101 MHz, CDCl3): & 199.1, 196.5, 159.5, 152.1, 129.8,
128.9, 127.7, 114.2, 79.3, 78.9, 60.4, 55.2, 42.9, 37.3, 23.2; IR (thin film): 2930, 1717, 1682, 1612,
1513, 1249, 1032, 836 cm™; TLC (40% ethyl acetate:hexanes): R; = 0.36; HRMS (ESI): Calcd. for
C17H1904 ((M+H]"): 287.1284, Found: 287.1279; [a]p -87 (¢ = 1.6, CHCl3).

0 (2S,3R,3aR,7aR)-7a-Methyl-2-(4-nitrophenyl)-5-o0x0-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4c): The title compound was prepared
according to General Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and a,3-
unsaturated aldehyde 2c (266 mg, 1.50 mmol) affording a 17:1 (4c:Zothers)
mixture of diastereomers. Purification provided 4c (214 mg, 77% yield, >20:1 dr) as
a pale yellow oil. The enantiomeric ratio was determined following reduction to 5c.
no, Analytical data for 4c: *H NMR (400 MHz, CDCls): § 9.02 (d, J = 2.5 Hz, 1H), 8.22

(d, J = 8.8 Hz, 2H), 7.48 (d, J = 8.6 Hz, 2H), 6.72 (dd, J = 10.3, 2.0 Hz, 1H), 6.13
(dd, J =10.3, 1.0 Hz, 1H), 5.32 (d, J = 9.6 Hz, 1H), 3.25 (dt, J = 9.5, 2.5 Hz, 1H), 3.08-3.03 (m, 1H),
2.73 (dd, J = 17.4, 5.4 Hz, 1H), 2.56 (ddd, J = 17.4, 2.1, 1.1 Hz, 1H), 1.71 (s, 3H); **C NMR (101
MHz, CDCl3): 6 198.0, 195.9, 151.2, 147.8, 144.2, 130.3, 127.2, 124.1, 80.3, 78.3, 60.5, 43.4, 37.2,
23.3; IR (thin film): 2089, 1716, 1681, 1645, 1520, 1457, 1348, 529 cm™; TLC (40% ethyl
acetate:hexanes): Ry = 0.24; HRMS (ESI): Calcd. for CigHi1NOs ([M+H]"): 302.1029, Found:
302.1019; [a]p -115 (c = 0.5, CHCly).
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(2S,3R,3aR,7aR)-2-(2-Chlorophenyl)-7a-methyl-5-0x0-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4d): The title compound was prepared
according to General Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and «o,p-
unsaturated aldehyde 2d (250 mg, 1.50 mmol) affording a 17:1 (4d:Xothers) mixture
of diastereomers. Purification provided 4d (273 mg, 94% vyield, >20:1 dr) as an off-
white solid (mp 150-153 °C). The enantiomeric ratio was determined following
reduction to 5d. Analytical data for 4d: *H NMR (600 MHz, CDCl5): 8 9.09 (d, J = 2.0
Hz, 1H), 7.52 (d, J = 7.7 Hz, 1H), 7.34 (d, J = 7.9 Hz, 1H), 7.28 (t, J = 7.6 Hz, 1H), 7.25-7.22 (m, 1H),
6.71 (dd, J = 10.3, 1.9 Hz, 1H), 6.12 (d, J = 10.3 Hz, 1H), 5.47 (d, J = 9.5 Hz, 1H), 3.35 (dt, J = 9.5,
2.0 Hz, 1H), 3.01-2.98 (m, 1H), 2.69 (dd, J = 17.5, 5.5 Hz, 1H), 2.56 (dd, J = 17.5, 1.0 Hz, 1H), 1.68
(s, 3H); *C NMR (151 MHz, CDCl3): § 198.6," 198.5,* 196.4, 151.7, 135.0, 131.3, 130.4, 129.4,
129.3, 127.34, 127.29, 79.5, 75.9, 58.6, 43.0, 37.3, 23.1 (TRotomer A, *Rotomer B); IR (thin film):
1717, 1682, 1653, 1474, 1374, 1120, 1049 cm™; TLC (40% ethyl acetate:hexanes): R; = 0.51;
HRMS (ESI): Calcd. for CigH16ClOs ([M+H]"): 291.0789, Found: 291.0785; [a]p -205 (c = 1.4,
CHCly).

(2S,3R,3aR,7aR)-2-(2-Methoxyphenyl)-7a-methyl-5-0x0-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4e): The title compound was prepared
according to General Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and a,f-
unsaturated aldehyde 2e (243 mg, 1.50 mmol) affording a 14:1 (4e:Xothers) mixture
of diastereomers. The enantiomeric ratio was determined following reduction to 5e.
Purification provided 4e (247 mg, 86% yield, >20:1 dr) as a white solid (mp 101-103
°C). Analytical data for 4e: *H NMR (400 MHz, CDCls): § 9.00 (d, J = 2.5 Hz, 1H), 7.42 (d, J = 7.0 Hz,
1H), 7.23 (dt, J = 8.0, 1.6 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.80 (d, J = 10.3, 1.9 Hz, 1H), 6.68 (dd, J
=10.3, 1.9 Hz, 1H), 6.06 (dd, J = 10.3, 0.7 Hz, 1H), 5.36 (d, J = 9.3 Hz, 1H), 3.77 (s, 3H), 3.35 (dt, J
=9.2, 2.5 Hz, 1H), 2.89-2.84 (m, 1H), 2.65 (dd, J = 17.4, 5.4 Hz, 1H), 2.52 (d, J = 17.4 Hz, 1H), 1.63
(s, 3H); *C NMR (101 MHz, CDCls): § 199.5, 196.6, 155.1, 152.2, 129.9, 129.0, 126.1, 125.5, 120.7,
109.8, 79.1, 74.5, 58.6, 55.0, 43.1, 37.2, 23.1; IR (thin film): 2839, 1717, 1684, 1490, 1296, 1116,
1046, 757 cm™; TLC (40% ethyl acetate:hexanes): R = 0.46; HRMS (ESI): Calcd. for C17H1904
(IM+H]"): 287.1284, Found: 287.1279; [a]p -182 (c = 1.8, CHCly).

(2S,3R,3aR,7aR)-7a-Methyl-5-0x0-2-(2-(trifluoromethyl)phenyl)-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4f): The title compound was prepared
according to General Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and o,B-
unsaturated aldehyde 2f (300 mg, 1.50 mmol) affording a >20:1 (4f:Zothers) mixture
of diastereomers. Purification provided 4f (295 mg, 91% yield, >20:1 dr) as a white
solid (mp 99-100 °C). The enantiomeric ratio was determined following reduction to
5f. Analytical data for 4f: *H NMR (600 MHz, CDCls): & 8.95 (d, J = 1.1 Hz, 1H), 7.65 (d, J = 7.9 Hz,
1H), 7.61 (d, J = 7.9 Hz, 1H), 7.57 (t, J = 7.7 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 6.73 (dd, J = 10.3, 2.0
Hz, 1H), 6.12 (d, J = 10.3 Hz, 1H), 5.52 (d, J = 9.8 Hz, 1H), 3.21 (t, J = 9.5 Hz, 1H), 3.10-3.07 (m,
1H), 2.70 (dd, J = 17.5, 5.4 Hz, 1H), 2.53 (dt, J = 17.5, 1.1 Hz, 1H), 1.68 (s, 3H); **C NMR (151 MHz,
CDCls): 5 198.4,7 198.3,* 196.3, 151.5, 135.8, 132.6, 130.4, 128.5, 128.0, 127.1 (q, Jc_r = 30.2 Hz),
125.8 (q, Jor = 6.0 Hz), 124.0 (q, Jc_r = 273.3 Hz), 79.6, 74.61," 74.60,* 60.5, 42.6, 37.3, 23.1
("Rotomer A, *Rotomer B); F NMR (565 MHz, CDCls): & -59.3; IR (thin film): 1717, 1683, 1653,
1314, 1165, 1121, 770 cm™; TLC (40% ethyl acetate:hexanes): Rt = 0.49; HRMS (ESI): Calcd. for
C17H16F303 ([M+H]+) 325.1052, Found: 325.1048; [(X,]D -127 (C =0.8, CHC|3)
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(2S,3R,3aR,7aR)-2-Mesityl-7a-methyl-5-0x0-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4g): The title compound was prepared
according to General Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and o,p-
unsaturated aldehyde 2g (261 mg, 1.50 mmol) affording a 4:1 (4g:Zothers) mixture
of diastereomers. Purification provided 4g (215 mg, 72% vyield, >20:1 dr) as a pale
yellow oil. The enantiomeric ratio was determined following reduction to 5g.
Analytical data for 4g: *H NMR (600 MHz, CDCls): § 9.04 (d, J = 1.3 Hz, 1H), 6.79
(bs, 2H), 6.68 (dd, J = 10.3, 2.0 Hz, 1H), 6.11 (dd, J = 10.3, 0.8 Hz, 1H), 5.47 (d, J = 10.5 Hz, 1H),
3.18-3.15 (m, 1H), 3.04 (dt, J = 8.9, 1.3 Hz, 1H), 2.73 (dd, J = 17.3, 5.3 Hz, 1H), 2.60 (dd, J = 17.3,
0.9 Hz, 1H), 2.27 (bs, 6H), 2.22 (s, 3H), 1.63 (s, 3H); *C NMR (151 MHz, CDCl5): & 199.0, 196.8,
152.4, 137.7, 136.2," 135.3,* 131.6," 130.5, 129.4,* 128.7, 79.2, 76.3, 59.02," 58.98, 43.2,7 43.1,*
37.8, 22.7, 22.1,7 20.8,* 20.71," 20.68* ("Rotomer A, *Rotomer B); IR (thin film): 2929, 1732, 1684,
1653, 1558, 1507, 1220, 1124 cm™; TLC (40% ethyl acetate:hexanes): R; = 0.56; HRMS (ESI):
Calcd. for C19H2303 ([M+H]"): 299.1648, Found: 299.1643; [a]p -81 (c = 1.5, CHCIs).

(2S,3R,3aR,7aR)-7a-Methyl-5-0x0-2-(1-tosyl-1H-indol-3-yI)-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4h): The title compound was prepared
according to General Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and o,3-
unsaturated aldehyde 2h (488 mg, 1.50 mmol) affording a 5:1 (4h:XZothers) mixture
of diastereomers. Purification provided 4h (328 mg, 73% vyield, >20:1 dr) as a
viscous pale yellow oil. The enantiomeric ratio was determined following reduction
and benzoate formation to Sla. Analytical data for 4h: *H NMR (400 MHz, CDCly):
89.00 (d, 3 =2.0 Hz, 1H), 7.94 (d, J = 8.3 Hz, 1H), 7.72 (d, J = 8.4 Hz, 2H), 7.61 (s, 1H), 7.39 (d, J =
7.8 Hz, 1H), 7.31 (d, J = 7.4 Hz, 1H), 7.22-7.19 (m, 3H), 6.70 (dd, J = 10.3, 1.7 Hz, 1H), 6.11 (d, J =
10.3 Hz, 1H), 5.40 (d, J = 8.6 Hz, 1H), 3.18-3.08 (m, 2H), 2.73 (dd, J = 17.9, 5.1 Hz, 1H), 2.57 (d, J =
17.1 Hz, 1H), 2.31 (s, 3H), 1.69 (s, 3H); *C NMR (101 MHz, CDCls): § 198.3, 196.2, 151.5, 145.2,
135.3, 134.8, 130.4, 129.9, 127.7, 126.7, 125.3, 124.2, 123.6, 119.7, 118.7, 113.8, 79.6, 77.2, 73.1,
59.6, 43.3, 37.3, 23.2, 21.5; IR (thin film): 2917, 1717, 1698, 1684, 1507, 1457, 1373, 1174 cm™;
TLC (40% ethyl acetate:hexanes): Ry = 0.29; HRMS (ESI): Calcd. for CsoHs47N2010S, ([2M+H]"):
899.2673, Found: 899.2696; [a]p -98 (c = 1.2, CHCly).

(2S,3R,3aR,7aR)-7a-Methyl-5-0x0-2-(thiophen-2-yl)-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4i): The title compound was prepared
according to General Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and o,B-
unsaturated aldehyde 2i (207 mg, 1.50 mmol) affording a 7:1 (4i:Zothers) mixture of
diastereomers. Purification provided 4i (171 mg, 65% vyield, >20:1 dr) as a pale
yellow oil. The enantiomeric ratio was determined following reduction to 5i. Analytical
data for 4i: '"H NMR (400 MHz, CDCl3): 8 9.17 (d, J = 1.9 Hz, 1H), 7.28-7.26 (m, 1H), 6.97-6.96 (m,
2H), 6.69 (dd, J = 10.3, 1.9 Hz, 1H), 6.04 (dd, J = 10.3, 0.9 Hz, 1H), 5.57 (d, J = 9.3 Hz, 1H), 3.15
(dt, 3 =9.8, 1.9 Hz, 1H), 3.10-3.05 (m, 1H), 2.71 (dd, J = 17.5, 5.2 Hz, 1H), 2.58 (ddd, J = 17.5, 2.0,
1.1 Hz, 1H), 1.65 (s, 3H); **C NMR (101 MHz, CDCls): & 198.2, 196.2, 151.7, 141.2, 129.4, 127.2,
125.9, 125.0, 79.9, 75.4, 60.0, 42.9, 36.9, 23.5; IR (thin film): 2973, 1868, 1717, 1683, 1558, 1457,
1374, 1120 cm™: TLC (40% ethyl acetate:hexanes): Ry = 0.39; HRMS (ESI): Calcd. for C14H1503S
(IM+H]"): 263.0743, Found: 263.0736; [a]p -90 (¢ = 1.3, CHCls).
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o} (2R,3R,3aR,7aR)-2,7a-Dimethyl-5-0x0-2,3,3a,4,5,7a-hexahydrobenzofuran-3-
carbaldehyde (4j): The title compound was prepared according to General
Procedure B using p-quinol 1a (124 mg, 1.00 mmol) and a,B-unsaturated aldehyde
Me™ o 2j (105 mg, 1.50 mmol) affording a 7:1 (4j:Zothers) mixture of diastereomers.

Me Purification provided 4j (116 mg, 60% yield, >20:1 dr) as a pale yellow oil. The
enantiomeric ratio was determined following reduction and benzoate formation to S1b. Analytical
data for 4j: *H NMR (600 MHz, CDCls): § 9.72 (d, J = 2.1 Hz, 1H), 6.60 (dd, J = 10.3, 1.5 Hz, 1H),
5.99 (d, J = 10.3 Hz, 1H), 4.32 (dg, J = 6.6, 2.2 Hz, 1H), 2.96-2.94 (m, 1H), 2.90 (dt, J = 9.0, 2.0 Hz,
1H), 2.64 (dd, J = 17.3, 5.4 Hz, 1H), 2.51 (d, J = 17.3 Hz, 1H), 1.52 (s, 3H), 1.27 (d, J = 6.6 Hz, 3H);
3C NMR (151 MHz, CDCl3): & 200.10," 200.06,* 196.7, 152.5, 129.4, 78.9, 73.7, 59.2, 43.1, 37.3,
23.5, 18.0 (TRotomer A, *Rotomer B); IR (thin film): 1716, 1683, 1653, 1541, 1457, 1367, 709 cm?;
TLC (40% ethyl acetate:hexanes): R; = 0.29; HRMS (ESI): Calcd. for C1;H1505 ([M+H]): 195.1022,
Found: 195.0995; [a]p -38 (c = 0.7, CHCly).

(2S,3R,3aR,7aR)-7a-Ethyl-5-ox0-2-phenyl-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4k): The title compound was prepared
according to General Procedure B using p-quinol 1b (138 mg, 1.00 mmol) and o,B-
unsaturated aldehyde 2a (198 mg, 1.50 mmol) affording a 12:1 (4k:Xothers)
mixture of diastereomers. Purification provided 4k (212 mg, 78% yield, >20:1 dr)
as a pale yellow oil. The enantiomeric ratio was determined following reduction to
5k. Analytical data for 4k: *H NMR (600 MHz, CDCly): § 9.02 (d, J = 2.7 Hz, 1H), 7.39-7.29 (m, 5H),
6.77 (dd, J = 15.5, 2.5 Hz, 1H), 6.18 (d, J = 15.5 Hz, 1H), 5.24 (d, J = 13.3 Hz, 1H), 3.21-3.13 (m,
2H), 2.71 (dd, J = 26.4, 7.9 Hz, 1H), 2.55 (d, J = 26.4 Hz, 1H), 2.13-1.93 (m, 2H), 1.20 (t, J = 11.3
Hz, 3H); *C NMR (101 MHz, CDCls): § 199.0, 196.6, 151.4, 137.0, 130.6, 128.8, 128.3, 126.3, 81.6,
78.8, 60.7, 40.3, 37.6, 29.8, 8.1; IR (thin film): 2972, 1718, 1683, 1576, 1507, 1457, 1396, 1219 cm™;
TLC (40% ethyl acetate:hexanes): R; = 0.55; HRMS (ESI): Calcd. for C17H1903 ([M+H]"): 271.1335,
Found: 271.1329; [a]p -110 (c = 1.3, CHCls).

(2S,3R,3aR,7aR)-7a-Isopropyl-5-0xo0-2-phenyl-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-carbaldehyde (4l): The title compound was prepared
according to General Procedure B using p-quinol 1c (152 mg, 1.00 mmol) and ao,p-
unsaturated aldehyde 2a (198 mg, 1.50 mmol) affording a 6:1 (4l:Zothers) mixture
of diastereomers. Purification provided 4l (202 mg, 71% yield, 10:1 dr) as a pale
yellow oil. The enantiomeric ratio was determined following reduction to 5I.
Analytical data for 41: *"H NMR (400 MHz, CDCls): § 9.02 (d, J = 2.0 Hz, 1H), 7.39-7.29 (m, 5H), 6.75
(dd, J = 10.4, 1.7 Hz, 1H), 6.28 (d, J = 10.4 Hz, 1H), 5.19 (d, J = 9.3 Hz, 1H), 3.34-3.31 (m, 1H),
3.12-3.07 (m, 1H), 2.74 (dd, J = 17.7, 6.0 Hz, 1H), 2.53 (d, J = 17.7 Hz, 1H), 2.34-2.23 (m, 1H), 1.21
(dd, J = 10.1, 7.0 Hz, 6H); *C NMR (101 MHz, CDCls): & 199.0, 197.1, 150.5, 136.8, 131.9, 128.9,
128.4, 126.4, 83.6, 78.6, 62.1, 39.1, 38.2, 35.4, 18.0, 17.1; IR (thin film): 2967, 1717, 1683, 1636,
1457, 1268, 1222 cm™; TLC (40% ethyl acetate:hexanes): R; = 0.60; HRMS (ESI): Calcd. for
C1gH2103 ([M+H]+) 285.1491, Found: 285.1486; [(X,]D -122 (C =0.8, CHCIg)
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(2S,3R,3aR,7aR)-7a-(2-((tert-Butyldimethylsilyl)oxy)ethyl)-5-oxo0-2-phenyl-
2,3,3a,4,5,7a-hexahydrobenzofuran-3-carbaldehyde (4m): The title
compound was prepared according to General Procedure B using p-quinol 1d
(268 mg, 1.00 mmol) and a,B-unsaturated aldehyde 2a (198 mg, 1.50 mmol)
affording a 13:1 (4m:Xothers) mixture of diastereomers. Purification provided 4m
(329 mg, 82% yield, >20:1 dr) as a pale yellow oil. The enantiomeric ratio was
determined following reduction to 5m. Analytical data for 4m: *H NMR (600 MHz, CDCls): § 8.99 (d,
J = 2.3 Hz, 1H), 7.36-7.34 (m, 2H), 7.30-7.27 (m, 3H), 6.75 (dd, J = 10.3, 1.9 Hz, 1H), 6.12 (d, J =
10.3 Hz, 1H), 5.22 (d, J = 9.8 Hz, 1H), 4.03-3.99 (m, 1H), 3.91-3.87 (m, 1H), 3.37-3.34 (m, 1H), 3.13
(dt, J = 9.6, 2.3 Hz, 1H), 2.83 (dd, J = 17.5, 5.5 Hz, 1H), 2.53 (dd, J = 17.5, 1.1 Hz, 1H), 2.24-2.19
(m, 1H), 2.15-2.11 (m, 1H), 0.90 (s, 9H), 0.08 (d, J = 6.9 Hz, 3H); **C NMR (151 MHz, CDCls): &
199.0, 197.1, 151.6, 137.0, 130.2, 128.9, 128.5, 126.4, 81.1, 79.0, 60.5, 58.4, 41.4, 39.9, 37.4, 25.8,
18.1, -5.5; IR (thin film): 2953, 2856, 1717, 1684, 1472, 1255, 1089, 837 cm™; TLC (40% ethyl
acetate:hexanes): R; = 0.69; HRMS (ESI): Calcd. for Cy3H330,Si ([M+H]"): 401.2149, Found:
401.2144; [a]p -69 (c = 1.2, CHCly).

Methyl 3-((2S,3R,3aR,7aR)-3-formyl-5-o0x0-2-phenyl-2,3,3a,4,5,7a-
hexahydrobenzofuran-7a-yl)propanoate (4n): The title compound was
prepared according to General Procedure B using p-quinol 1e (196 mg, 1.00
mmol) and o,p-unsaturated aldehyde 2a (198 mg, 1.50 mmol) affording a 6:1
(4n:Zothers) mixture of diastereomers. Purification provided 4n (246 mg, 75%
yield, >20:1 dr) as a pale yellow oil. The enantiomeric ratio was determined
following olefination to 8. Analytical data for 4n: *H NMR (400 MHz, CDCl5): & 8.96 (s, 1H), 7.36-7.22
(m, 5H), 6.71 (d, J = 10.4 Hz, 1H), 6.14 (d, J = 10.3 Hz, 1H), 5.19 (dd, J = 14.8, 1.8 Hz, 1H), 3.68 (s,
3H), 3.15-3.09 (m, 2H), 2.73-2.62 (m, 3H), 2.52 (d, J = 17.4 Hz, 1H), 2.38-2.22 (m, 2H); *C NMR
(101 MHz, CDCl3): 8 198.6, 196.3, 173.2, 150.3, 136.6, 131.0, 128.9, 128.5, 126.4, 80.5, 79.1, 60.3,
51.8, 40.6, 37.3, 31.4, 28.4; IR (thin film): 2952, 1733, 1717, 1683, 1636, 1200, 1028, 755 cm™; TLC
(40% ethyl acetate:hexanes): R; = 0.32; HRMS (ESI): Calcd. for CigH20s ([M+H]"): 329.1390,
Found: 329.1385; [a]p -78 (¢ = 0.9, CHCly).

Gram Scale Synthesis of 4d

o o
3b (20 mol%)
H PNBA (20 mol%)

toluene (0.25 M)
rt, 16 h
Me OH cl

1a 2d 4d

A 250-mL round bottom flask equipped with a magnetic stir bar was charged with a,B-unsaturated
aldehyde 2d (5.00 g, 30.0 mmol, 1.5 equiv), 3b (1.41 g, 4.0 mmol, 0.2 equiv), and 4-nitrobenzoic
acid (0.67 g, 4.0 mmol, 0.2 equiv) in toluene (80.0 mL, 0.25 M). The solution was stirred for 5 min at
room temperature until homogeneous. p-Quinol la (2.48 g, 20.0 mmol, 1.0 equiv) was added and
the reaction was allowed to stir for 16 h at room temperature. The reaction was diluted with EtOAc
(400 mL) and sequentially washed with sat. ag. NaHCO3 (1 x 100 mL), H,O (1 x 100 mL), and brine
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(1 x 100 mL). The organic layer was dried over Na,SO,, filtered, and concentrated in vacuo. The
diastereomeric ratio was determined by *H NMR analysis of the crude residue. The crude residue
was purified by column chromatography on silica gel eluting with 20% ethyl acetate:hexanes. The
obtained solid was recrystallized from 10% ethyl acetate:hexanes to afford 4d (4.76 g, 82% vyield,
>20:1 dr, >99.5:0.5 er) as colorless crystals (mp 150-153 °C).

General Procedure C for the Reduction of Aldehydes 4 to Alcohols 5

O (0]
H [e) NaBH, (0.25 equiv) H
R H MeOH (0.1 M) R OH
o) -78 °C, 15 min (o)
R? R?
4 5

A 10-mL round-bottom flask equipped with a magnetic stir bar was charged with aldehyde 4 (1.00
equiv) in MeOH (0.1 M). The solution was cooled to -78 °C. NaBH,4 (0.25 equiv) was added and the
reaction was allowed to stir for 15 min at -78 °C. The reaction was quenched with sat. aq. NH,CI (2
mL) at -78 °C and allowed to warm to room temperature. After stirring at room temperature for 30
min, the reaction was partitioned between CH,CIl, (15 mL) and H,O (30 mL). The layers were
separated and the aqueous layer was extracted with CH,Cl, (2 x 15 mL). The combined organic
extracts were dried over Na SOy, filtered, and concentrated in vacuo. The crude residue was purified
by column chromatography on silica gel to afford alcohol 5.

(2S,3S,3aR,7aR)-3-(Hydroxymethyl)-7a-methyl-2-phenyl-2,3,3a,4-
tetrahydrobenzofuran-5(7aH)-one (5a): The title compound was prepared
according to General Procedure C using aldehyde 4a (90 mg, 0.35 mmol) and
NaBH, (3.3 mg, 0.09 mmol) affording 5a (83 mg, 92% vyield) as a pale yellow oil.
Analytical data for 5a: *H NMR (600 MHz, CDCls): § 7.35-7.32 (m, 2H), 7.30-7.27
(m, 3H), 6.68 (dd, J = 10.3, 1.4 Hz, 1H), 6.02 (d, J = 10.3 Hz, 1H), 5.00 (d, J = 8.4
Hz, 1H), 3.25-3.19 (m, 2H), 2.71 (d, J = 17.2 Hz, 1H), 2.65 (dd, J = 16.8, 4.9 Hz,
1H), 2.46-2.39 (m, 2H), 1.62 (s, 3H), 1.40 (bs, 1H); **C NMR (151 MHz, CDCls): & 197.7, 152.8,
138.6, 129.0, 128.3, 127.8, 126.4, 80.3, 79.0, 62.5, 49.7, 46.7, 37.9, 23.4; IR (thin film): 3445, 2937,
1683, 1456, 1387, 1027, 703 cm™; TLC (50% ethyl acetate:hexanes): R; = 0.38; HRMS (ESI): Calcd.
for CaH3sNaOg ([2M+Na]"): 539.2410, Found: 539.2419; SFC Chiralpak OD, 9% MeOH, pressure =
150 bar, flow rate = 1.5 mL/min, A = 210 nm, tr minory 13.6 MiN, tr major) 14.7 mMin, >99.5:0.5 er; [a]p -
117 (c = 1.2, CHCly).

(2S,3S,3aR,7aR)-3-(Hydroxymethyl)-2-(4-methoxyphenyl)-7a-methyl-2,3,3a,4-
tetrahydrobenzofuran-5(7aH)-one (5b): The title compound was prepared
according to General Procedure C using aldehyde 4b (129 mg, 0.45 mmol) and
NaBH, (4.1 mg, 0.11 mmol) affording 5b (108 mg, 83% yield) as a pale yellow oil.
Analytical data for 5b: 'H NMR (400 MHz, CDCl3): 6 7.21 (d, J = 7.9 Hz, 2H), 6.86
(d, J=7.7 Hz, 2H), 6.67 (d, J = 10.2 Hz, 1H), 6.01 (d, J = 10.2 Hz, 1H), 4.97 (d, J =
7.6 Hz, 1H), 3.77 (s, 3H), 3.24-3.23 (m, 2H), 2.72-2.61 (m, 2H), 2.43-2.38 (m, 2H),

OMe 160 (s, 3H); *C NMR (101 MHz, CDCls): & 197.7, 159.1, 152.9, 130.6, 129.0,
127.6, 113.7, 80.0, 78.9, 62.5, 55.2, 49.8, 46.6, 37.8, 23.5; IR (thin film): 3420, 2928, 1671, 1514,
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1248, 1174, 1033, 835 cm™; TLC (50% ethyl acetate:hexanes): R; = 0.24; HRMS (ESI): Calcd. for
Ci17H0NaO,4 ([M+Na]™): 311.1260, Found: 311.1255; HPLC Chiralpak IC, H:IPA = 55:45, flow rate =
1.0 mL/min, A = 210 nm, tr (major) 16.0 Min, tr (minor) 20.7 min, 98:2 er; [a]p -99 (c = 1.0, CHCls).

(2S,3S,3aR,7aR)-3-(Hydroxymethyl)-7a-methyl-2-(4-nitrophenyl)-2,3,3a,4-
tetrahydrobenzofuran-5(7aH)-one (5c): The title compound was prepared
according to General Procedure C using aldehyde 4c (135 mg, 0.45 mmol) and
on NaBH4 (4.1 mg, 0.11 mmol) affording 5¢ (109 mg, 80% yield) as a white solid (mp
135-137 °C). Analytical data for 5¢: *H NMR (400 MHz, CDCly): & 8.17 (d, J = 8.7
Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H), 6.68 (dd, J = 10.2, 1.7 Hz, 1H), 6.03 (d, J = 10.2
Hz, 1H), 5.11 (d, J = 9.0 Hz, 1H), 3.24-3.16 (m, 2H), 2.74-2.63 (m, 2H), 2.58-2.50
(m, 1H), 2.42-2.39 (m, 1H), 1.65 (s, 3H), 1.59 (bs, 1H); **C NMR (101 MHz,
CDCl,): 6 197.4, 152.3, 147.3, 146.4, 129.3, 127.6, 123.2, 79.6, 79.6, 62.3, 49.8, 46.9, 37.9, 23.5; IR
(thin film): 3431, 1671, 1520, 1347, 1231, 1121, 1047 cm™: TLC (50% ethyl acetate:hexanes): R =
0.22; HRMS (ESI): Calcd. for C16H17NNaOs ([M+Na]*): 326.1005, Found: 326.0999; SFC Chiralpak
OD, 9% MeOH, pressure = 150 bar, flow rate = 3.0 mL/min, & = 210 nm, tg (minor) 26.1 MIN, tr (major)
28.4 min, >99.5:0.5 er; [a]p -98 (c = 1.5, CHCIy).

NO,

(2S,3S,3aR,7aR)-2-(2-Chlorophenyl)-3-(hydroxymethyl)-7a-methyl-2,3,3a,4-
tetrahydrobenzofuran-5(7aH)-one (5d): The title compound was prepared
according to General Procedure C using aldehyde 4d (250 mg, 0.86 mmol) and
NaBH, (8.1 mg, 0.21 mmol) affording 5d (234 mg, 93% vyield) as a white solid (mp
147-148 °C). Analytical data for 5d: *H NMR (400 MHz, CDCl3): & 7.58 (dd, J = 7.7,
1.6 Hz, 1H), 7.33-7.19 (m, 3H), 6.67 (dd, J = 10.2, 1.1 Hz, 1H), 6.09 (dd, J = 10.2,
1.0 Hz, 1H), 5.20 (dd, J = 13.8, 5.8 Hz, 1H), 3.32-3.29 (m, 1H), 3.16-3.13 (m, 1H),
2.77 (d, 3 = 17.3 Hz, 1H), 2.67 (dd, J = 17.3, 5.3 Hz, 1H), 2.58-2.50 (m, 2H), 1.63 (s, 3H), 1.30 (bs,
1H); **C NMR (101 MHz, CDCls): & 197.9, 152.3, 136.6, 131.9, 130.2, 129.2, 128.7, 127.4, 126.8,
78.8, 76.8, 62.9, 48.5, 47.3, 38.4, 23.3; IR (thin film): 3420, 1683, 1558, 1473, 1374, 1121, 1049,
748 cm™; TLC (50% ethyl acetate:hexanes): R; = 0.38; HRMS (ESI): Calcd. for C1H15CIO3 ([M+H]"):
293.0945, Found: 293.0939; SFC Chiralpak OD, 9% MeOH, pressure = 150 bar, flow rate = 1.5
mL/min, A = 210 nm, tr (minor) 10.2 Min, tr majory 13.1 min, >99.5:0.5 er; [a]p -201 (¢ = 0.7, CHCI5).

(2S,3S,3aR,7aR)-3-(Hydroxymethyl)-2-(2-methoxyphenyl)-7a-methyl-2,3,3a,4-
tetrahydrobenzofuran-5(7aH)-one (5e): The title compound was prepared
according to General Procedure C using aldehyde 4e (200 mg, 0.70 mmol) and
NaBH, (6.7 mg, 0.17 mmol) affording 5e (176 mg, 87% vyield) as a white solid (mp
124-126 °C). Analytical data for 5e: *H NMR (600 MHz, CDCls): § 7.51 (d, J = 7.4
Hz, 1H), 7.30-7.27 (m, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.89 (d, J = 8.2 Hz, 1H), 6.71
(dd, J =10.2, 1.1 Hz, 1H), 6.08 (d, J = 10.3 Hz, 1H), 5.26 (d, J = 7.9 Hz, 1H), 3.82
(s, 3H), 3.25 (bs, 2H), 2.74-2.67 (m, 2H), 2.53-2.48 (m, 2H), 1.62 (s, 3H), 1.36 (bs, 1H); **C NMR
(151 MHz, CDCls): 8 198.0, 155.5, 153.0, 129.5, 128.6, 127.3, 126.2, 120.8, 110.1, 78.5, 75.2, 62.5,
55.29," 55.25% 49.2, 46.1, 38.1, 23.4 ("Rotomer A, *Rotomer B); IR (thin film): 3446, 2929, 1682,
1491, 1244, 1125, 1046, 756 cm™: TLC (50% ethyl acetate:hexanes): Ry = 0.30; HRMS (ESI): Calcd.
for C17HoNaO4 ((M+Na]"): 311.1260, Found: 311.1254; SFC Chiralpak OD, 9% MeOH, pressure =
150 bar, flow rate = 1.5 mL/min, & = 210 nm, tr (minory 10.9 Min, tg (majory 12.0 min, >99.5:0.5 er; [a]p -
175 (c = 1.5, CHCly).
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(2S,3S,3aR,7aR)-3-(Hydroxymethyl)-7a-methyl-2-(2-(trifluoromethyl)phenyl)-
2,3,3a,4-tetrahydrobenzofuran-5(7aH)-one (5f): The title compound was prepared
according to General Procedure C using aldehyde 4f (195 mg, 0.60 mmol) and
NaBH, (5.6 mg, 0.15 mmol) affording 5f (161 mg, 82% vyield) as a white solid (mp
133-135 °C). Analytical data for 5f: *H NMR (600 MHz, CDCls): § 7.74 (d, J = 7.9
Hz, 1H), 7.61 (d, J = 7.9 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H),
6.68 (dd, J = 10.3, 2.0 Hz, 1H), 6.08 (dd, J = 10.3, 0.9 Hz, 1H), 5.23 (d, J = 9.0 Hz,
1H), 3.18 (dd, J = 10.9, 5.0 Hz, 1H), 3.08-3.05 (m, 1H), 2.80 (ddd, J =17.5, 2.0, 1.1 Hz, 1H), 2.66 (d,
J = 17.3 Hz, 1H), 2.50-2.47 (m, 1H), 2.42-2.37 (m, 1H), 1.64 (s, 3H), 1.63 (bs, 1H); *C NMR (151
MHz, CDCl3): 6 198.0, 152.3, 136.7, 131.6, 130.2, 128.1, 127.8, 127.4 (q, Jc_r = 30.4 Hz), 125.7 (q,
Jer = 5.6 Hz), 124.0 (q, Je_r = 274.2 Hz), 79.0, 75.8, 63.7, 49.7, 48.5, 38.5, 23.3; >F NMR (565
MHz, CDCl,): 8 -59.2; IR (thin film): 3432, 2931, 1677, 1313, 1163, 1123, 1035, 771 cm™; TLC (50%
ethyl acetate:hexanes): R; = 0.37; HRMS (ESI): Calcd. for Cyi7Hi7FsNaOs; ([M+Na]™): 349.1028,
Found: 349.1020; SFC Chiralpak OD, 9% MeOH, pressure = 150 bar, flow rate = 1.5 mL/min, A =
210 nm, tg (minor) 5.3 MIN, tr major) 6.6 Min, 99.5:0.5 er; [a]p -124 (c = 1.5, CHCI).

(2S,3S,3aR,7aR)-3-(Hydroxymethyl)-2-mesityl-7a-methyl-2,3,3a,4-
tetrahydrobenzofuran-5(7aH)-one (5g): The title compound was prepared
according to General Procedure C using aldehyde 4g (142 mg, 0.48 mmol) and
NaBH, (4.5 mg, 0.12 mmol) affording 5g (127 mg, 88% vyield) as a pale yellow oil.
Analytical data for 5g: *H NMR (600 MHz, CDCls): § 6.80 (s, 1H), 6.77 (s, 1H), 6.66
(dd, J = 10.3, 1.9 Hz, 1H), 6.07 (d, J = 10.3 Hz, 1H), 5.24 (d, J = 9.3 Hz, 1H), 3.31-
3.28 (m, 2H), 2.78 (d, J = 17.2 Hz, 1H), 2.66 (dd, J = 17.2, 5.2 Hz, 1H), 2.48-2.43
(m, 1H), 2.45 (s, 3H), 2.38-2.36 (m, 1H), 2.22 (s, 3H), 2.18 (s, 3H), 1.35 (bs, 1H);
13C NMR (151 MHz, CDCly): 8 197.9, 153.0, 136.9, 136.4, 135.5, 131.4, 130.3, 130.0, 129.2, 78.7,
77.67,7 77.66,F 63.5, 49.3, 48.2, 38.4, 22.9,7 22.8,* 20.70,T 20.69,F 20.67,' 20.66* ('Rotomer A,
*Rotomer B); IR (thin film): 3444, 2925, 1673, 1457, 1371, 1126, 1052, 754 cm™; TLC (50% ethyl
acetate:hexanes): R; = 0.42; HRMS (ESI): Calcd. for CigHz503 ([M+H]"): 301.1804, Found:
301.1799; SFC Chiralpak OD, 9% MeOH, pressure = 150 bar, flow rate = 1.5 mL/min, A = 210 nm, tg
(minory 10.1 min, tr majory 12.1 min, 99:1 er; [a]p -136 (c = 1.5, CHCly).

(2S,3S,3aR,7aR)-3-(Hydroxymethyl)-7a-methyl-2-(thiophen-2-yl)-2,3,3a,4-
tetrahydrobenzofuran-5(7aH)-one (5i): The title compound was prepared
according to General Procedure C using aldehyde 4i (95 mg, 0.36 mmol) and
NaBH, (3.4 mg, 0.09 mmol) affording 5i (83 mg, 87% vyield) as a white solid (mp 99-
101 °C). Analytical data for 5i: *H NMR (400 MHz, CDCls): 8 7.28-7.26 (m, 1H),
7.00-6.96 (m, 2H), 6.67 (dd, J = 10.2 Hz, 1H), 5.97 (d, J = 10.2 Hz, 1H), 5.39 (d, J =
7.9 Hz, 1H), 3.44 (bs, 2H), 2.74-2.63 (m, 2H), 2.57-2.46 (m, 2H), 1.62 (s, 3H), 1.37
(bs, 1H); *C NMR (101 MHz, CDCls): § 197.2, 152.7, 143.3, 128.3, 126.9, 125.1, 124.4, 79.7, 77.5,
61.8, 49.7, 45.6, 37.3, 23.8; IR (thin film): 3430, 2924, 1672, 1374, 1236, 1115, 1027, 708 cm™; TLC
(50% ethyl acetate:hexanes): R = 0.32; HRMS (ESI): Calcd. for C14H:60sNaS ([M+Na]"): 287.0718,
Found: 287.0713; SFC Chiralpak OD, 9% MeOH, pressure = 150 bar, flow rate = 1.5 mL/min, A =
210 nm, tr (minor) 16.8 min, tg majory 18.6 min, 97:3 er; [a]p -77 (¢ = 1.2, CHCIy).
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(2S,3S,3aR,7aR)-7a-Ethyl-3-(hydroxymethyl)-2-phenyl-2,3,3a,4-
tetrahydrobenzofuran-5(7aH)-one (5k): The title compound was prepared
according to General Procedure C using aldehyde 4k (189 mg, 0.70 mmol) and
NaBH, (6.6 mg, 0.18 mmol) affording 5k (141 mg, 74% vyield) as a pale yellow oil.
Analytical data for 5k: *H NMR (400 MHz, CDCls): § 7.37-7.26 (m, 5H), 6.72 (dd,
J =10.3, 1.8 Hz, 1H), 6.11 (d, J = 10.3 Hz, 1H), 5.01 (d, J = 8.7 Hz, 1H), 3.27-
3.19 (m, 2H), 2.71 (dd, J = 17.3, 1.5 Hz, 1H), 2.64 (dd, J = 17.4, 1.1 Hz, 1H),
2.52-2.40 (m, 2H), 2.08-1.86 (m, 2H), 1.49 (bs, 1H), 1.16 (t, J = 7.5 Hz, 3H); **C NMR (101 MHz,
CDClg): 6 198.1, 152.2, 138.6, 130.0, 128.3, 127.7, 126.4, 81.0, 79.8, 77.2, 62.7, 50.1, 44.3, 38.4,
30.1, 8.1; IR (thin film): 3420, 2925, 1683, 1558, 1457, 1027, 703 cm™; TLC (50% ethyl
acetate:hexanes): R; = 0.34; HRMS (ESI): Calcd. for Ci7HxNaOs ([M+Na]"): 295.1310, Found:
295.1305; SFC Chiralpak OD, 9% MeOH, pressure = 150 bar, flow rate = 1.5 mL/min, A = 210 nm, tg
(minor) 12.5 min, tr (major) 14.6 min, >99.5:0.5 er; [(X,]D -126 (C =1.6, CHC|3)

(2S,3S,3aR,7aR)-3-(Hydroxymethyl)-7a-isopropyl-2-phenyl-2,3,3a,4-
tetrahydrobenzofuran-5(7aH)-one (5l1): The title compound was prepared
according to General Procedure C using aldehyde 4l (108 mg, 0.38 mmol) and
NaBH, (3.6 mg, 0.09 mmol) affording 5| (81 mg, 74% vyield) as a pale yellow oil.
Analytical data for 5I: *H NMR (400 MHz, CDCl5): § 7.37-7.27 (m, 5H), 6.69 (dd, J
=10.4, 1.4 Hz, 1H), 6.23 (d, J = 10.4 Hz, 1H), 4.97 (d, J = 8.5 Hz, 1H), 3.32-3.24
(m, 2H), 2.69-2.59 (m, 3H), 2.40-2.32 (m, 1H), 2.27-2.17 (m, 1H), 1.16 (dd, J =
12.4, 6.9 Hz, 6H), 0.92 (bs, 1H); **C NMR (101 MHz, CDCls): § 198.2, 150.9, 138.4, 131.5, 128.5,
127.9, 126.3, 82.9, 79.1, 62.7, 51.8, 42.2, 39.8, 35.6, 18.0, 17.1; IR (thin film): 3420, 2963, 1683,
1558, 1387, 1265, 1051, 714 cm™; TLC (50% ethyl acetate:hexanes): R; = 0.41; HRMS (ESI): Calcd.
for CigH22NaO; ([M+Na]™): 309.1467, Found: 309.1461; SFC Chiralpak OD, 9% MeOH, pressure =
150 bar, flow rate = 1.5 mL/min, A = 210 nm, tg (minory 11.2 MiN, tr majory 13.9 min, 99:1 er; [a]p -131 (c
= 2.0, CHCly).

(2S,3S,3aR,7aR)-7a-(2-((tert-Butyldimethylsilyl)oxy)ethyl)-3-
(hydroxymethyl)-2-phenyl-2,3,3a,4-tetrahydrobenzofuran-5(7aH)-one (5m):
The title compound was prepared according to General Procedure C using
aldehyde 4m (274 mg, 0.68 mmol) and NaBH, (6.5 mg, 0.17 mmol) affording
5m (238 mg, 87% vield) as a pale yellow oil. Analytical data for 5m: *H NMR
(400 MHz, CDClg): 6 7.37-7.27 (m, 5H), 6.72 (dd, J = 10.3, 1.8 Hz, 1H), 6.07 (d,
J=10.3 Hz, 1H), 5.03 (d, J = 9.0 Hz, 1H), 4.02-3.97 (m, 1H), 3.93-3.87 (m, 1H),
3.27 (t, J = 5.3 Hz, 2H), 2.78 (dd, J = 17.5, 5.6 Hz, 1H), 2.69-2.64 (m, 2H), 2.49-2.41 (m, 1H), 2.22-
2.07 (m, 2H), 0.97 (bs, 1H), 0.89 (s, 9H), 0.08 (d, J = 3.4 Hz, 6H); *C NMR (101 MHz, CDCls): &
198.0, 152.1, 138.7, 129.6, 128.4, 127.9, 126.5, 80.4, 80.0, 62.5, 58.6, 50.0, 44.9, 40.4, 38.0, 25.8,
18.1, -5.43, -5.44; IR (thin film): 3444, 2953, 1671, 1472, 1255, 1091, 836 cm™; TLC (50% ethyl
acetate:hexanes): R; = 0.50; HRMS (ESI): Calcd. for Cy3H3404NaSi ([M+Na]’): 425.2124, Found:
425.2119; SFC Chiralpak AD, 9% MeOH, pressure = 150 bar, flow rate = 1.5 mL/min, A = 210 nm, tg
(major) 7.7 MiN, tr (minory 9.3 Min, 99:1 er; [a]p -71 (c = 1.0, CHCly).
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General Procedure D for the Conversion of 4h and 4j to Sla and S1b

(0] (0] (0]
BzCl
H [e) NaBH, (0.25 equiv) H DMAP, Et;N H
H MeOH (0.1 M) CH,ClI, (0.1 M)
RTS 78°C,15min R 0 OH rt, 60 min RYS OBz
R2 R2 R2
4 S1

A 10-mL round-bottom flask equipped with a magnetic stir bar was charged with aldehyde 4 (1.00
equiv) in MeOH (0.1 M). The solution was cooled to -78 °C. NaBH, (0.25 equiv) was added and the
reaction was allowed to stir for 15 min at -78 °C. The reaction was quenched with sat. aq. NH4CI (2
mL) at -78 °C and allowed to warm to room temperature. After stirring at room temperature for 30
min, the reaction was partitioned between CH,Cl, (15 mL) and H,O (30 mL). The layers were
separated and the aqueous layer was extracted with CH,Cl, (2 x 15 mL). The combined organic
extracts were dried over Na,SQ,, filtered, and concentrated in vacuo to afford the crude alcohol,
which was used without further purification.

A flame-dried 10-mL round-bottom flask equipped with a magnetic stir bar was charged with the
crude alcohol (1.00 equiv) in CH,Cl; (0.1 M). 4-Dimethylaminopyridine (0.10 equiv), benzoyl chloride
(1.20 equiv), and triethylamine (3.00 equiv) were added sequentially. The reaction was allowed to
stir for 60 min at room temperature. The reaction was quenched with sat. ag. NH4Cl (2 mL). The
reaction was partitioned between CH,Cl, (15 mL) and H,O (30 mL). The layers were separated and
the agqueous layer was extracted with CH,Cl;, (2 x 15 mL). The combined organic extracts were dried
over Na,SO,, filtered, and concentrated in vacuo. The crude residue was purified by column
chromatography on silica gel to afford benzoate S1.

((2S,3S,3aR,7aR)-7a-Methyl-5-0x0-2-(1-tosyl-1H-indol-3-yl)-2,3,3a,4,5,7a-
hexahydrobenzofuran-3-yl)methyl benzoate (Sla): The title compound was
prepared according to General Procedure D using aldehyde 4h (300 mg, 0.67
mmol) affording Sla (193 mg, 52% yield) as a viscous pale yellow oil. Analytical
data for S1a: *H NMR (600 MHz, CDCls): § 7.92 (d, J = 8.4 Hz, 1H), 7.67 (d, J = 8.4
Hz, 2H), 7.64 (s, 1H), 7.54 (d, J = 7.1 Hz, 2H), 7.48-7.45 (m, 2H), 7.31-7.27 (m,
3H), 7.16 (t, J = 7.5 Hz, 1H), 7.08 (d, J = 8.2 Hz, 2H), 6.70 (dd, J = 10.3, 1.7 Hz,
1H), 6.14 (d, J = 10.3 Hz, 1H), 5.29 (d, J = 8.4 Hz, 1H), 4.04 (dd, J = 11.3, 7.4 Hz,
1H), 3.90 (dd, J = 11.3, 6.8 Hz, 1H), 2.81-2.72 (m, 3H), 2.49-2.47 (m, 1H), 2.23 (s, 3H), 1.67 (s, 3H);
3C NMR (151 MHz, CDCls): 5 196.9, 165.8, 151.8, 144.9, 135.0, 134.7, 132.8, 130.2, 129.7, 129.2,
128.9, 128.2, 126.5, 124.9, 123.8, 123.7, 123.4, 119.7, 119.5, 113.8, 78.8, 73.8, 64.74, 64.68,"
64.6,F 48.3, 46.7, 38.2, 23.5, 21.42," 21.39* ('Rotomer A, *Rotomer B); IR (thin film): 2974, 17186,
1683, 1372, 1271, 1174, 1120, 750 cm™; TLC (40% ethyl acetate:hexanes): R; = 0.26; HRMS (ESI):
Calcd. for CesHsgN2NaO1,S; ([2M+Na]*): 1133.3330, Found: 1133.3330; SFC Chiralpak AD, 10%
MeOH, pressure = 150 bar, flow rate = 3.0 mL/min, A = 210 nm, tg majory 18.8 Min, tg (minory 27.4 min,
>99.5:0.5 er; [a]p -52 (c = 1.6, CHCl5).
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o ((2R,3S,3aR,7aR)-2,7a-Dimethyl-5-0x0-2,3,3a,4,5,7a-hexahydrobenzofuran-3-
yl)methyl benzoate (S1b): The title compound was prepared according to
H General Procedure D using aldehyde 4j (90 mg, 0.46 mmol) affording S1b (32 mg,
23% yield) as a pale yellow oil. Analytical data for S1b:*H NMR (600 MHz, CDCly):
§8.02 (dd, J = 8.4, 1.1 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.47-7.44 (m, 2H), 6.62
(dd, J = 10.3, 1.8 Hz, 1H), 6.01 (dd, J = 10.3, 0.7 Hz, 1H), 4.41 (dd, J = 11.2, 6.9
Hz, 1H), 4.30 (d, J = 11.2, 7.0 Hz, 1H), 4.22-4.17 (m, 1H), 2.75 (dd, J = 17.2, 1.0 Hz, 1H), 2.67 (dd, J
=17.2, 5.4 Hz, 1H), 2.51-2.46 (m, 1H), 2.35-2.32 (m, 1H), 1.51 (s, 3H), 1.28 (d, J = 6.6 Hz, 3H); °C
NMR (151 MHz, CDCly): & 197.3, 166.4, 152.9, 133.2, 129.6, 129.5, 128.9, 128.5, 78.3, 74.31,"
74.28* 64.3, 47.6, 45.3, 37.9, 24.1, 16.7 (TRotomer A, *Rotomer B); IR (thin film): 2973, 1717, 1684,
1456, 1273, 1114, 713 cm™; TLC (40% ethyl acetate:hexanes): R; = 0.31; HRMS (ESI): Calcd. for
CigH2oNaO,4 ([M+Na]"): 323.1260, Found: 323.1252; SFC Chiralpak AD, 9% MeOH, pressure = 150
bar, flow rate = 1.5 mL/min, A = 210 nm, tg (major) 6.4 MIN, tg (minor) 8.1 Min, 99.5:0.5 er; [a]p -9 (c = 1.4,
CHCIy).

Me” OBz
Me

Svnthesis of Benzoate 6 from 5a

4-NO,BzCl
DMAP, Et;N
CH,Cl, (0.1 M)
rt, 60 min
5a 6
((2S,3S,3aR,7aR)-7a-Methyl-5-oxo0-2-phenyl-2,3,3a,4,5,7a-hexahydrobenzofuran-3-yl)methyl 4-

nitrobenzoate (6): A flame-dried 10-mL round-bottom flask equipped with a magnetic stir bar was
charged with alcohol 5a (77 mg, 0.30 mmol, 1.00 equiv) in CHxCl, (3 mL, 0.1 M). 4-
Dimethylaminopyridine (3.7 mg, 0.03 mmol, 0.10 equiv), 4-nitrobenzoyl chloride (67 mg, 0.36 mmol,
1.20 equiv), and triethylamine (125 plL, 0.90 mmol, 3.00 equiv) were added sequentially. The
reaction was allowed to stir for 60 min at room temperature. The reaction was quenched with sat. ag.
NH4CI (2 mL). The reaction was partitioned between CH,Cl, (15 mL) and H,O (30 mL). The layers
were separated and the aqueous layer was extracted with CH,Cl, (2 x 15 mL). The combined
organic extracts were dried over Na,SOy, filtered, and concentrated in vacuo. The crude residue was
purified by column chromatography on silica gel to afford benzoate 6 (102 mg, 83% vyield) as a white
solid (mp 125-126 °C). Analytical data for 6: *H NMR (400 MHz, CDCls): & 8.15 (d, J = 8.9 Hz, 2H),
7.90 (d, J = 8.8 Hz, 2H), 7.26-7.10 (m, 5H), 6.64 (dd, J = 10.2, 1.8 Hz, 1H), 5.99 (d, J = 10.2 Hz, 1H),
5.03 (d, J = 8.8 Hz, 1H), 3.95-3.83 (m, 2H), 2.74-2.64 (m, 3H), 2.38-2.35 (m, 1H), 1.58 (s, 3H); °C
NMR (101 MHz, CDCl3): & 196.8, 164.0, 152.4, 150.5, 137.8, 134.9, 130.5, 129.3, 128.3, 128.0,
126.5, 123.5, 80.2, 79.2, 65.6, 47.8, 46.7, 38.0, 23.6; IR (thin film): 2975, 1725, 1683, 1529, 1371,
1279, 1171, 1133 cm™; TLC (40% ethyl acetate:hexanes): Ry = 0.33; HRMS (ESI): Calcd. for
CaHa2N2NaO1, ([2M+Na]’): 837.2636, Found: 837.2626; [a]p -50 (¢ = 0.5, CHCly).

X-ray suitable crystals were grown by dissolving 6 (100 mg) in a minimal amount of acetone (~0.2
mL) in a 20-mL scintillation vial. Without disturbing the acetone layer, hexanes (~4 mL) was carefully
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pipetted on top to form a second layer. The vial was capped and carefully transferred to a freezer (-
10 °C) where it was left to age overnight.

Svynthesis of Epoxide 7 from 4d

o)
H,0,/NaOH © H
MeOH:CH,Cl, (3:1) Me™ o H
0°C
Cl
ad 7

(1aR,3aR,4R,5S,6aS,6bS)-5-(2-Chlorophenyl)-6a-methyl-2-oxooctahydrooxireno[2,3-
g]benzofuran-4-carbaldehyde (7): A 10-mL round-bottom flask equipped with a magnetic stir bar
was charged with aldehyde 4d (116 mg, 0.40 mmol, 1.0 equiv) in MeOH:CH,CI, (3:1) (1.6 mL, 0.25
M). The solution was cooled to 0 °C. H,O; (30 wt. % in H,0) (0.8 mL) and NaOH (20 wt. % in H,0)
(0.2 mL) were sequentially added. The reaction was allowed to at 0 °C for 12 h. The reaction was
carefully quenched with sat. ag. Na,S,03; (5 mL) to remove excess peroxides. The reaction was
partitioned between CH,CI, (15 mL) and H,O (30 mL). The layers were separated and the aqueous
layer was extracted with CH,Cl, (2 x 15 mL). The combined organic extracts were dried over
Na,SO,, filtered, and concentrated in vacuo. The crude residue was purified by column
chromatography on silica gel to afford epoxide 7 (117 mg, 95% yield, >20:1 dr) as a white solid (mp
73 °C). Analytical data for 7: "H NMR (600 MHz, CDCls): § 9.03 (d, J = 1.4 Hz, 1H), 7.47 (dd, J = 7.6,
1.5 Hz, 1H), 7.36 (dd, J = 7.8, 1.5 Hz, 1H), 7.30-7.24 (m, 2H), 5.54 (d, J = 8.3 Hz, 1H), 3.50 (dd, J =
3.7, 1.8 Hz, 1H), 3.41 (dd, J = 3.7, 0.7 Hz, 1H), 3.33-3.31 (m, 1H), 3.13-3.10 (m, 1H), 3.07 (dd, J =
13.8, 5.3 Hz, 1H), 2.07 (ddd, J = 13.8, 2.6, 0.9 Hz, 1H), 1.77 (s, 3H); *C NMR (151 MHz, CDCls): &
206.0, 197.9, 134.1, 131.3, 129.5, 129.4, 127.4, 127.2, 78.2, 76.8, 64.3, 58.7, 55.7, 46.1, 35.3, 23.0;
IR (thin film): 2978, 1720, 1684, 1653, 1541, 1473, 1375, 1127, 1034 cm™; TLC (20% ethyl
acetate:hexanes): R; = 0.28; HRMS (ESI): Calcd. for Ca;H30Cl,NaOg ([2M+Na]*): 635.1216, Found:
635.1217; [a]p -104 (c = 1.3, CHCI5).

Svynthesis of Diester 8 from 4n

O O
. CO,Et

H THF,0°Ctort
o} o

MeO,C Ph MeO,C Ph
4n 8

(E)-Ethyl 3-((2S,3R,3aR,7aR)-7a-(3-methoxy-3-oxopropyl)-5-oxo-2-phenyl-2,3,3a,4,5,7a-

hexahydrobenzofuran-3-yl)acrylate (8): A flame-dried 10-mL round-bottom flask equipped with a
magnetic stir bar was charged with NaH (60%) (23 mg, 0.57 mmol, 1.25 equiv) suspended in THF (2
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mL). The suspension was cooled to 0 °C. Triethyl phosphonoacetate (115 uL, 0.57 mmol, 1.25
equiv) was added dropwise. The homogenous solution was allowed to stir at 0 °C for 20 min before
a solution of aldehyde 4n (150 mg, 0.46 mmol, 1.00 equiv) in THF (0.5 mL) was added dropwise.
The ice bath was removed and the resulting solution was allowed to stir for 3 h as it slowly warmed
to room temperature. The reaction was cooled to 0 °C and quenched with sat. ag. NH4CI (5 mL). The
reaction was diluted with Et,O (30 mL) and washed with H,O (15 mL) and brine (15 mL). The
organic layer was dried over MgSQ,, filtered, and concentrated in vacuo. The crude residue was
purified by column chromatography on silica gel to afford diester 8 (176 mg, 96% vyield, >20:1 E:Z)
as a pale yellow oil. Analytical data for 8: *H NMR (600 MHz, CDCls): & 7.31 (t, J = 7.4 Hz, 2H), 7.26-
7.23 (m, 1H), 7.17 (d, J = 7.4 Hz, 2H), 6.78 (dd, J = 10.3, 2.0 Hz, 1H), 6.12-6.08 (m, 2H), 5.65 (d, J =
15.5 Hz, 1H), 5.13 (d, J = 9.1 Hz, 1H), 4.10-3.99 (m, 2H), 3.70 (s, 3H), 3.06 (q, J = 9.7 Hz, 1H), 2.74-
2.61 (m, 3H), 2.49 (d, J = 17.8 Hz, 1H), 2.46-2.43 (m, 1H), 2.38-2.26 (m, 2H), 1.17 (t, J = 7.1 Hz,
3H); 3¢ NMR (151 MHz, CDCly): 6 196.3, 173.4, 165.4, 150.9, 145.7, 138.0, 130.1, 128.4, 127.9,
126.3, 123.2, 81.7, 80.9, 60.3, 52.1, 51.9, 47.2, 36.1, 32.4, 28.6, 14.0; IR (thin film): 1734, 17186,
1683, 1456, 1387, 1248, 1175, 1028 cm™; TLC (50% ethyl acetate:hexanes): R; = 0.50; HRMS
(ESI): Calcd. for Cx3HasNaOg ([M+Na]"): 421.1627, Found: 421.1622; SFC Chiralpak OD, 9% MeOH,
pressure = 150 bar, flow rate = 1.5 mL/min, A = 210 nm, tg major) 9-4 MiN, tg (minory 10.4 mMin, >99.5:0.5
er; [a]p -17 (c = 1.6, CHCly).

Svynthesis of bis(Tetrahydrofuran) 9 from 4m

o} O
H o HF-pyridine H O
H THF,0°Ctort o) H
o O
TBSO™ 4, Ph g Ph

(3aS,5S,6R,6aR,9aS)-8-0Ox0-5-phenyloctahydro-2H-benzo[1,2-b:2,3-b']difuran-6-carbaldehyde
(9): A 20-mL Nalgene® scintillation vial equipped with a magnetic stir bar was charged with silyl ether
4m (400 mg, 1.00 mmol, 1.00 equiv) in THF (10 mL, 0.1 M). The solution was cooled to 0 °C. HF-
pyridine (70% HF) (4 mL) was slowly added to the reaction. The ice bath was removed and the
resulting solution was allowed to stir for 3 h as it slowly warmed to room temperature. The reaction
was quenched by carefully pipetting the reaction mixture into a beaker containing sat. aq. NaHCO3;
(60 mL). The biphasic solution was diluted with H,O (40 mL) and extracted with CH,CI; (3 x 40 mL).
The combined organic extracts were dried over Na,SO,, filtered, and concentrated in vacuo. The
crude residue was purified by column chromatography on silica gel to afford tricycle 9 (235 mg, 82%
yield, >20:1 dr) as a pale yellow oil. Analytical data for 9: *H NMR (400 MHz, CDCl5): § 9.05 (s, 1H),
7.38-7.34 (m, 2H), 7.31-7.28 (m, 3H), 5.47 (d, J = 8.5 Hz, 1H), 4.17 (t, J = 5.4 Hz, 1H), 4.07 (dt, J =
8.6, 3.1 Hz, 1H), 3.98 (q, J = 8.9 Hz, 1H), 3.20 (g, J = 6.0 Hz, 1H), 3.09 (t, J = 7.2 Hz, 1H), 2.70-2.57
(m, 3H), 2.55-2.49 (m, 1H), 2.43-2.34 (m, 2H); *C NMR (101 MHz, CDCls): § 207.3, 198.8, 136.7,
128.8, 128.4, 125.9, 89.1, 80.4, 80.1, 66.5, 60.6, 43.1, 40.8, 38.9, 38.3; IR (thin film): 1716, 1653,
1636, 1541, 1457, 1397, 1209, 1065 cm™; TLC (40% ethyl acetate:hexanes): Ry = 0.25; HRMS
(ESI): Calcd. for C17H1sNaO, ([M+Na]): 309.1103, Found: 309.1100; [a]p -72 (¢ = 1.2, CHCl5).
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Svynthesis of Tricycle 10 from 4d

o)
BnNH,, NaBH,CN
/- H
MeOH:AcOH (9:1) Bn—y Me
rt H -Ar
0
Ar = 2CI-CgH,

10

(2S,3R,3aR,7R,7aS)-8-Benzyl-2-(2-chlorophenyl)-7a-methylhexahydro-7,3-
(epiminomethano)benzofuran-5(6H)-one (10): A 10-mL round-bottom flask equipped with a
magnetic stir bar was charged with aldehyde 4d (116 mg, 0.40 mmol, 1.00 equiv) and benzylamine
(86 mg, 0.80 mmol, 2.00 equiv) in MeOH:AcOH (9:1) (4 mL, 0.1 M). The solution was allowed to stir
at room temperature for 4 h. NaBH3CN (50 mg, 0.80 mmol, 2.00 equiv) was added in one portion
resulting in vigorous gas formation. After stirring at room temperature for 30 min, the reaction was
guenched with sat. ag. NaHCO3; (4 mL). The reaction was partitioned between CH,Cl, (15 mL) and
sat. aq. NaHCO3; (30 mL). The layers were separated and the aqueous layer was extracted with
CH.CIl; (2 x 15 mL). The combined organic extracts were dried over Na,SO,, filtered, and
concentrated in vacuo. The crude residue was purified by column chromatography on silica gel to
afford tricycle 10 (136 mg, 89% yield, >20:1 dr) as a pale yellow oil. Analytical data for 10: *H NMR
(600 MHz, CDCl3): 8 7.59 (d, J = 7.7 Hz, 1H), 7.44 (d, J = 7.2 Hz, 2H), 7.34-7.28 (m, 4H), 7.27-7.24
(m, 1H), 7.20 (dt, J = 7.7, 1.4 Hz, 1H), 5.48 (s, 1H), 3.80 (dd, J = 22.4, 13.7 Hz, 2H), 3.17 (bs, 1H),
2.93-2.88 (m, 2H), 2.61-2.58 (m, 3H), 2.43 (t, J = 3.8 Hz, 1H), 2.30 (dd, J = 17.3, 3.8 Hz, 1H), 2.29-
2.27 (m, 1H), 1.71 (s, 3H); *C NMR (151 MHz, CDCls): & 209.5, 141.0, 138.3, 131.3, 129.3, 128.4,
128.3, 128.0, 127.0, 126.4, 80.7, 79.7, 62.4, 57.1, 47.7, 46.9, 40.3, 38.7, 38.5, 22.0; IR (thin film):
2905, 2813, 1707, 1558, 1457, 1338, 1121, 751 cm™; TLC (20% ethyl acetate:hexanes): R; = 0.28;
HRMS (ESI): Calcd. for Cy3H,7CINO, ([M+H]): 382.1575, Found: 382.1568; [a]p +38 (¢ = 1.1,
CHCly).

Deuterium Labeling Experiment and Structure Determination

85%D 3\ 89%D

BnNH,, NaBH;CN D
/" H
CD3OD:CD4CO,D (9:1) By Me
rt H '; —Ar
(6]
Ar = ZCI_CGH4
10-D

A 10-mL round-bottom flask equipped with a magnetic stir bar was charged with aldehyde 4d (58
mg, 0.20 mmol, 1.00 equiv) and benzylamine (43 mg, 0.40 mmol, 1.00 equiv) in CD3;OD:CD3;CO,D
(9:1) (2 mL, 0.1 M). The solution was allowed to stir at room temperature for 4 h. NaBH3;CN (25 mg,
0.40 mmol, 2.00 equiv) was added in one portion resulting in vigorous gas formation. After stirring at
room temperature for 30 min, the reaction was quenched with sat. aq. NaHCO3 (2 mL). The reaction
was partitioned between CH,Cl, (15 mL) and sat. aq. NaHCO3; (30 mL). The layers were separated
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and the aqueous layer was extracted with CH,Cl, (2 x 15 mL). The combined organic extracts were
dried over Na,SO,, filtered, and concentrated in vacuo. The crude residue was purified by column
chromatography on silica gel to afford tricycle 10 (64 mg, 84% yield, >20:1 dr) as a pale yellow oil.

Analysis: Based on deuterium incorporation a-aldehyde, it can be assumed that under the acidic
conditions epimerization occurs via enamine/iminum tautomerization. This observation is also
consistent with  experimental observations related to the time required for
condensation/epimerization to occur. When the aldehyde and amine are premixed for shorter
periods of time before NaBH3CN is added, the yield of 10 is lower with the remaining mass being the
formation of 5d via direct reduction of the aldehyde. Deuterium incorporation a-ketone is consistent
with protonation following aza-Michael addition, with protonation of the enol from the convex face
preferentially. 2D-NMR analysis showed strong nOe interactions consistent with the proposed
structure (see p. S56).
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Current Data Parameters
HAME MIC-11-129-H3

(o) EXPNO 1
PROCNO 1

F2z - Acquisition Parameters
0130211
11.33

spe
5 mm PABBOQ BE-

0.125483 Hz
3.9B846387 sec
37

4k

208,
1.00000000 sec
1

CHANMEL f1 =

16

12.38 usec
1.19999381 W

400.0924707 MHz

F2 - Processing paramet

ST 65536

SF 400.0900000 MHz
WDW EM

SSB a

1B 0.30 Hz
GB a

PC 1.00

ag E - ASE82 & 22 3 =
g ere EEER- I 32 3 5
5% i sagaz derss §  era  ° BRUKER
il [N N2 (. (o
nt Data Parameters
MIC-10-129-C
1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20121208
Time
INSTRUM spect
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
£oCl3
50
0
24038.461 Hz
2.00000000 sec
0.03000000 sec
1
= CHANMEL f1 =
13¢
7.50 usec
61.20000076 W
100.6127703 MHz
CHRNNEL f2 =
waltzlé
1H
80.00 usec
11.19999981 W
0.26820399 W
0.17166001 W
400.0916004 MHz
F2 - Processing parars
s1 768
J sF 100.6027270 Miz
» bl N kil . W
g . 58 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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Current Data Parameters
MIC-10-166-H

[e) EXPNO 1
PROCNO 1
F2 - Aequisition Parameters

Date, 20121216

Me

Me .
0.125483 Hz
3.9846387 sec

59.75
60.800
6.50

297.5
1.00000000
1

4

= CHANNEL f1 =

16

12.38 usec
1.19999951

400.0924707 MHz

ng parameters

65536
SF 400.0900000 MHz
WoW EM
S5B a
LB 0.30 Hz
GB a
- LT S B
1 J A | 1\ e
T T T T T T T T T T
10 9 8 4 3 2 0 ppm

&

88 = RE895 3883828 & 888 a2
12 } EEEER 32888 3 EEER
nt Data Parameters
N MTC-10-166-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20121216
Time
INSTRUM spect
PROBHD 5 mm PABBQ BB~
PULEROG 2gpg30
D 65536
cDCl13
60
0
24038.461 Hz
2.00000000 sec
0.03000000 sec
1
CHANMEL f1 =
13C
7.50 usec
61.20000076 W
100.6127703 MHz
= CHANNEL f2 =
CPDERG2 waltzle
Nuc2 1H
PCPD2Z 80.00 usec
PLW2 11.19999981 W
PLW1Z2 D.26820999 W
PLWL3 0.17166001 W
S5FO2 400.0916004 MHz
F2 - Processing params
81 32768
SF 100.6027171 MH=z
fdDW
55B a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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Current Data Parameters

2
2

HAM: MIC-10-262-H2

(o) EXPHO 1
PROCNO 1
F2z - Aequisition Parameters

Date, 20130205

TBSO o H

.188225 H

2.6564426 sec
16

40.533
10.00
295.0
1.00000000
1

4m

CHANMEL f1 =

1H

19.25 u
13.00000000 W
600.1337060 M

ng paramet

65536

600.1300163 MHz
EM

a
0.30 Hz
a
1.00
- ITEET N N |
T T T T T T T T T T T T
11 10 9 8 4 3 2 1 0 ppm
{*<) ol = bl
(=] Al ol Slrlrlolm~~ @ w
<2 o mpase <)
85 g EEEEE 25088 a8 255 8 3 i
i TNy 28582 48 a8 = 2 2
35 i nsEaz Geice ge  car i s : BRUKER
a3 a aaass BREER 88 Ses & 3 i ("X)
nt Data Parameters
N, MTC-10-262-C2
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130205
Time 17.11
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zapg30
D 55536
£oCl3
75
0
36057.691 Hz
0.550197 Hz
0.9088159 sec
203
295.0 K
2.00000000 sec
0.03000000 sec
1
= CHANMEL f1 =
13c
11.00 usec
230.00000000 W
150.9178981 MHz
CHRNNEL f2 =
waltzlé
1H
90.00 usec
13.00000000 W
0.59473002 W
0.4B173001 W
600.1324005 MHz
F2 - Processing parars
s1 32768
SF 150.9028184 MHz
" e ol A a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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Current Data Parameters

HAM: MIC-10-251-H

o) EXPHO 1
PROCNO 1
F2z - Acquisition Parameters
Date. 20130127

Time 10.08
H O i

spe
5 mm PABBOQ BE-

MeO,C o H

257
1.00000000 sec
1

4n

CHANMEL f1 =

16

12.38 usec
1.19999381 W

400.0924707 MHz

ng paramet

65536
SF 400.0900108 MHz
WDW EM
SSB a
1B 0.30 Hz

GB a
M PC 1.00
L

4 3 2 1 0 ppm

23 8 & 2823% 24823 & & B4 G
T SO888 8 3 LA I8
38 £ g 2d%4%% SaKES 8 W SE Ag BRUKER
[\ NPT T T (o
nt Data Parameters
N, MIC-10-251-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130127
Time 10.13
INSTRUM spect
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
£oCl3
75
0
24038.461 Hz
2.00000000 sec
0.03000000 sec
1
CHANNEL f1 =
13C
7.50 usec
61.20000076 W
100.6127703 MHz
= CHANNEL f2 =
waltzlé
1H
80.00 usec
11.19999981 W
0.26820399 W
0.17166001 W
400.0916004 MHz
F2 - Processing parars
s1 32768
sF 100.6027208 Moz
AW
558 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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6744
6.0303
6.0132
5.0208
5.0068

S
|
m
e
x
2

nt Data Parameters
MTC-10-106-H

1

PROCHO 1

F2z - Acquisition Parameters
20 20

Me™ 4 OH

SWH 12335.526 Hz

FIDRES 0.188225 Hz

AQ 2.6564426 sec

RG 2

oW

DE E

TE 295.0 K

D1 1.00000000 sec

DO 1
5a

CHANMEL f1 =

1H

13.60 u:
20.00000000 W
600.1337060 Mi

F2 - Processing parameters

ST 65536

SF 600.1300129 MHz

WDW EM

SSB a

LB 0.30 Hz

GB a

PC 1.00
R L P W,V

o
&

1.00 =

g 3 2 28F3 anngés o 9% b
- d S N8dsE @ f€8 & 3
5 § 5 5ER% Seres § s s 5 BRUKER
I TV NPT (o
Current Data Parameters
NAM MIC-10-106-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20121207
Time 12
INSTRUM spect
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
SOLVENT €ocl13
NS &0
Ds 4]
SWH 36057.691 Hez
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 203
oW 13.867
oE 10.00
TE 294,9
o1 2.00000000
D11 0.03000000
D0 1
CHANNEL f1 =
13¢
10.50 usec
110.00000000 W
150.9178981 MHz
CHRNNEL f2 =
waltzlé
1H
70.00 usec
20.00000000 W
0.80000001 W
0.39199999 W
600.1324005 MHz
F2 - Processing parameters
s1 32768
sF 150.9028300 Moz
" WOW
SB a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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qaEsss 88 %3 ERAEREEEEEIIANAA
nt Data Parameters
MIC-10-146-H2
1
O PROCNO 1
F2 - Bcquisition Parameters
Date_ 20121212
Time
H INSTRUM
PROBHD

Me OH SOLVENT

(@] NS
Ds
SWH
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 25.11
oW
DE .5 c
TE 297.2 K
D1 1.00000000 sec

OMe ’

5b D0

CHANMEL f1 =

16

12.38 usec
1.19999951

400.0924707 MHz

sing parameters

65536
400.0900125 MHz
EM

0.30 Hz

1.00

lUg BRITE

4 e EE B

097 @
1.00

g g 3 g8 F GEG®E § 968 ¥ 0§ an
g > it . 35838 8§ 923 3 2
i o o Sgrr w2 Samaw o 2
2 B asa o SB2REE2E 9§ 5%% & b ("X)
Current Data Parameters
NAMI MTC-10-146-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20121211
Time 15.01
INSTRUM 2ct
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
SOLVENT €ocl13
NS 56
Ds 4]
SWH 24038.461 Hz
FIDRES 0.366798 Hz
A 1.3631988 sec
RG 200,02
DH 20.800
DE 6.50
1E 2978
D1 2.00000000
D11 0.03000000
D0 1
= = CHANMEL f1
NuCL :
Pl 7.50 usec
PIWL 61.20000076 W
sFOL 100.6127703 MHz
= CHANNEL f2 =
waltzlé
1H
80.00 usec
11.19999981 W
0.26820399 W
0.17166001 W
400.0916004 MHz
F2 - Processing paramete
s1 768
sF 100.6027226 MAz
WOW
558 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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N
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BRUKER
(C><D

PROCNO

nt Data Parameters

MTC-10-196-H
1
1

F2z - Acquisition Parameters
L 0

Date, 130109

g

0.125483 Hz
3.9816387 sec
9

208,
1.00000000 sec
1

CHANMEL f1 =

16

12.38 usec
1.19999381 W

400.0924707 MHz

sing parameters
65536

400.0900114 MHz
EM

0.30 Hz

1.00

T
9 7 6 5 3 2 1 pm
ﬁé} ﬁﬂ ﬁﬂ rsj Fﬁfziéﬂ Féléﬂ
- - - il oilele— odl—
3 B 243 SEER8 £ 8F 5 2
? L e I8R3E § 85 8 a
5 558 353 seree & se £ 8 BRUKER
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Current Data Parameters
NAMI MTC-10-194-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130107
Time 18.21
INSTRUM 2ct
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
SOLVENT €ocl13
NS &0
Ds 4]
SWH 24038.461 Hz
FIDRES 0.366798 Hz
A 1.3631988 sec
RG 200,02
oW 20.800
DE 6.50
1E 299.0
D1 2.00000000
D11 0.03000000
D0 1
CHANNEL f1
7.50 usec
61.20000076 W
100.6127703 MHz
CHRNNEL f2 =
CPDPRG2 waltzlé
Nucz 1H
BCED2 80.00 usec
PLW2 11.19999981 W
PLW12 0.26820399 W
PLWL3 0.17166001 W
5FO2 400.0916004 MHz
F2 - Processing paramete
s1 32768
sF 100.6027183 Mez
WOW
558 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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e e e e e e e e e e e e 6 6 666 6 5 PR EN ORI R
nt Dat
O PROCNO
F2Z - Aoquis
Date_
}* T .1
FIDRES
AQ
Cl 2
oW
DE
TE
D1
5(’ DO
CH,
a
a
W |
J U s

R

ppm

a Paranmeters
MTC-10-201-H
1
1

ition Parameters
0130110

0.125483
3.9816387
79

208,
1.00000000
1

ANNEL £1 =
16
12.38 usec
1.19999381 W
400.0924707 MHz

sing parameters
65536
400.0900114 MHz
EM
0.30 Hz

.00

B a2 monaeen
s & ABAREGEE 2n853 8 5 3 4
d L @Enster FRa3E 8 58 = 5
5 5 sassEng Sriee § st 8 s BRUKER
3 5 agonans 2peee ¢ R B
Current Data Parameters
NAM MIC-10-201-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130110
Time 1
INSTRUM spect
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
SOLVENT €ocl13
NS 70
Ds 4]
SWH 24038.461 Hz
FIDRES 0.366798 Hz
A 1.3631988 sec
RG 200,0
oW 20.800
DE 6.50
1E 299.6
D1 2.00000000
D11 0.03000000
D0 1
= = CHANMEL f1 =
NUCL 13C
Pl 7.50 usec
PLWL 61.20000076 W
sFOL 100.6127703 MHz
= = CHANNEL f2 =
CPDERGZ waltzlé
Nucz 1H
BCED2 0.00 usec
PLW2 11.19999981 W
PLW12 0.26820399 W
PLWL3 0.17166001 W
5FO2 400.0916004 MHz
F2 - Processing paramete
s1 2768
sF 100.6027182 Moz
WDW
558 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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PROCNO

L

nt Data Parameters

MTC-10-218-H
1
1

F2z - Aequisition Parameters
0130114
13.35

12335.526 Hz
0.188225 Hz
2.6564426
16

40.533
10.00

295.0
1.00000000
1

CHANMEL f1 =

16
12.50 usec

13.00000000 W

600.1337060 MHz

F2 - Processing parameters

65536
600.1300000 MHz
EM
a
0.30 Hz
0
1.00

= oo Necoa o
5 EES 28838 3 SR358 o IE3n 8 2
g i pnaNe $RGE3 0 830 2 E
5 B8 =3§sg S SrivE §edes 5 o BRUKER
| T NIV T (>
Current Data Parameters
NAM MIC-10-218-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130114
Time 13,39
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zapg30
D 55536
SOLVENT €ocl13
NS 50
Ds 4]
swE 36057.691 Hz
FIDRES 0.550197 Hz
A 0.9088159 sec
RG 203
oW 13.867
oE 18.00
TE 295.0
o1 2.00000000
D11 0.03000000
D0 1
CHANNEL f1
11. usec
230.00000000 W
150.9178981 MHz
CHRNNEL f2 =
waltzls
1H
90.00 usec
13.00000000 W
0.25077000 W
0.20313001 W
600.1324005 MHz
F2 - Processing parameters
s1 32768
sF 150.9028233 Mez
WDW
SB a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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Current Data Parameters

HAME MTC-10-230-H
(@) EXPNO 1
PROCHO 1

F2z - Aequisition Parameters
Date_ 20130119

spect
5 mm CPQCT 1H/
zg30

Me” OH

.188225
2.6564426 sec
25.4

F3C

295.0
1.00000000
1

5f

CHANMEL f1 =

1H

12.50 w
13.00000000 W
600.1337060 M

F2 - Processing paramet

ST 65536
SF 600.1300165 MHz
EM
0.30 Hz

‘ M_ Jl_L_quL_h—gg 0 o

T T T T T T
8 7

c

w smomaacssmonmasano
2 ARENNE3IJSFREEERE] $2858 4 35 I 2
A L e i e aEac2 ® 28 3 &
3 42A235555584332a88 Sreen B g = o BRUKER
| === T VT (o
nt Data Parameters
MIC-10-230-C
1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130118
Time
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zapg30
D 55536
£oCl3
30
0
36057.691 Hez
0.550197 Hz
0.9088159 sec
203
13.867
18.00
295.0
2.00000000
0.03000000
1
CHANNEL f1 =
13¢
11.00 usec
230.00000000 W
150.9178981 MHz
CHRNNEL f2 =
waltzlé
1H
90.00 usec
13.00000000 W
0.25077000 W
0.20313001 W
600.1324005 Miz
F2 - Processing parameters
s1 32768
sF 150.9028228 Mz
‘ ! . ey
58 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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BRUKER
(L ><D

nt Data Parameters
MTC-10-235-Major-H
1

PROCHO 1

F2z - Acquisition Parameters

Date_ 20130121
Time 18.06
H INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG 2930
M D 65536
e 0 OH ‘SJELVENT Lucﬁ
Ds 4]
Me SWH 12335.526 Hz
FIDRES 0.188225 Hz
Me hQ 2.6564426 sec
RG 18
DW
DE
TE 295.0 K
D1 1.00000000 sec
Me D0 1

59

CHANMEL f1 =

16
12.50 usec

13.00000000 W

600.1337060 MHz

F2 - Processing parameters

ST 65536
SF 600.1300166 MHz
WDW EM
SSB a
LB 0.30 Hz
GB a

J PC 1.00

J [N

099> o, |

e
| ==t~ (mm (mio

@ o pswownms
g g E35INR3 2230888 8% 3 B8hI%ES
d Yoo@owsnan 888582 2 8% 5 SER%Es8
5 § BRAAR’Y SRR EY @ aE @ anocog BRUKER
| 1N W VTR (<O
Current Data Parameters
NAM MTC-10-235-Major-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130121
Time 16.09
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zapg30
D 55536
SOLVENT €ocl13
NS a5
Ds 4]
SWE 36057.691 Hez
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 203
oW 13.867
oE 18.00
TE 295.0
o1 2.00000000
D11 0.03000000
D0 1
CHANNEL f1
11. usec
230.00000000 W
150.9178981 MHz
CHRNNEL f2 =
waltzls
1H
90.00 usec
13.00000000 W
0.25077000 W
0.20313001 W
600.1324005 MHz
F2 - Processing parameters
s1 32768
sF 150.9028272 Moz
WDW
a
LB .00 Hz
GB a
T T T T T T T T T T T BG 40
200 180 160 140 120 100 80 60 40 20 0  ppm
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5.3989
5.3792

nt Data Parameters
MTC-10-208-H

1

PROCHO 1

F2z - Aequisition Parameters
Date, 20130112

98.5 K

TE EL
D1 1.00000000 sec
D0 1

CHANMEL f1 =

1H

12.38 u
1.19999381 W
400.0924707 M
sing parameters

65536
400.0900115 MHz
EM

0.30 Hz

1.00

o
0
~ -
o 4
o

1.00 -

0 ppm

a 2 & 4883 28882 5 28 2 2
' ! 199 58388 3 =5 0§ H
5 i 3 3883 G I BRUKER
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Current Data Parameters
NAM MIC-10-208-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130112
Time
INSTRUM 2ct
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
SOLVENT €ocl13
NS 33
Ds 4]
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 200,0
DH 20.800
DE 6.50
TE 299,1
D1 2.00000000
D11 0.03000000
D0 1
= = CHANMEL f1 =
NUCL 13C
Pl 7.50 usec
PLWL 61.20000076 W
sFOL 100.6127703 MHz
= CHANNEL f2 =
waltzlé
1H
80.00 usec
11.19999981 W
0.26820399 W
0.17166001 W
400.0916004 MHz
F2 - Processing paramete
s1 768
sF 100.6027179 Moz
f oW
558 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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Current Data Parameters
HAME MTC-10-134-H

[e) EXPHO 1
PROCNO 1
F2z - Acquisition Parameters

Date_ 20121208
i 12.54

spe
5 mm PABBOQ BE-

o) OH

8223.685 Hz
0.125483 Hz
sec

3.9826387
32.04

297,
1.00000000
1

5k

CHANMEL f1 =

16

12.38 usec
1.19999381 W

400.0924707 MHz

ng paramet

65536

400.0900000 MHz
EM

0.30 Hz

1.00

J LJ JLJ'M A_J'D L :

9 8 7 6 4 3 2 1 0 ppm
) - =] - Nl N | e
3 a T 8RER dRnE3a 2 g ok d @ BRUKER
d 3EE838 2 385 9 3
@ 8 ®omre 0 2nnaee T2 E
3 H aaany S2EERE @ 238 8 - ("X)
nt Data Parameters
N MTC-10-134-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20121208
Time 13.00
INSTRUM spect
PROBHD 5 mm PABBO EBB-
PULEROG 2gpg30
D 65536
€ocl13
50
4]
24038.461 Hz
2.00000000 sec
0.03000000 sec
1
= CHANMEL f1 =
13C
7.50 usec
61.20000076 W
100.6127703 MHz
CHRNNEL f2 =
waltzlé
1H
80.00 usec
11.19999981 W
0.26820999 W
0.17166001 W
400.0916004 MHz
F2 - Processing params
ST 32768
SF 100.6027263 MHz
558 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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7
;
,
7
]
7
7
7
,
7
]
6
6
6
6
6
6

=Z

<)
BRUKER
(C><D

Current Data Parameters

HAME
EXPNO
PROCNO

MIC-10-164-H
1
1

F2z - Aequisition Parameters
Date, 20121215
i 13.15

spe
5 mm PABBOQ BE-

Me
0 OH

Me

8223.685 Hz
0.125483 Hz
sec

3.9826387
88.16

297,
1.00000000
1

5l

CHANMEL f1 =

16

12.38 usec
1.19999381 W

400.0924707 MHz

ng paramet

65536

400.0900120 MHz
EM

0.30 Hz

1.00

9 8 4 2 0 ppm
[\ =)
o ||| -
] s 38333 38288 5 8 Ra 28
! , e i 80Ra8 F 2 L8R 30
z § Fassg dnces § o des  er BRUKER
= B i g BrEFeE @ H o Fen = ("X)
nt Data Parameters
MIC-10-164-C
1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20121215
Time 13.22
INSTRUM spect
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
€oCl3
150
0
24038.461 Hz
2.00000000 sec
0.03000000 sec
1
= CHANMEL f1 =
NUCL 13C
Pl 7.50 usec
PLWL 61.20000076 W
sFOL 100.6127703 MHz
= CHRNNEL f2 =
CPDERGZ waltzlé
Nuc2 18
BCED2 80.00 usec
PLW2 11.19999981 W
PLW12 0.26820399 W
PLWL3 0.17166001 W
SFO2 400.0916004 MHz
F2 - Processing parars
s1 32768
sF 100.6027156 Moz
oW
558 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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5m

Fl
2
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2
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2
2
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2
2
2
2
2

DT

2
2
2
2
2
2

Current Data Parameters
HAME MTC-10-193-H
EXPNO 1
PROCHO 1

F2 - Acquisition Parameters
Date, 20130108

spe
5 mm PABBOQ BE-

0.125483 Hz
3.9846387 sec

208,
1.00000000 sec
1

CHANMEL f1 =

16

12.38 usec
1.19999381 W

400.0924707 MHz

ng paramet

65536
SF 400.0900111 MHz
WDW EM
SSB a
1B 0.30 Hz

J BC 1.00

g

T
9 8 5 3 2 0 ppm
- -l -l ol [=leil=lled -]
2 ] 8 8383 23533 R8 HaaR I 4 ag
g iy 23858 85 23R & O EX |4
H 8 2 35ns SSrEE Ne & ssE 8 @ > BRUKER
| [T W TT v G2
nt Data Parameters
N, MIC-10-193-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130108
Time 1
INSTRUM spect
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
£oCl3
110
0
24038.461 Hz
2.00000000 sec
0.03000000 sec
1
CHANNEL f1 =
13C
7.50 usec
61.20000076 W
100.6127703 MHz
= CHANNEL f2 =
waltzlé
1H
80.00 usec
11.19999981 W
0.26820399 W
0.17166001 W
400.0916004 MHz
F2 - Processing parars
s1 32768
sF 100.6027167 Moz
oW EM
558 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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Current Data Parameters

HAM MTC-10-241-0

EXPHO 1

PROCNO 1
F2z - Aequisition Parameters

0130124

10.05

0.188225
2.6564426 sec
14.2

295,
1.00000000 sec
1

S1a

CHANMEL f1 =

16
12.50 usec

13.00000000 W

600.1337060 MHz

ST 65536
SF 600.1300161 MHz
WDW EM
SSB a
1B 0.30 Hz
GB 0
l l BC 1.00
S S
T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm

sEEdgEEdE 8 @

H E g2 ¢ g% W
3 g3 & 838
g g aR oo ke BRUKER
i i v (<O
nt Data Parameters
MTC-10-241-C
1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130124
Time 10.11
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG 2gpg30
D 65536
€DC13
100
4]
36057.691 Hz
0.550197 Hz
0.9088159 sec
203
13.867
18.00
295.0
2.00000000 sec
0.03000000 sec
1
= CHANNEL fl =
13C
11.00 usec
230.00000000 W
150.9178381 MHz
= CHANNEL f2 =
waltzlé
1H
90.00 usec
13.00000000 W
2 0.25077000 W
E 0.20313001 W
2 600.1324005 MHz
F2 - Processing parameters
S1 32768
SF 150.9028322 MHz
WDW
- a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 a0 20 0 ppm
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<)
BRUKER
(C><D

Current Data Parameters

HAME MTC-10-228-H
(@) EXPNO 1
PROCHO 1

Me” 4 OBz

Me

S1b

F2z - Aequisition Parameters
013011%

0.188225 H
2.6564426 sec
20.2

u;
0K
00 sec
1

29!

5
D1 1.0000001

CHANMEL f1 =

1H

12.50 w
13.00000000 W
600.1337060 M

F2 - Processing paramet

ST 65536

SF 600.1300166 MHz
WDW EM

SSB a

1B 0.30 Hz
GB a

1.00

~
o 4
o

1.00~

a S & N288a 22833k 8 ae 3 2 2
? r % qkuaa EEEEE a5 3 & 8
5 : 3 agass Siceits  ces % BRUKER
= - - PRk R FEERFERS =2 & & = (‘N
nt Data Parameters
MIC-10-228-C
1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130119
Time
INSTRUM 2ct
PROBHD 5 mm CPQCI 1H/
PULEROG zapg30
D 55536
€oCl3
150
0
36057.691 Hez
0.550197 Hz
0.9088159 sec
203
2.00000000
0.03000000 sec
1
= CHANMEL f1 =
13¢
11.00 usec
230.00000000 W
150.9178981 MHz
CHRNNEL f2 =
waltzlé
1H
90.00 usec
13.00000000 W
0.25077000 W
0.20313001 W
600.1324005 Miz
F2 - Processing parameters
s1 32768
SF 150.9028184 MHz
WDW
— N
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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AN ONNHAAd A H AN OV DE0a SO RO RAVDDDNMEGDDBBOMMMMM® D
L T o T T APV R

Current Data Parameters
MTC-10-132-H

0 EXPNO 1
PROCNO 1
F2 - Rcquisition Parameters

Date, 20121208

0.125483 Hz
3.9816387 sec

NO, :
296
1.00000000 sec

1

= CHANNEL f1 =

16

12.38 usec
1.19999381 W

400.0924707 MHz

ng parameters
65536

SF 400.0900499 MHz
EM

0.30 Hz

e . : .
AOUE L e F o

Gl

o -

ﬁ_
1.00=
zi0- = ]

S & I% 8328R33%T 23282 3 28 & 2
L T Reannoas EREEE-I 22 5 o
i ¢ 83 53338388 derres e f of BRUKER
| IRN\4 WOV (o
nt Data Parameters
N, MIC-10-132-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20121208
Time
INSTRUM spect
PROBHD 5 mm PABBO EBB-
PULEROG zapg30
D 55536
£oCl3
100
0
24038.461 Hz
2.00000000 sec
0.03000000 sec
1
CHANNEL f1 =
13C
7.50 usec
61.20000076 W
100.6127703 MHz
= = CHANNEL f2 =
CPDPRG2 waltzlé
Nucz 1H
BCED2 80.00 usec
PLW2 11.19999981 W
PLW12 0.26820399 W
PLWL3 0.17166001 W
SFO2 400.0916004 MHz
F2 - Processing parars
s1 32763
sF 100.6027130 Moz
fDW EM
558 a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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M e T WB%R
( ><)

Current Data Parameters
HAME MTC-10-256-H

[e) EXPNO 1
PROCNO 1
F2z - Aequisition Parameters

0130128
13.41

2
2
2
2
2
2
2
2

spect
5 mm CPQCT 1H/
zg30

.188225 H
2.6564426 sec
14.2

Cl

295,
1.00000000 sec
1

CHANMEL f1 =

1H

19.25 u
13.00000000 W
600.1337060 M

ST 65536
SF §00.1300166 Mz
WDW EM
558 a
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
[ ] =[]
= olola - ~lalelele ~lles
o o sgnmas <)
5 @ SRRSRA 2ug3 S8k &2 4 d
R S b Sk A 48832 888 &5 0§ 8
e saian L BRUKER
& 3 a59and FERERES G il o= @ B (‘N
nt Data Parameters
MIC-10-256-C
1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130129
Time 13.47
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zapg30
D 55536
€oCl3
150
0
36057.691 Hez
0.550197 Hz
0.9088159 sec
203
13.867
18.00
295.0
2.00000000
0.03000000 sec
1
= CHANMEL f1 =
13¢
11.00 usec
230.00000000 W
150.9178981 MHz
= CHANNEL f2 =
waltzlé
1H
90.00 usec
13.00000000 W
0.59473002 W
0.4B173001 W
SFO2 600.1324005 Miz
F2 - Processing parameters
s1 32768
SF 150.9028173 MHz
WDW
L )
SB
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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Current Data Parameters

2
2
Fl
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

HAME MTC-10-260-H
(o) EXPNO 1
PROCHO 1

F2z - Aequisition Parameters
Date, 20130202

0.188225
2.6564426 sec
12.7

MeO,C Ph

40.533

10.00

295.0

D1 1.00000000

D0 1
CHANMEL f1 =

1H

19.25 u
13.00000000 W
600.1337060 M

F2 - Processing paramet

ST 65536
SF 600.1300165 MHz
WDW EM
SSB a
1B 0.30 Hz
GB a

' PC 1.00

J S S

T T T
3 2 1 0 ppm

89 pEsE @

2" &

20

2 A A4 28 ZEREER IS8 £ 832 383
Sgene & dhe  uas B(% KER
nt Data Parameters
MTC-10-260-C
1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130202
Time
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG 2gpg3l
D 65536
cDCl13
100
0
36057.691 Hz
0.550197 Hz
0.9088159 sec
203
295.0 K
2.00000000 sec
0.03000000 sec
1
= CHANNEL f1 =
13C
11.00 usec
230.00000000 W
150.9178981 MHz
CHANNEL f2 =
waltzlé
1H
90.00 usec
13.00000000 W
0.59473002 W
0.4B173001 W
S5FO2 600.1324005 MHz
F2 - Processing params
81 32768
SF 150.9028184 MH=z
J WDW
SB a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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—9.0524

Current Data Parameters
HAME MIC-10-271-H2

o) EXPHO 1
PROCNO 1
F2z - Acquisition Parameters
0

130203
10.03

spe
5 mm PABBOQ BE-

0.125483 Hz
3.9846387
32.04

208,
1.00000000 sec
1

CHANMEL f1 =

1H

12.38 u
1.19999381 W
400.0924707 M

ng paramet

65536

400.0900111 MHz
EM

0.30 Hz

1.00
L

7 3 LN 5E548RF 8 ERER
! i} BEEE-E3- O] SRR
5 % i 53g Goccess g ddss BRUKER
[l [N/ NIl W (o
nt Data Parameters
u MIC-10-271-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130202
Time 13.20
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULEROG zapg30
D 55536
£oCl3
a5
0
24038.461 Hz
2.00000000 sec
0.03000000 sec
1
= CHANMEL f1 =
13C
7.50 usec
61.20000076 W
100.6127703 MHz
CHRNNEL f2 =
waltzlé
1H
80.00 usec
11.19999981 W
0.26820399 W
0.17166001 W
400.0916004 MHz
F2 - Processing parars
s1 32768
sF 100.6027237 Moz
n H L WOW EM
w y 5B a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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3.0+
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QU
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9
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4.5+
5.0+
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— 5.5 ] |
T T T T T T T T
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nt Data Parameters
MTC-11-6B-H
1

PROCNO 1
F2 - RAecquisition Parameters
Date_ 20130212
i
/\ H INSTRUM
PROBHD 5
Bn\N Me PULPROG
D
H -Ar SOLVENT
NS
() Ds
— SWH 12335.526 Hz
Ar = ZC|-CGH4 FIDRES 0.188225 Hz
A0 2.6564426 sec
RG 12.7
10 DW 40.533
DE 10.00
TE 285.0
o1 1.00000000
D0 1
CHANNEL f1 =
1H
19.25 usec
13.00000000 W
600.1337060 MHz
T2 - Processing paranmeters
ST 65536
SF 600.1300165 MHz
WDW EM
SSB a
LB 0.30 Hz
GB 0
PC 1.00
L S —
T T T T T T T T T T
6 5 4 2 1 0 ppm

e

5 282333833 38385 23 28223 2
* Snmannags 25357 28 HERE8 g |4
2 IRR388383% Sarey dr Kegds o BRU ER
I N\ WOITVW T (o
Current Data Parameters
NAMI MTC-11-6B-C
EXPNOQ 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130212
Time 9.05
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULEROG zapg30
D 55536
SOLVENT €ocl13
NS 55
Ds 4]
SWE 36057.691 Hez
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 203
oW 13.867
oE 18.00
TE 295,0
o1 2.00000000
D11 0.03000000
D0 1
CHANNEL f1
11. usec
230.00000000 W
150.9178981 MHz
CHRNNEL f2 =
waltzlé
1H
90.00 usec
13.00000000 W
0.59473002 W
0.4B173001 W
600.1324005 Miz
F2 - Processing parameters
s1 32768
sF 150.9028250 Mz
WDW
a
LB 1.00 Hz
GB a
T T T T T T T T T T T BG 1.40
200 180 160 140 120 100 80 60 40 20 0  ppm
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Ar = 2CI-CgH,
10

D

F{
Me

—Ar
(0]

s
Bn\N
}{
Ar = 2CI-CgH,
10-D

. JIL __JL_JJLJJ {9 i ppm

= &
B C 20
..
F
® "? 8
- - -
DE L25
~ - 8- O
) C
# & -
2 -3.0
° &
° B
- 3.5
_— ‘g . w .
~4.0
.
~4.5
&
-5.0
N A
— s |
T T T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 ppm
nnmEassssessssEmIEIan cannssananTssEnTzInNE
§348ESS8YTRERRTEEER & SEENBESNARTESENITIENE
FEEEEELEEEIE IS EEELEEETIE SEENEA3NEEE35RIR0RY3
$3992K20A2LEERETHREEEE 8 dgRreggfagresaninaage

(<O

Current Data
AM]

Pl
PLWL
5FO1

S56

Paraneters

15.25
13.00000000
600.1337060

600.1300164
EM

F2 - Processing parameters
&1
SF MHZ
WO
85B 0
LB 0.30 Hz
GB Q
L BC 1.00
- e S —

Hz

sec

usec
usec

sec

NAME MTC-11-7-H
EXPNO
BROCNO 1
F2 - Acquisition Parameters
Date 20130212
Time 15.16
INSTRUM spect
FROBHD 5 mm CPQCT 1H/
BULEROG 230
T 65536
SOLVENT €DC13
NS 1
DS 0
Swd 12335.526
FIDRES 0.188225
a0 2.6564426
RG 4.2
o 40.533
DE 10.00
TE 295.0
D1 1.00000000
TDO 1
CHANNEL £l ====

usec
W
MHZ
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5a

S57

=l
LW A, Wawelength=210 nmoof MTCVO-101-A.D
Al
1400 -
1200 4
1000 4
200 4
B00 4
400 4
200 4
o9 s
11 1‘2 1'3 1‘4 1'5 1‘5 mm‘
Signal 1: LMD A, Wavelength=218 nm
Peak. RT Tvpe  Width Aren Height Aren
#* [min] [min]  [mAlPsec] [mAll] ki
|———- | | |
1 13.852 MF B.546 35692.83906  1A59.90876 49,5154
2 14.716 FH B.619 3R952.25751 967 .94873 EA.1516
Totals @ Ti644 29687  2A57.54961
1ax]
LD A, Wifavelength=210 nm of MTCV0-106.0
Al
1400 4
1200 4
10009 % rea: 35650
800 4
600 4
400 4
200 4
o ) g
11 1‘2 1'3 1‘4 1'6 1‘5 mm‘
Signal 1: LWWD1 A, Wavelength=218 nm
Peak RT Type  Width Areq Height Areq
# [min] [min] [ma*zec] [mal] #
[-——-1 | | |
1 13.614 MM a.423 112.23133 4.41831 @a.3137
2 14.738 MM A.686 35660 .82734 g88.88129 99,6863
Totals 3BT .2RTEL 985.29962
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1000 gﬂ;&g a @;\m’b
[ D]

1 Time Area Height Width AreaX  Symmetry
1 16.028 23453 aray 0.558 A0.202 0762
2 20515 292162 BR7.8 07403 43.798 0.733

. e

1 Time Area Height Wwidth Area®Z Symmetry

1 15.981 44551.3 13077 056748 93.019 0734

2 20.694 800.2 21.7 06915 1.981 0.87
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Current Chromatogram(s)

S59

=3
LD A, Wawelength=210 nm of MTCY10-1948.D
sl
1000 4
800 4
00 4
400 4
200 4
09 | "
29 2‘5 2'& 2'7 2‘3 2'9 B‘D 3'1 mml
Signal 1: LWWD1 A, Wowelength=218 nm
Peak RT Twpe  Width Areq Height Areq
# [min] [min]  [mAl*sec] [maAll] S
[———-1 | | | | | |
1 26.868 MF 1.879 14754.19629 227.55472 43.96847
2 28.638 FM 1.199 1R415.1A%38 214.35262 51.85953
Totals @ 30165 .308469 442 26734
ol
LD A, Mfawelength=210 nm of M TCVI0-185.0
Al
300 4
2560
& rea: 13811 .4
200 4
150 o
400 o
&0
. . I . |
29 2'6 2‘5 2‘7 2‘8 2'9 Q‘D 9'1 mm‘
Signal 1: LVWDL A, Wavelength=218 nm
Peak. RT Tvpe  Width Areq Height Areq
# [min] [min] [mal¥zec] [mll] k3
— | |
1 26855 B.664 31.48295  7.5831%-1 B.2269
2 25.354 1.131 13511.48625 20354543 99,7731
Totals : 13542 . 508957 284 33675
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Current Chromatogram{s) =10l

LYWD1 A, Wavelength=210 nm of MTCV0-201.0
may

1900

10,187

Area: 276084

1200

13.120

1000
Area: 278T5.4

800

800

400

200 -

Signal 1: LWWD1 A, Wowelength=218 nm

Peak RT Twpe  Width Areq Height Areq
# [min] [min]  [mAl*sec] [maAll] S
[———-1 | | |
1 18.137 MM A.363 27685.39648  1268.78271 49,7594
2 13.128 MM A.454 275875.42188 959 .51A17 58,2486

Totals : ERE433.826831 2228.39282
=

LVWDA A, Wiavelength=210 nm of MTCY0-202.D
Al

1900

12.008

Area: 358483

1200

1000

800

800

200

200

10.151

04 ez B 0714 L

Signal 1: LWWD1 A, Wowelength=218 nm

Peak RT Twpe  Width Areq Height Areq
# [min] [min]  [mAl*sec] [maAll] S
[———-1 | | | | | |
1 18,151 MM A.293 65.87142 3.7825A A.1812
2 13.858 MM A.453 36845.26391  132B.22339 99,5188
Totals @ 36913.32422  1323.52598
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1B
LD A, Wfavelength=210 nm of MTCWO-218.0
mAay
1400 1
1200 4
1000 4 SArea:21191 ) o
:Area:215744
800 4
600 4
400 4
200 4
o —_ - |
D‘S 1IU 1D‘5 1‘1 11'6 1‘2 12'.6 1'3 13‘.5 min
Signal 1: LMD A, Wavelength=218 nm
Peak. RT Tvpe  Width Aren Height Aren
#* [min] [min]  [mAlPsec] [mAll] ki
|——-1 | | | |
1 1a.812 MM B.345  21191.795533  1A23.13825 49,4371
2 11.996 MM B.488 21674 .416A2 982, 18376 EA.E629
Totals @ 4286621484  1925.234A1
ol
LvWD1 A, Wawelength=210 nm of MTCV0-221.0
Al
1400 - g
gArea.SﬁDEﬂT
1200
1000
&00 o
GO0 o
400 o
200
Qlﬁ 1‘D 10'5 1'1 115 '1'2 12‘5 1‘3 13:5 iy
Signal 1: LVWD1 A, Wavelength=218 nm
Peak, RT Tvpe  Width Areq Height Areq
# [min] [min] [mal¥zec] [mll] k3
|———-1 | | | |
1 18.982 MM B.230 &1 . G599 367385 B.1368
2 12.886 MM B.4158 33834.60816  1315.83986 99,5148
Totals : F346.32422 0 1321.71216
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Current Chromatogram(s)

S62

g [ 3
LD A, Wavelength=210 nm of MTCY0-230.0
mAL
2500 4
:Area' 230669
2000 4
EAIEI 236863
800 4
1000 4
800 4
LR e
4 4!5 .‘L 5‘5 EI ﬁ!ﬁ 7 7‘5 min
Signal 1: LMD A, Wavelength=218 nm
Peak. RT Tvpe  Width Aren Height Aren
#* [min] [min]  [mAlPsec] [mAll] ki
|——-1 | |
1 E.2B5 MM B.183 23066.856623  2A99.768A1 49,3622
2 6.638 MM B.2280 23662.95783  1793.84492 ER.6375
Totals @ 4672982831 3592.80493
=0l
LD A, Wavelength=210 nm of MTCWO-2338.0
mAay =
D Area: 36552 6
2500 4
2000 4
1600 5
1000 4
600 4
o O pes 107 o i n
4'5 5‘ 5‘5 EI Elﬁ 7‘ 7‘5 min
Signal 1: LWWD1 A, Wavelength=218 nm
Peak RT Type  Width Areq Height Areq
# [min] [min] [ma*zec] [mal] #
[-——-1 | | | |
1 E.28R MM a.173 197 .26682 18.96338 A.5368
2 g.612 MM A.241 36552.58934  2530.98337 99,4632
Totals 36749885847 2B49.91675
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Current Chromatogramis) _ ol x|
LR A, Wavelength=210 nm of MTCY0-235-0.0
Al

1000

800

10.052

800

400

200

Signal 1: LWWD1 A, Wavelength=218 nm

Peak RT Type  Width Areq Height Areq
# [min] [min] [ma*zec] [mal] #
[-——-1 | | | | | |
1 18.6852 MM A.324 11443.54182 B85 .28996 B8 .6968
2 12,264 MM B.398 11399.69922 45726517 49,9648

Totals : 228435.24823  1875.47518
=T
LvwDd A, Wawelength=210 nm of MTC0-237-0.0
mall Araa: 53818
2600 - ]
2000 4
800 4
1000 4
500 4
LR /gNQJDE it \
2 Q‘ 1‘D 1‘1 1'2 1'3 mml
Signal 1: LWWD1 A, Wowelength=218 nm
Peak RT Twpe  Width Areq Height Areq
# [min] [min]  [mAl*sec] [maAll] S
[———-1 | | | | | |
1 18.113 MM A.318 70671438 37.81941 1.6165
2 12.144 MM A.441 635816.A2344  2597.98383 93.9835
Totals @ 69R22.74219  2634.92236

S63



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Current Chromatogramis) =10lx]

LYWD 1 A, Wavelength=210 nm of MTCV0-208.0
mAU
1000 4

00 -

600 -

17.080

400 -

=
g
o

200

Signal 1: LWWD1 A, Wowelength=218 nm

Peak RT Twpe  Width Areq Height Areq
# [min] [min]  [mAl*sec] [maAll] S
[———-1 | | | | |
1 17.888 MF A.631 11933.84375 374 .55887 47.8432
2 15.484 FM A.643 13889.32324 337.18199 5z .1F68

Totals : 2494366737 711 66683
il

LVWD1 A, Wavelength=210 nm of MTCV0-212.0
mal

1400

16,775

1200

rea: 40050.4

1000

200

800

400

200

18619

e tezTe
o+ —l—
15 15:5 1‘5 16.5 1‘7 17‘.5 1;3 13'5 1‘9 19‘5 min
Signal 1: LVWD1 A, Wavelength=218 nm
Peak, RT Tvpe  Width Areq Height Areq
# [min] [min] [mal¥zec] [mll] k3
|———-1 | | | | | |
1 16.77%5 MM B.575 4085943758 115459878 97,1837
2 15.619 MM B.572 1192.73767 3478265 2.5913
Totals : 4125217578 11589.3734
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Current Chromatogram(s)

=101
LD A, Wavelength=210 nm of MTCV0-134.0
mal
(@] 1000 o
EAIEE 109756
800 4
g.ﬂrea.ZDZﬂ\Ebﬁ
600 4
400
200 4
o — -
il 1'1 1‘2 1‘3 1‘4 1'5 1‘5 1'7 min‘
Signal 1: LYWD1 A, Wavelengbh=218 nm
Peak RT Twpe  Width Areq Height Areq
# [min] [min]  [mAl*sec] [maAll] S
|——- | | | | |
1 12.427 MM A.381 19975.60166 874 .14465 49,6545
2 14.722 MM A.493 20245.55875 684 .43555 BA.3355
Totals : 408227.15234  15R5.58AZ0
~loix]
LD A, Wfavelength=210 nm of MTCW0-132.0
mAay o
1000 4 B Adea: 30547 3
800 4
600 4
400 4
200 4
3
o+ A NG 411
1 11 1‘2 1‘3 1'4 1'5 1‘5 1‘7 mmI
Signal 1: LVWD1 A, Wavelength=218 nm
Peak, RT Tvpe  Width Areq Height Areq
# [min] [min] [mal¥zec] [mll] k3
|———-1 | | | | | |
1 12.498 MM B.336 165 . 41865 5.35879 B.3536
2 14.612 MM B.587 3ER47.308559  16884.37323 99,6464
Totals : FEEEE.TISTE 186975403
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[® Current Chromatogram(s) oy ]

LYWD1 A, Wavelength=210 nm of MTCU0-184.0
may

(@] 1000 o

800 -

10.881

800

200

200

Signal 1: LWWD1 A, Wavelength=218 nm

Peak RT Type  Width Areq Height Areq
# [min] [min] [ma*zec] [mal] #
[-——-1 | | | | |
1 18.851 MM A.556 22186.27539 66461418 49,4535
2 13.78¢ MM B.8358 22645.96875 4508 . 47635 B8 .5465

Totals : 4480224219 1114.49848
o

LUVWDA A, Wfavelength=210 nm of MTCHMO-180.0
mAl

1900

13.858

1200

Area: 49877 3

1000

800

800

400

200

11.188

ga: 550.226
o4

a 10 11 12 13 14 15 15 7 min

Signal 1: LVWD1 A, Wavelength=218 nm

Peak, RT Tvpe  Width Areq Height Areq
# [min] [min] [mal¥zec] [mll] k3
|———-1 | | | | | |
1 11.19% MM B.418 EER . 22803 22.34335 1.8911
2 13.858 MM B.695  49577.2773  1191.84919 95,9859
Totals : 42750391 1213.39255
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Current Chromatogram(s)

LUWD1 A, Wavelength=210 nm of MTCVO-193.D

mal

(@] 1000 4

800 -

800

400

200

=10l xj

TE B85 a a5 10 105 min,
Signal 1: LMD A, Wavelength=218 nm
Peak. RT Tvpe  Width Aren Height Aren
#* [min] [min]  [mAlPsec] [mAll] ki
—_ [ [
1 7.631 MM A.398 17138.22666 732.43677 FB.6256
z 5.763 MM A.443 16714.64265 625.76929 49,3744
Totals : 33862.86719  1361.2A6A5
-I0]]
LD A, Wiawelength=210 nm of MTC10-262.0
mAl
1400 4
1200 - ?
Fuea: 283516
1000 4
800 4
600 4
400 4
200 4
g - 251 586
o
-] ﬁ!ﬁ 7‘5 3‘5 E‘ﬁ '\IU 1E:5 mml
Signal 1: LMD A, Wavelength=218 nm
Peak. RT Tvpe  Width Aren Height Aren
#* [min] [min]  [mAlPsec] [mAll] ki
—_ [ [ [
1 77260 MM A.411 28361.5R469  1149.12R95 99,8561
z 9,293 MM A.352 261 .hEERT 11.41115 A.9139
Totals : Z8623.14863  116@8.53711
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Current Chromatogram(s)

=1oixj
LD A, Wavelength=210 nm of MTCV0-2492.0
maAl
1000 -
00 -
GO0 -
400
E.ﬂrea: 218713
200 w0
Q rea: 21847 8
o
10 125 1‘5 17‘5 2'0‘ 225 2‘5 27‘5 B‘D 325 riry
Signal 1: LMD A, Wavelength=218 nm
Peak. RT Tvpe  Width Aren Height Aren
#* [min] [min]  [mAlPsec] [mAll] ki
—_ [ [
1 15.266 MM 1.215 215871.28125 3889641 FB.B263
z 26215 MM Z.281 215847.83283 16543869 49,9732
Totals : 43719.11325 46563618
1=
LD AL WMiawelength=210 nm of MTCY10-241.0
Al
1000 4
800 4
600 4
. T Area: 200178
200 4
0 & A7 6,
il 12“5 1“5 17.5 20 22'5 2'5 27'5 E‘D 32“5 min,
Signal 1: LVWDL A, Wavelength=218 nm
Peak. RT Tvpe  Width Areq Height Areq
# [min] [min] [mal¥zec] [mll] k3
— | |
1 15.769 MM 1.165 29817.502735 414 . 17654 95,3555
2 27422 MM 1.787 476 19266 4. 51676 1.6145
Totals : 29493 ., 996689 41569338
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Wowrenicvomaonons =IDi
LD A, Wfavelength=210 nm of MTCW0-225. D
mAU 2
O 2300 1 Eﬂlza 27502
H
Me 2000 4
0 OBz i
Me Area: 26329.4
600 4
S1b
1000 4
500 4
o
5‘5 EI 5‘5 '»‘Y 7'5 é HIE 9‘5 mml
Signal 1: LWWD1 A, Wowelength=218 nm
Peak RT Twpe  Width Areq Height Areq
# [min] [min]  [mAl*sec] [maAll] S
[———-1 | | | | | |
1 6.363 FM A.198 27R91.97878  2424.88276 B1.1767
2 7.793 MM A.262 26329.44531  1742.78736 43.8293
Totals @ B3921.41496  4166.57812
[ Carrent Chromatogramizs) =T

LD A, Wavelength=210 nm of MTCVO-228.D
mal

3000 -

©area 200744

2500

2000 -

1500

1000

500

8.075

S69

55 65 75 ] 85 a5 min,
Signal 1: LWWD1 A, Wowelength=218 nm
Peak RT Twpe  Width Areq Height Areq
# [min] [min]  [mAl*sec] [maAll] S
[J— | |
1 6.445 FM A.198 29974.371A9  2632.51978 99,2679
2 8.875 MM A.236 22186939 1F.66218 A.7321
Totals @ 3019544141 2645.12183
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MeO,C

Ph

N\ COo,Et

I8
LD A, Wiawelength=210 nm of MTCL0-257.D
Al
1000
800 o
;AIEE 121602
00 o §
EAIEI 127213
400
200
0
-200
2 8‘5 Q‘ Q!ﬁ 1‘D 1U‘.5 1‘1 115 mm‘
Signal 1: LVWD1 A, Wavelength=218 nm
Peak, RT Tvpe  Width Areq Height Areq
# [min] [min] [mal¥zec] [mll] k3
[-——-1 | | | | |
1 9.415 MM B.257 13168.333681 55325540 EH.5451
2 168.451 MM B.252 12721.31288 TES.BaTTE 49,1519
Totals : ZE551 64453 168629321
o]
LD A, Wavelength=210 nm of MTCY0-260.0
mAL
2500 4
2000 ; rea: 52436.9
1500 4
1000 4
500 4
04 Z 44
85 D‘ D‘E 1IEI 1E:5 1‘1 11‘5 mmI
Signal 1: LWWD1 A, Wavelength=218 nm
| Pedk RT Type  Width Areq Height Areq
# [min] [min] [ma*zec] [mal] #
[-——-1 | | | | | |
1 9.428 MF A.494 B9436.914086 200464533 99,7668
2 18.388 FM @.378 142 .77565 6 .29465 B.2396
Totals : BORT7O.69141  Z018.34298
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