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General Information

Methods: Infrared (IR) spectra were obtained using a Jasco 260 Plus Fourier transform infrared
spectrometer. Proton and carbon nuclear magnetic resonance spectra (*H NMR and *C NMR)
were recorded on a Bruker DRX 400 or 600 (*H NMR at 400 MHz or 600 MHz and *C NMR at
100 or 150 MHz) spectrometer with solvent resonance as the internal standard (*H NMR: CDCls
at 7.26 ppm, acetone-ds at 2.05 ppm, methanol-ds at 3.30 ppm, D,O at 4.79 ppm; *C NMR:
CDCl; at 77.0 ppm, acetone-ds at 29.8 ppm, methanol-ds at 49.0) or tetramethylsilane as the
internal standard at 0.00 ppm. *H NMR data are reported as follows: chemical shift, multiplicity
(s = singlet, bs = broad singlet, d = doublet, dd = doublet of doublet, dt = doublet of triplets, ddd
= doublet of doublet of doublets, t = triplet, g = quartet, m = multiplet), coupling constants (Hz),
and integration. Supercritical fluid chromatography was performed on a Berger SFC system
equipped with Chiralcel AD, AS, OD, and WO columns (¢ 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. HPLC analysis was performed on an Agilent Technologies 1200 System equipped with
Chiralpak 1A, IB, and IC columns (constant flow at 1.00 mL/min). 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 (Note: All samples prepared in methanol with ammonium acetate, formic
acid, or cesium acetate additives). Melting point data was collected on a Thomas Hoover
Capillary Melting Point Apparatus and are uncorrected. Analytical thin layer chromatography
(TLC) was performed on Sorbent Technologies Silica G 0.20 mm silica gel plates. Visualization
was accomplished with UV light, aqueous basic potassium permanganate solution, or
Seebach’s TLC stain followed by heating. Flash chromatography was performed using Silia-P
flash silica gel (40-63 pm) purchased from Silicycle. Yield refers to isolated yield of analytically
pure material unless otherwise noted.

Materials: Triethylamine (EtsN) and tert-amyl alcohol (‘AmylOH) were freshly distilled from
calcium hydride prior to use. Sodium tert-amylate (NaO'Amyl) solution was prepared by reaction
of sodium metal (cut into thin strips) with freshly distilled tert-amyl alcohol at 50 °C.
Dichloromethane (CH:Cly), diethyl ether (Et20), tetrahydrofuran (THF), and toluene were dried
by passage through a column of neutral alumina under nitrogen prior to use. Ethyl glyoxylate
was purchased from Sigma Aldrich or Alfa Aesar and distilled according to a literature
procedure immediately before use (the concentration after distillation was determined by *H
NMR spectroscopy).! (R,R)-1,2-di(naphthyl)-1,2-ethanediamine-dihydrochloride salt? and m-
terphenyl sulfonyl chloride® were prepared according to literature procedures. All other reagents
were purchased from commercial sources and used as received unless otherwise noted.
Anhydrous dimethylformamide (DMF) and dimethylsulfoxide (DMSO) were purchased from
Sigma Aldrich or Fisher Scientific.
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Preparation of (R,R)-N-(2-amino-1,2-di(naphthalene-1-y)ethyD)-[m-terphenyl]-2’-
sulfonamide, L1

A s

. 2) Ph .
" NH4Cl 0 ~N-80;
O S O o
J . J
Ph

To a 100 mL round-bottomed flask equipped with oversized magnetic stir bar containing 3M
NaOH (18 mL) and dichloromethane (18 mL) was added (R,R)-1,2-di(naphthyl)-1,2-
ethanediamine-dihydrochloride salt (1.38 g, 3.58 mmol, 1.0 equiv). The resulting mixture was
stirred vigorously for 14 h. The reaction was cooled to 0 °C and m-terphenyl sulfonyl chloride
(1.18 g, 3.58 mmol, 1.0 equiv) was added. The reaction was allowed to warm to room
temperature over 30 min. After 1.5 h at room temperature, the reaction was diluted with water
(15 mL) and extracted with ethyl acetate (2 x 20 mL). The combined organic extracts were
washed with brine, dried (Na.SO.) and concentrated. Flash chromatography (50%
EtOAc/hexanes) provided L1 (1.04 g, 1.72 mmol, 48%) as an off-white solid. Analytical data for
L1 matched that previously reported.®

NHACI 1) 3M NaOH, CH,Cl,

Preparation of Enone 13a

? o} o
O 10% aq. NaOH o) A
¢ + SORAS
o OMe o OMe
13a

To a solution of piperonal (12.29 g, 81.9 mmol, 1.0 equiv) and 4-methoxyacetophenone (12.29
g, 81.9 mmol, 1.0 equiv) in ethanol (40 mL) was added 10% aqueous sodium hydroxide (2.4
mL). After 22 h, the yellow suspension was diluted with ethanol/water (50/50, 50 mL). Suction
filtration and washing with ethanol/water (50/50, 150 mL) provided 13a (22.7 g, 80.3 mmol, 98%
yield) as a yellow solid. Analytical data for 13a: *H NMR (600 MHz, CDCls): § 8.06 — 7.96 (m,
2H), 7.72 (d, J = 15.5 Hz, 1H), 7.38 (d, J = 15.5 Hz, 1H), 7.16 (d, J = 1.7 Hz, 1H), 7.14 — 7.09
(m, 1H), 6.97 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.0 Hz, 1H), 6.02 (s, 2H), 3.88 (s, 3H).; *C NMR
(150 MHz, CDCls) 6 188.5, 163.3, 149.7, 148.3, 143.8, 131.2, 130.7, 129.5, 125.0, 119.8, 113.8,
108.6, 106.6, 101.6, 55.5; IR (thin film, cm™): 1652, 1602, 1506, 1036; m.p. 130-131 °C; TLC
(20% EtOAc/hexanes) R : 0.22; HRMS (ESI): Calculated for [M+H]+ Ci7H1504: 283.0970,
Found: 283.0965.
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Preparation of Enone S1

? o) o)
<o 40% aqg. NaOH <o X
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o OH MeoH ) OH
S1 OMe

To a solution of piperonal (750 mg, 5.0 mmol, 1.0 equiv) and acetovanillone (830 mg, 5.0 mmol,
1.0 equiv) in methanol (15 mL) was added 40% aqueous sodium hydroxide (5 mL). After 25 h,
the reaction was diluted with water (20 mL) and brought to pH = 0 with concentrated
hydrochloric acid resulting in warming of the reaction solution. After cooling to room temperature
and stirring for 4.5 h, suction filtration provided S1 (692 mg, 2.3 mmol, 46% vyield) as a bright
yellow solid. Analytical data for S1 matched that previously reported.*

Preparation of Enone 13c

? 0
<oji>) )ﬁ 40% aq. NaOH <o
+
o) Et EtOH o Et
13c

To a solution of piperonal (2.25 g, 15.0 mmol, 1.0 equiv) and 4 -ethylacetophenone (2.22 g, 15.0
mmol, 1.0 equiv) in ethanol (40 mL) was added 40% aqueous sodium hydroxide (1.5 mL). After
15 h, the yellow suspension was diluted with water (30 mL). Suction filtration and washing with
ethanol/water (50/50, 40 mL) provided 13c (3.95 g, 14.1 mmol, 94% vyield) as a yellow solid.
Analytical data for 13c: *H NMR (600 MHz, CDCls) § 7.98 — 7.93 (m, 2H), 7.73 (d, J = 15.6 Hz,
1H), 7.38 (d, J = 15.5 Hz, 1H), 7.34 — 7.30 (m, 2H), 7.17 (d, J = 1.7 Hz, 1H), 7.12 (dd, J = 8.0,
1.7 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 6.03 (s, 2H), 2.73 (q, J = 7.6 Hz, 2H), 1.28 (t, J = 7.6 Hz,
3H); *C NMR (150 MHz, CDCls): § 189.9, 149.8, 149.6, 148.4, 144.2, 136.0, 129.5, 128.6,
128.1, 125.1, 120.2, 108.6, 106.6, 101.6, 29.0, 15.2; IR (thin film, cm™): 1652, 1580, 1500,
1362, 991; m.p. 105-106 °C; TLC (20% EtOAc/hexanes) R: : 0.38; HRMS (ESI): Calculated for
[M+H]+ C1gH1703: 281.1178, Found: 281.1173.

Preparation of Enone 13d
? (@] F (@] F
0 40% aq. NaOH 0 A
+
¢ 1 7O
13d

To a solution of piperonal (1.50 g, 9.99 mmol, 1.0 equiv) and 2'-fluoroacetophenone (1.38 g,
9.99 mmol, 1.0 equiv) in ethanol (15 mL) was added 40% aqueous sodium hydroxide (1 mL).
After 5 h, the yellow suspension was diluted with water (45 mL). Suction filtration provided 13d
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(2.56 g, 9.47 mmol, 95% yield) as a yellow solid. Analytical data for 13d: *H NMR (600 MHz,
CDClz): 6 7.80 (td, J = 7.5, 1.9 Hz, 1H), 7.66 (dd, J = 15.7, 1.8 Hz, 1H), 7.51 (dddd, J = 8.3, 7.1,
5.0, 1.8 Hz, 1H), 7.28 — 7.13 (m, 4H), 7.12 - 7.09 (m, 1H), 6.84 (d, J = 8.0 Hz, 1H), 6.02 (s, 2H);
13C NMR (150 MHz, CDCls): § 188.9 (d, J = 2.4 Hz), 161.1 (d, J = 253.0 Hz), 150.1, 148.4,
144.8, 133.7 (d, J = 8.8 Hz), 130.9 (d, J = 2.7 Hz), 129.2, 127.3 (d, J = 13.4 Hz), 1255, 124.5
(d, J =3.4 Hz), 123.7 (d, J = 6.6 Hz), 116.5 (d, J = 23.2 Hz), 108.7, 106.8, 101.6; IR (thin film,
cm™): 1655, 1454, 930, 766; m.p. 127-128 °C; TLC (20% EtOAc/hexanes) Ry : 0.35; HRMS
(ESI): Calculated for [M+H]+ C16H12FO3: 271.0770, Found: 271.0765.

Tert-Butoxycarbonylation of Enone 13b

(0] (e}
<O O A O 18-crown-6 <O O A O
K,CO3, Boc,O
0 OH 2 Et3o A 2 0 OBoc
$1 OMe 13b Ome

To 50 mL round-bottomed flask equipped with magnetic stir bar containing a semi-solution of
enone S1 (676 mg, 2.27 mmol, 1.0 equiv) and 18-crown-6 (60 mg, 0.23 mmol, 0.10 equiv) in
ethyl acetate (10 mL) was added potassium carbonate (471 mg, 3.41 mmol, 1.5 equiv) followed
by di-tert-butyl dicarbonate (495 mg, 2.27 mmol, 1.0 equiv). The resulting orange suspension
was stirred at room temperature. After 27 h, the reaction was partitioned between ethyl acetate
(25 mL) and water (25 mL). The aqueous layer was extracted with ethyl acetate (10 mL). The
combined organic extracts were washed with brine (15 mL), dried (Na.SO,) and concentrated to
provide 13b (904 mg, 2.27 mmol, 100% yield) as a crystalline, yellow solid. Analytical data for
13b: H NMR (600 MHz, CDCls): § 7.74 (d, J = 15.5 Hz, 1H), 7.64 (d, J = 1.9 Hz, 1H), 7.60 (dd,
J=8.2,1.9 Hz, 1H), 7.33 (d, J = 15.5 Hz, 1H), 7.24 (d, J = 8.2 Hz, 1H), 7.16 (d, J = 1.7 Hz, 1H),
7.12 (dd, J = 8.2, 1.7 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 6.03 (s, 2H), 3.94 (s, 3H), 1.56 (s, 9H);
3C NMR (150 MHz, CDCl3) & 189.0, 151.6, 150.8, 150.0, 148.4, 144.9, 143.8, 137.0, 129.3,
125.3, 122.3, 121.5, 119.7, 112.1, 108.7, 106.6, 101.6, 83.9, 56.1, 27.6; IR (thin film, cm™):
1761, 1661, 1585, 1506, 805; m.p. 141-143 °C; TLC (20% EtOAc/hexanes) R : 0.22; HRMS
(ESI): Calculated for [M+H]+ C22H2307: 399.1444, Found: 399.1440.

General Procedure A for the Preparation of B-Substituted-o,6-Diketo Esters 12a-d

|
\—n_ B
o) Q ® CeFs
EtO% o) X x (0.2 equiv)
Hoo+ i
o) <O ‘ = R EtzN (1.5 equiv), CH,ClI,
(3 x 1.0 equiv) 13a-13d

To a flame-dried round-bottomed flask equipped with magnetic stir bar were added enone 13a-d
(1.0 equiv), triazolium salt (0.2 equiv), and freshly distilled ethyl glyoxylate solution (1.0 equiv,
~90% in toluene). The flask was sealed with a rubber septum and purged with nitrogen.
Dichloromethane (0.5 M) followed by triethylamine (1.5 equiv) were then added. After 1.5 h and
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5 h additional ethyl glyoxylate solution (1.0 equiv, respectively) was added. After 24 h, the
reaction was concentrated in vacuo and purified by flash chromatography using the indicated
solvent system.

oMe Ethyl 3-(benzo[d][1,3]dioxol-5-yl)-5-(4-methoxyphenyl)-2,5-
dioxopentanoate (12a): The title compound was prepared according to
General Procedure A: enone 13a (5.00 g, 17.7 mmol), triazolium salt
(1.28 g, 3.53 mmol), ethyl glyoxylate (3 x 2.0 g, 3 x 17.7 mmol),
dichloromethane (35.3 mL), triethylamine (3.69 mL, 26.5 mmol). Flash
chromatography (20-40% EtOAc/hexanes) provided 12a (6.70 g,
contained 4% enone which could not be efficiently separated) as a clear, viscous oil. This
material was reduced in its entirety (vide infra). In another experiment an analytically pure
sample was obtained by careful selection of a clean fraction. Analytical data for 12a: *H NMR
(600 MHz, CDCls): 8 7.98 — 7.70 (m, 2H), 6.98 — 6.87 (m, 2H), 6.83 (d, J = 1.7 Hz, 1H), 6.81 —
6.70 (m, 2H), 6.01 — 5.86 (m, 2H), 5.04 (dd, J = 10.6, 3.9 Hz, 1H), 4.43 — 4.20 (m, 2H), 3.91 (dd,
J=17.9,10.6 Hz, 1H), 3.86 (d, J = 1.6 Hz, 3H), 3.36 (dd, J = 17.9, 3.9 Hz, 1H), 1.32 (t, J = 7.2
Hz, 2H). 3C NMR (150 MHz, CDCls): § 195.8, 192.0, 163.8, 160.4, 148.2, 147.3, 130.4, 128.9,
128.8, 122.3, 113.7, 109.1, 108.7, 101.2, 62.5, 55.5, 47.8, 42.9, 13.9; IR (thin film, cm™): 2906,
1728, 1670, 1601, 1488, 1171, 1038; TLC (30% EtOAc/hexanes) R; : 0.29; HRMS (ESI):
Calculated for [M+Cs]+ C21H20CsO7: 517.0263, Found: 517.0265.

6]
o—/

Ethyl 3-(benzo[d][1,3]dioxol-5-yl)-5-(4-((tert-butoxycarbonyl)oxy)-3-
methoxyphenyl)-2,5-dioxopentanoate (12b): The title compound was
prepared according to General Procedure A: enone 13b (850 mg, 2.13
mmol), triazolium salt (155 mg, 0.426 mmol), ethyl glyoxylate (3 x 242
mg, 3 x 0.426 mmol), dichloromethane (4.2 mL), triethylamine (0.45
mL, 3.2 mmol). Flash chromatography (20-25% EtOAc/hexanes)
provided 12b (1.01 g, 2.02 mmol, 95% vyield) as pale yellow solid.
Analytical data for 12b: *H NMR (600 MHz, CDCls): § 7.56 — 7.53 (m, 2H), 7.22 — 7.14 (m, 1H),
6.81 (d, J = 1.5 Hz, 1H), 6.80 — 6.74 (m, 2H), 5.94 (d, J = 2.6 Hz, 2H), 5.04 (dd, J = 10.4, 4.0
Hz, 1H), 4.33 — 4.24 (m, 2H), 3.91 (dd, J = 18.1, 10.4 Hz, 1H), 3.88 (s, 3H), 3.38 (dd, J = 18.1,
4.0 Hz, 1H), 1.54 (s, 9H), 1.32 (t, J = 7.2 Hz, 3H); 3C NMR (150 MHz, CDClz): § 196.2, 191.8,
160.3, 151.5, 150.6, 148.2, 147.4, 144.4, 134.5, 128.4,122.4, 122.4, 121.5, 111.5, 109.0, 108.8,
101.2, 84.0, 62.5, 56.0, 47.9, 42.9, 27.5, 13.9; IR (thin film, cm™): 2982, 1762, 1730, 1683,
1506, 1488, 1146, 1039, 738; m.p. 108-109 °C TLC (30% EtOAc/hexanes) R : 0.29; HRMS
(ESI): Calculated for [M+H]+ C26H29010: 501.1761, Found: 501.1758.

Ethyl 3-(benzo[d][1,3]dioxol-5-yl)-5-(4-ethylphenyl)-2,5-
dioxopentanoate (12c): The title compound was prepared according to
General Procedure A: enone 13c (3.90 g, 13.9 mmol), triazolium salt
(2.01 g, 2.78 mmol), ethyl glyoxylate (3 x 1.58 g, 3 x 13.9 mmol),
dichloromethane (28 mL), triethylamine (2.9 mL, 21 mmol). Flash
chromatography (10-15% EtOAc/hexanes) provided 12c¢ (5.30 g, 13.9
mmol, 99% yield) as a viscous yellow oil. Analytical data for 12¢: *H NMR (600 MHz, CDCls): &
7.87 (d, J = 8.3 Hz, 2H), 7.28 — 7.26 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 1.8 Hz, 1H), 6.81 — 6.73
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(m, 2H), 5.94 (d, J = 3.0 Hz, 2H), 5.05 (dd, J = 10.5, 3.9 Hz, 1H), 4.35 — 4.24 (m, 2H), 3.94 (dd,
J=18.1, 10.5 Hz, 1H), 3.39 (dd, J = 18.1, 4.0 Hz, 1H), 2.69 (9, J = 7.6 Hz, 2H), 1.32 (t, J = 7.2
Hz, 3H), 1.24 (t, J = 7.6 Hz, 3H); *C NMR (150 MHz, CDCls): & 197.0, 191.9, 160.4, 150.5,
148.2, 147.3, 133.6, 128.7, 128.4, 128.1, 122.3, 109.1, 108.7, 101.2, 62.5, 47.8, 43.0, 28.9,
15.1, 13.9; IR (thin film, cm™): 2968, 2935, 2905, 1729, 1678, 1607, 1488, 1038, 766; TLC (30%
EtOAc/hexanes) Rs : 0.28; HRMS (ESI): Calculated for [M+H]+ C2H230s: 383.1495, Found:
383.1492.

Ethyl 3-(benzo[d][1,3]dioxol-5-yI)-5-(2-fluorophenyl)-2,5-
dioxopentanoate (12d): The title compound was prepared according to
General Procedure A: enone 13d (500 mg, 1.85 mmol), triazolium salt
(2134 mg, 0.37 mmol), ethyl glyoxylate (3 x 230 mg, 3 x 1.85 mmol),
dichloromethane (3.7 mL), triethylamine (0.39 mL, 2.8 mmol). Flash
chromatography (15-20% EtOAc/hexanes) provided 12d (685 mg, 1.84
mmol, 99% yield) as a viscous yellow oil. Analytical data for 12d: *H NMR (600 MHz, CDCly): &
7.86 (td, J = 7.6, 1.9 Hz, 1H), 7.57 — 7.48 (m, 1H), 7.23 — 7.19 (m, 1H), 7.12 (ddd, J = 11.3, 8.3,
1.1 Hz, 1H), 6.80 (d, J = 1.7 Hz, 1H), 6.78 — 6.74 (m, 2H), 5.94 — 5.92 (m, 2H), 5.05 (dd, J =
10.8, 3.7 Hz, 1H), 4.33 — 4.22 (m, 2H), 3.95 (ddd, J = 18.9, 10.8, 3.3 Hz, 1H), 3.39 (dt, J = 18.9,
3.6 Hz, 1H), 1.32 (t, J = 7.2 Hz, 3H); **C NMR (150 MHz, CDCl3): § 195.4 (d, J = 4.1 Hz), 191.7,
162.2 (d, J = 255.7 Hz), 160.4, 148.1, 147.4, 135.1 (d, J = 9.1 Hz), 130.6 (d, J = 2.3 Hz), 128.4,
124.5 (d, J = 3.3 Hz), 124.3 (d, J = 12.6 Hz), 122.4, 116.7 (d, J = 23.7 Hz), 109.0, 108.7, 101.2,
62.5,47.8 (d, J= 2.3 Hz), 47.6 (d, J = 8.5 Hz), 13.9; IR (thin film, cm™): 2984, 2904, 1739, 1683,
1610, 1487, 1453, 1038, 768; TLC (20% EtOAc/hexanes) R¢: 0.21; HRMS (ESI): Calculated for
[M+H]+ CooH18FO6: 373.1087, Found: 373.1087.

6]
o—/

General Procedure B for Preparation of Racemic 8-Keto-a-Hydroxy Esters (1)-14a-d

LiBHEt3 (1.0 equiv)

THF, -78 °C

(¥)-14a-d
0]
o—/

Lithium triethylborohydride (1.0 equiv, 1.0 M solution in THF) was added to a solution of -
substituted o,5-diketo ester 12a-d (1.0 equiv) in THF (0.5 M concentration) at -78 °C. The
reaction was allowed to stir at this temperature for 10 min and quenched with saturated
ammonium chloride. The reaction was further diluted with diethyl ether and water. The organic
layer was washed with brine, dried over sodium sulfate and concentrated in vacuo to give o-
keto 5-hydroxy esters x which were purified by flash chromatography using the indicated solvent
systems.

S7



General Procedure C for Preparation of Enantioenriched 8-Keto-a-Hydroxy Esters 14a-d

N L{CI

Ru catalyst
(R,R-sulfonamide ligand)

Ru catalyst (0.3 mol %)
HCO,H:Et3N (5.0 equiv)
DMSO, rt

To a flame-dried 20 mL scintillation vial equipped with magnetic stir bar were added [RuClx(p-
cymene)]> (0.3-0.4 mol %) and L1 (1.2-1.6 mol %). The vial was purged with nitrogen and
DMSO (0.01 M) was added. The resulting solution was heated to 70 °C. After 1 h, the red
solution was cooled to room temperature and transferred via cannula to a solution of a-keto
ester 12a-d (1.0 equiv) in DMSO (0.6 M) under nitrogen. Formic acid/triethylamine azeotrope
(5:2, 5.0 equiv) was added. After the indicated time period the reaction was diluted with water
and extracted with ethyl acetate (2x). The combined organic extracts were washed with brine,
dried (Na;SO4) and concentrated in vacuo. The crude product was purified by flash
chromatography using the indicated solvent systems.

OoMe (2S,3S)-Ethyl 3-(benzo[d][1,3]dioxol-5-yI)-2-hydroxy-5-(4-
methoxyphenyl)-5-oxopentanoate (14a): The title compound was
prepared according to General Procedure C: [RuClx(p-cymene)]. (32.5
142 mg, 0.053 mmol, 0.3 mol %), L1 (128 mg, 0.212 mmol, 12 mol %),

OJO DMSO (5.3 mL); a-keto ester 12a (6.70 g, contained 4% enone from

preparation, vide supra), DMSO (30 mL), formic acid/triethylamine
azeotrope (5:2, 7.64 mL, 88.4 mmol, 5.0 equiv); 24 h. The diastereomer ratio (>20:1 dr) was
determined by H NMR spectroscopic analysis of the crude reaction mixture in which no
diastereomer was observed. Flash chromatography provided 14a (6.31 g, 16.3 mmol, 92% yield
over 2 steps, >20:1 dr) as a pale yellow, viscous oil. Analytical data for 14a: *H NMR (600 MHz,

CDClg): 6 7.98 — 7.95 (m, 2H), 6.95 — 6.89 (m, 2H), 6.84 (d, J = 1.7 Hz, 1H), 6.75 — 6.67 (m,

2H), 5.90 (q, J = 1.6 Hz, 2H), 4.50 (dd, J = 6.1, 3.1 Hz, 1H), 4.14 (qq, J = 7.4, 3.6 Hz, 2H), 3.86

(s, 4H), 3.62 (dd, J =17.5, 8.1 Hz, 1H), 3.34 (dd, J = 17.5, 6.1 Hz, 1H), 2.88 (d, J = 6.1 Hz, 1H),

1.26 (t, J = 7.2 Hz, 3H); **C NMR (150 MHz, CDCls): § 196.7, 173.7, 163.5, 147.4, 146.6, 132.7,

130.3, 130.0, 121.8, 113.7, 108.9, 108.0, 100.9, 72.6, 61.8, 55.4, 43.4, 40.2, 14.2; IR (thin film,

cm™): 3503, 2903, 1733, 1673, 1601, 1506, 1489, 1037; TLC (30% EtOAc/hexanes) R : 0.19;

HRMS (ESI): Calculated for [M+H]+ C21H2307: 387.1444, Found: 387.1440; SFC Analysis: AD

column, 20% MeOH, 1.5 mL/min, 150 bar, 210 nM; tmajor = 10.1 MiN, tminor = 13.5 min, 96:4 er;

[a]o®® -17.9 (c = 0.26, MeOH).
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(2S,3S)-Ethyl 3-(benzo[d][1,3]dioxol-5-yl)-5-(4-((tert-
butoxycarbonyl)oxy)-3-methoxyphenyl)-2-hydroxy-5-
oxopentanoate (14b): The title compound was prepared according to
General Procedure C: [RuCly(p-cymene)]. (14.8 mg, 0.024 mmol, 0.4
mol %), L1 (58.6 mg, 0.097 mmol, 16 mol %), DMSO (2.4 mL); a-keto
ester 12b (3.03 g, 6.06 mmol, 1.0 equiv), DMSO (9.7 mL), formic
acid/triethylamine azeotrope (5:2, 2.62 mL, 30.3 mmol, 5.0 equiv); 28 h. The diastereomer ratio
(>20:1 dr) was determined by *H NMR spectroscopic analysis of the crude reaction mixture in
which no diastereomer was observed. Flash chromatography provided 14b (2.92 g, 5.81 mmol,
96%, >20:1 dr) as a sticky, yellow foam. Analytical data for 14b: *H NMR (600 MHz, CDCls): §
7.63 —7.56 (m, 2H), 7.19 (d, J = 8.2 Hz, 1H), 6.82 (d, J = 1.7 Hz, 1H), 6.74 — 6.67 (m, 2H), 5.90
(s, 2H), 4.49 (dd, J = 5.9, 3.1 Hz, 1H), 4.14 (qq, J = 7.4, 3.6 Hz, 2H), 3.88 (s, 3H), 3.84 (ddd, J =
7.6, 6.4, 3.1 Hz, 1H), 3.61 (dd, J = 17.6, 7.7 Hz, 1H), 3.39 (dd, J = 17.6, 6.4 Hz, 1H), 2.90 (d, J =
6.0 Hz, 1H), 1.54 (s, 9H), 1.25 (t, J = 7.2 Hz, 3H); **C NMR (150 MHz, CDCls): § 197.0, 173.5,
151.4, 150.7, 147.5, 146.7, 144.2, 135.5, 132.4, 122.4,121.8, 121.4, 111.5, 108.9, 108.0, 100.9,
83.9, 72.6, 61.8, 56.0, 43.4, 40.5, 27.5, 14.2; IR (thin film, cm™): 3503, 2981, 1762, 1684, 1506;
TLC (30% EtOAc/hexanes) R¢: 0.19; HRMS (ESI): Calculated for [M+H]+ C26H31010: 503.1917,
Found: 503.1921; SFC Analysis: AD column, 15% MeOH, 1.5 mL/min, 150 bar, 210 nm; tmajor =
7.4 min, tminor = 8.8 min, 97:3 er; [a]p® +3.2 (¢ = 0.34, MeOH).

et (2S,3S)-Ethyl 3-(benzo[d][1,3]dioxol-5-yI)-5-(4-ethylphenyl)-2-
hydroxy-5-oxopentanoate (14c): The title compound was prepared
according to General Procedure C: [RuCly(p-cymene)]z (9.0 mg, 0.015
mmol, 0.3 mol %), L1 (35.5 mg, 0.059 mmol, 12 mol %), DMSO (1.5 mL);
a-keto ester 12¢ (1.87 g, 4.89 mmol, 1.0 equiv), DMSO (8.3 mL), formic
acid/triethylamine azeotrope (5:2, 2.12 mL, 24.5 mmol, 5.0 equiv); 22 h.
The diastereomer ratio (>20:1 dr) was determined by *H NMR spectroscopic analysis of the
crude reaction mixture in which no diastereomer was observed. Flash chromatography provided
14c (1.84 g, 4.79 mmol, 98%, >20:1 dr) as a viscous pale yellow oil. Analytical data for 14c: *H
NMR (600 MHz, CDCls): 6 7.91 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 8.2 Hz, 2H), 6.84 (d, J = 1.7 Hz,
1H), 6.77 — 6.65 (m, 2H), 5.90 (q, J = 1.5 Hz, 2H), 4.51 (dd, J = 6.1, 3.1 Hz, 1H), 4.15 (qq, J =
7.2, 3.6 Hz, 2H), 3.87 (ddd, J = 8.0, 6.1, 3.1 Hz, 1H), 3.65 (dd, J = 17.7, 8.0 Hz, 1H), 3.38 (dd, J
=17.7, 6.1 Hz, 1H), 2.90 (d, J = 6.1 Hz, 1H), 2.69 (q, J = 7.6 Hz, 2H), 1.25 (td, J = 7.4, 6.3 Hz,
6H); *C NMR (150 MHz, CDCls): & 197.8, 173.7, 150.2, 147.4, 146.6, 134.6, 132.6, 128.3,
128.0, 121.8, 108.9, 108.0, 100.9, 72.6, 61.8, 43.3, 40.5, 28.9, 15.1, 14.2; IR (thin film, cm™):
3502, 2968, 1733, 1683, 1505, 1489, 1038, 813; TLC (30% EtOAc/hexanes) R: : 0.28; HRMS
(ESI): Calculated for [M+H]+ C2:H250s: 385.1651, Found: 385.1648; SFC Analysis: AD column,
20% MeOH, 1.5 mL/min, 150 bar, 210 NM; tmajor = 8.6 MiN, tminor = 10.6 min, 97:3 er; [a]p® -11.8
(c =0.12, MeOH).

(6]
o—/
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(2S,3S)-Ethyl 3-(benzo[d][1,3]dioxo0l-5-yl)-5-(2-fluorophenyl)-2-hydroxy-
5-oxopentanoate (14d): The title compound was prepared according to
General Procedure C: [RuCly(p-cymene)]. (14.4 mg, 0.023 mmol, 0.3 mol
%), L1 (56.8 mg, 0.094 mmol, 12 mol %), DMSO (2.3 mL); a-keto ester 12d
(2.91 g, 7.82 mmol, 1.0 equiv), DMSO (13.3 mL), formic acid/triethylamine
azeotrope (5:2, 3.38 mL, 39.1 mmol, 5.0 equiv); 23 h. The diastereomer ratio (>20:1 dr) was
determined by H NMR spectroscopic analysis of the crude reaction mixture in which no
diastereomer was observed. Flash chromatography provided 14d (2.77 g, 7.40 mmol, 95%,
>20:1 dr) as a viscous pale yellow oil. Analytical data for 14d: *H NMR (600 MHz, CDCls): § 7.82
(td, J = 7.6, 1.9 Hz, 1H), 7.51 (dddd, J = 8.3, 7.1, 5.0, 1.9 Hz, 1H), 7.20 (ddd, J = 8.0, 7.3, 1.1
Hz, 1H), 7.13 (ddd, J = 11.3, 8.3, 1.1 Hz, 1H), 6.81 (d, J = 1.5 Hz, 1H), 6.74 — 6.65 (m, 2H), 5.91
—5.89 (m, 2H), 4.52 (dd, J = 6.2, 3.2 Hz, 1H), 4.15 (qq, J = 7.1, 3.6 Hz, 2H), 3.85 (dddd, J = 7.5,
6.2, 3.3, 1.0 Hz, 1H), 3.67 (ddd, J =18.5, 7.9, 2.9 Hz, 1H), 3.43 (ddd, J = 18.5, 6.2, 2.9 Hz, 1H),
2.84 (d, J =6.3 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCl3): § 196.5 (d, J = 4.3
Hz), 173.7, 161.9 (d, J = 255.2 Hz), 147.4, 146.6, 134.6 (d, J = 9.0 Hz), 132.4,130.5(d, J = 2.6
Hz), 125.6 (d, J = 12.9 Hz), 124.4 (d, J = 3.4 Hz), 121.9, 116.7 (d, J = 23.7 Hz), 109.0, 108.0,
100.9, 72.6, 61.8, 45.5 (d, J = 7.7 Hz), 43.1, 14.2; IR (thin film, cm™): 3502, 2983, 2902, 1733,
1685, 1609, 1488, 1452, 1098, 1038, 766; TLC (20% EtOAc/hexanes) R;: 0.21; HRMS (ESI):
Calculated for [M+H]+ CxoHisFNaOs: 397.1063, Found: 397.1060; SFC Analysis: AD column,
20% MeOH, 1.5 mL/min, 150 bar, 210 nM; tminor = 6.8 MIN, tmajor = 8.5 Min, 98:2 er; [a]p® -17.0
(c =0.22, MeOH).

General Procedure D for Preparation of 8-Keto-a-Carboxy Imidazoles 15a-d

/N
L

CDI (1.5 equiv)
CH,Cly, rt

To a flame-dried round-bottomed flask equipped with magnetic stir bar under nitrogen was
added 1,1'-carbonyldiimidazole (1.5 equiv) and dichloromethane. To the resulting suspension
was added a solution of 3-keto-a-hydroxy ester 14a-d (1.0 equiv) in dichloromethane. The
reaction was stirred for the indicated time period then diluted with dichloromethane and water.
The aqueous layer was extracted with dichloromethane. The combined organic extracts were
dried (Na;SO.) and concentrated in vacuo. The crude product was purified by flash
chromatography using the indicated solvent systems.
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(2S,3S)-3-(Benzo[d][1,3]dioxol-5-yI)-1-ethoxy-5-(4-methoxyphenyl)-
1,5-dioxopentan-2-yl 1H-imidazole-1-carboxylate (15a): The title
compound was prepared according to General Procedure D: 1,1'-
carbonyldiimidazole (3.90 g, 24.1 mmol), dichloromethane (32 mL), &-
keto-a-hydroxy ester 14a (6.20 g, 16.1 mmol); 19 h. Flash
chromatography provided 15a (7.25 g, 15.1 mmol, 94% yield) as a white
foam. Analytical data for 15a: *H NMR (600 MHz, CDCls): § 8.11-8.10
(m, Hz, 1H), 7.93 — 7.88 (m, 2H), 7.39-7.38 (m, 1H), 7.09 — 7.04 (m, 1H), 6.93 — 6.87 (m, 2H),
6.81 (d, J =1.7 Hz, 1H), 6.80 — 6.70 (m, 2H), 5.92 (s, 2H), 5.55 (d, J = 4.9 Hz, 1H), 4.23 — 4.02
(m, 3H), 3.84 (s, 3H), 3.50 (dd, J = 17.6, 8.0 Hz, 1H), 3.39 (dd, J = 17.5, 6.0 Hz, 1H), 1.17 (t, J =
7.2 Hz, 3H); **C NMR (150 MHz, CDCly): § 195.1, 167.3, 163.8, 147.9, 147.8, 147.0, 137.0,
131.8, 130.8, 130.2, 129.3, 121.6, 117.1, 113.8, 108.4, 108.3, 101.1, 77.9, 62.0, 55.4, 41.2,
39.8, 13.9; IR (thin film, cm™): 2981, 1752, 1674, 1601, 1397, 1172, 1038, 733; TLC (50%
EtOAc/hexanes) R: : 0.11; HRMS (ESI): Calculated for [M-CsHsN2+MeOH]+ Cau3H2500:
445.1499, Found: 445.1495; [a]o® -6.3 (c = 0.26, MeOH).

OMe (2S,39)-3-(Benzo[d][1,3]dioxol-5-yI)-5-(4-((tert-
butoxycarbonyl)oxy)-3-methoxyphenyl)-1-ethoxy-1,5-dioxopentan-
2-yl 1H-imidazole-1-carboxylate (15b): The title compound was
prepared according to General Procedure D: 1,1'-carbonyldiimidazole
(248 mg, 1.53 mmol), dichloromethane (2.0 mL), &-keto-a-hydroxy
ester 14b (512 mg, 1.02 mmol); 2 h. Flash chromatography provided
15b (550 mg, 0.93 mmol, 91% yield) as a white foam. Analytical data
for 15b: *H NMR (600 MHz, CDCls): § 8.12 (t, J = 1.0 Hz, 1H), 7.55 (d, J = 1.9 Hz, 1H), 7.53 (d,
J=8.2 Hz, 1H), 7.39 (t, J = 1.5 Hz, 1H), 7.19 (d, J = 8.2 Hz, 1H), 7.08 (dd, J = 1.7, 0.8 Hz, 1H),
6.82 — 6.79 (m, 1H), 6.79 — 6.72 (m, 2H), 5.94 (s, 2H), 5.55 (d, J = 5.0 Hz, 1H), 4.25 — 4.09 (m,
3H), 3.88 (s, 3H), 3.51 (dd, J =17.8, 7.6 Hz, 1H), 3.45 (dd, J = 17.7, 6.4 Hz, 1H), 1.54 (s, 9H),
1.20 (t, J = 7.1 Hz, 3H); **C NMR (150 MHz, CDCls): § 195.5, 167.2, 151.6, 150.6, 148.0, 147.9,
147.2, 1445, 137.1, 134.9, 131.6, 131.0, 122.5, 121.7,121.3, 117.1, 111.5, 108.4, 108.4, 101.2,
84.1, 77.8, 62.1, 56.1, 41.2, 40.2, 27.5, 14.0; IR (thin film, cm™): 2981, 1760, 164, 1506, 1396,
1145, 737; TLC (50% EtOAc/hexanes) R: : 0.19; HRMS (ESI): Calculated for [M-
C3H3Na+MeOH]+ CagH30012: 561.1972, Found: 561.1970; [a]p® +10.8 (c = 0.32, MeOH).

(2S,35)-3-(Benzo[d][1,3]dioxol-5-yI)-1-ethoxy-5-(4-ethylphenyl)-1,5-

dioxopentan-2-yl 1H-imidazole-1-carboxylate (15c): The title
compound was prepared according to General Procedure D: 1,1'-
carbonyldiimidazole (1.12 g, 6.91 mmol), dichloromethane (9.2 mL), &-
keto-a-hydroxy ester 14c¢ (1.77 g, 4.60 mmol); 3 h. Flash chromatography
provided 15c (2.16 g, 4.51 mmol, 98% vyield) as a white foam. Analytical
data for 15c: *H NMR (600 MHz, CDCl3): § 8.11 (t, J = 1.0 Hz, 1H), 7.89 —
7.83 (m, 2H), 7.39 (t, J = 1.5 Hz, 1H), 7.30 — 7.23 (m, 2H), 7.08 (dd, J = 1.7, 0.8 Hz, 1H), 6.81
(d, J = 1.7 Hz, 1H), 6.80 — 6.73 (m, 2H), 5.94 (s, 2H), 5.56 (d, J = 4.9 Hz, 1H), 4.27 — 4.05 (m,
3H), 3.54 (dd, J = 17.7, 7.9 Hz, 1H), 3.43 (dd, J = 17.7, 6.1 Hz, 1H), 2.69 (q, J = 7.6 Hz, 2H),
1.24 (t, J = 7.6 Hz, 3H), 1.19 (t, J = 7.1 Hz, 3H); *C NMR (150 MHz, CDCls): § 196.3, 167.3,
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150.7, 148.0, 147.9, 147.1, 137.1, 134.1, 131.8, 130.9, 128.2, 121.7, 117.1, 108.5, 108.4, 101.2,
77.9, 62.1, 41.2, 40.1, 28.9, 15.1, 14.0; IR (thin film, cm™): 2969, 2935, 1735, 1682, 1606, 1490,
1396, 1239, 1039, 735; TLC (30% EtOAc/hexanes) R: : 0.08; HRMS (ESI): Calculated for [M-
CsHsNo+MeOH]+ CasHa7Og: 443.1706, Found: 443.1702; [o]o® +1.8 (c = 0.29, MeOH).

[r:l (2S,3S)-3-(Benzo[d][1,3]dioxol-5-yI)-1-ethoxy-5-(2-fluorophenyl)-1,5-
N) dioxopentan-2-yl 1H-imidazole-1-carboxylate (15d): The title compound
A was prepared according to General Procedure D: 1,1'-carbonyldiimidazole

(2.73 g, 10.7 mmol), dichloromethane (14.2 mL), 5-keto-a-hydroxy ester 14d
(2.66 g, 7.11 mmol); 24 h. Flash chromatography provided 15d (3.19 g, 6.81
mmol, 96% yield) as a viscous pale yellow oil. Analytical data for 15d: *H
b/ NMR (600 MHz, CDCls): § 8.10 (t, J = 1.1 Hz, 1H), 7.79 (td, J = 7.6, 1.9 Hz,
1H), 7.54 — 7.46 (m, 1H), 7.38 (t, J = 1.5 Hz, 1H), 7.22 — 7.17 (m, 1H), 7.10 (ddd, J = 11.4, 8.3,
1.1 Hz, 1H), 7.06 (dd, J = 1.7, 0.9 Hz, 1H), 6.79 (d, J = 1.7 Hz, 1H), 6.77 — 6.71 (m, 2H), 5.92 (s,
2H), 5.53 (d, J = 5.0 Hz, 1H), 4.24 — 4.05 (m, 3H), 3.57 (ddd, J = 18.4, 7.7, 2.8 Hz, 1H), 3.46
(ddd, J =18.4, 6.4, 2.7 Hz, 1H), 1.19 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls): § 195.0 (d,
J=3.9Hz),167.2,161.8 (d, J =254.2 Hz), 148.0, 147.8, 147.0, 137.0, 135.0 (d, J = 9.1 H2),
131.5,130.8, 130.6 (d, J = 2.5 Hz), 124.9 (d, J = 12.6 Hz), 124.6 (d, J = 3.3 Hz), 121.7 , 117.0
,116.7 (d, J = 24.0 Hz), 108.4 , 108.2 ,101.1, 77.8 , 62.0, 45.2 (d, J = 8.2 Hz), 41.0 (d, J = 2.0
Hz), 13.9; IR (thin film, cm™): 2905, 1749, 1685, 1609, 1489, 1452, 1039, 765; TLC (30%
EtOAc/hexanes) R: : 0.08; HRMS (ESI): Calculated for [M-CsHsN2+MeOH]+ Ca2H2FOs:
433.1299, Found:433.1295; [a]o® -10.0 (¢ = 0.21, MeOH).

General Procedure E for Preparation of B-Keto-y-Butyrolactones 9a-d

/N
L

KHMDS (1.0 equiv)
THF, -78 °C to rt

To a flame-dried, oversized round-bottomed flask (500 mL-1000 mL) equipped with magnetic
stir bar under nitrogen was added a solution of d-keto-B-carboxy imidazole 15a-d (1 equiv) in
anhydrous tetrahydrofuran (0.1 M). The flask was cooled to -78 °C and a solution of potassium
bis(trimethylsilylyamide (0.5 M in toluene) was added slowly as a steady stream. After 15 min,
the reaction was warmed to O °C in an ice bath. After 1 h, the reaction was warmed to room
temperature. After an additional 30 min, the reaction was quenched with aqueous saturated
ammonium chloride, diluted with water, and extracted with diethyl ether (2x). The combined
organic extracts were washed with brine, dried (MgSO,), and concentrated in vacuo. The crude
product was purified by flash chromatography using the indicated solvent systems.
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o o Ethyl (2S,3S,4R)-3-(benzo[d][1,3]dioxo0l-5-yl)-4-(4-methoxybenzoyl)-

o O 5-oxotetrahydrofuran-2-carboxylate (9a): The title compound was
E0,C ome Prepared according to General Procedure E: 5-keto-f3-carboxy imidazple
9a 15a (3.17 g, 6.60 mmol), tetrahydrofuran (72 mL), potassium
o b bis(trimethylsilyl)amide (13.2 mL, 6.60 mmol). The diastereomer ratio

~

(>20:1 dr) was determined by *H NMR spectroscopic analysis of the
crude reaction mixture in which no diastereomer was observed. Flash chromatography provided
9a (2.02 g, 4.90 mmol, 74% yield, >20:1 dr) as colorless viscous oil. Analytical data for 9a: *H
NMR (600 MHz, CDCls): & 8.09 — 8.01 (m, 2H), 7.01 — 6.96 (m, 2H), 6.77 — 6.64 (m, 3H), 5.26
(d, J = 8.2 Hz, 1H), 4.94 (d, J = 8.7 Hz, 1H), 4.66 (t, J = 8.4 Hz, 1H), 3.97 (ddq, J = 42.5, 10.8,
7.1 Hz, 2H), 3.88 (s, 3H), 1.00 (t, J = 7.2 Hz, 3H); **C NMR (150 MHz, CDCls): & 189.5, 171.1,
168.0, 164.5, 148.0, 147.6, 132.1, 128.3, 128.1, 121.1, 114.1, 108.5, 108.0, 101.3, 79.3, 61.6,
55.6, 52.3, 46.8, 13.7; IR (thin film, cm™): 2982, 1785, 1742, 1671, 1601, 1507, 1037; TLC (30%
EtOAc/hexanes) Rt : 0.24; HRMS (ESI): Calculated for [M+H]+ CxH210s: 413.1236, Found:
413.1237; [a]p®® +97.8 (c = 0.26, MeOH).

o 9 Ethyl (2S,3S,4R)-3-(benzo[d][1,3]dioxol-5-yl)-4-(4-((tert-

0 O OMe butoxycarbonyl)oxy)-3-methoxybenzoyl)-5-oxotetrahydrofuran-2-
Et0,C oBoc Carboxylate (9b): The title compound was prepared according to
gb General Procedure E: 6-keto-B-carboxy imidazole 15b (2.28 g, 3.83
0O mmol), tetrahydrofuran (38 mL), potassium bis(trimethylsilyl)amide (7.67

mL, 3.83 mmol); The diastereomer ratio (>20:1 dr) was determined by *H
NMR spectroscopic analysis of the crude reaction mixture in which no diastereomer was
observed. Flash chromatography provided 9b (2.02 g, 4.90 mmol, 74% vyield, >20:1 dr) as a
colorless solid. Analytical data for 9b: *H NMR (600 MHz, CDCls): & 7.71 (dd, J = 8.3, 2.0 Hz,
1H), 7.65 (d, J = 2.0 Hz, 1H), 7.30 — 7.24 (m, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.69 (d, J = 1.8 Hz,
1H), 6.65 (dd, J =8.1, 1.9 Hz, 1H), 5.93 (q, J = 1.4 Hz, 2H), 5.24 (d, J = 8.3 Hz, 1H), 4.97 (d, J =
9.2 Hz, 1H), 4.65 (t, J = 8.7 Hz, 1H), 4.03 — 3.91 (m, 2H), 3.90 (s, 3H), 1.54 (s, 9H), 0.99 (t, J =
7.1 Hz, 3H); *C NMR (150 MHz, CDCls): § 190.4, 170.7, 168.0, 151.6, 150.5, 148.1, 147.7,
145.1, 133.9, 127.5, 123.4, 122.7, 121.0, 112.6, 108.5, 107.9, 101.3, 84.1, 79.2, 61.7, 56.1,
52.4, 47.0, 27.5, 13.7; IR (thin film, cm™): 2982, 1762, 1684, 1507, 889; m.p. 68-70 °C; TLC
(30% EtOAc/hexanes) Rs: 0.27; HRMS (ESI): Calculated for [M+Na]+ Cx;H2sNaOi1: 551.1529,
Found: 551.1530; [a]p® +156.0 (c = 0.14, MeOH).

o o Ethyl (2S,3S,4R)-3-(benzo[d][1,3]dioxo0l-5-yl)-4-(4-ethylbenzoyl)-5-
o oxotetrahydrofuran-2-carboxylate (9c): The title compound was
O e Prepared according to General Procedure E: 5-keto-B-carboxy imidazole
EtO,C .
gc 15¢ (2.08 g, 4.34 mmol), tetrahydrofuran (47 mL), potassium
% bis(trimethylsilyllamide (8.70 mL, 4.34 mmol). The diastereomer ratio
~N

(>20:1 dr) was determined by *H NMR spectroscopic analysis of the crude
reaction mixture by comparison of the integration of resonances at 6 5.26 (major diastereomer)
and 3 5.10 (minor diastereomer). Flash chromatography provided 9c (1.23 g, 3.00 mmol, 69%
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yield, >20:1 dr) as a colorless, viscous oil. Analytical data for 9c: *H NMR (600 MHz, CDCls): &
8.00 (d, J =8.4 Hz, 1H), 7.36 — 7.30 (m, 2H), 6.74 — 6.65 (m, 3H), 5.92 (t, J = 1.1 Hz, 2H), 5.25
(d, 3 =8.3 Hz, 1H), 5.00 (d, J = 8.9 Hz, 1H), 4.66 (t, J = 8.5 Hz, 1H), 3.97 (ddq, J = 41.5, 10.7,
7.1 Hz, 2H), 2.72 (q, J = 7.6 Hz, 2H), 1.25 (t, J = 7.6 Hz, 3H), 0.99 (t, J = 7.2 Hz, 3H); **C NMR
(150 MHz, CDCls): & 190.9, 170.9, 168.0, 151.6, 148.0, 147.6, 133.0, 129.8, 128.4, 127.9,
121.0, 108.5, 108.0, 101.3, 79.2, 61.6, 52.3, 46.8, 29.0, 15.0, 13.7; IR (thin film, cm™): 2969,
1787, 1741, 1680, 1606, 1505, 1038, 737; TLC (30% EtOAc/hexanes) R : 0.35; HRMS (ESI):
Calculated for [M+H]+ C23H2307: 411.1444, Found: 411.1441; [a]p® +131.1 (c = 0.58, MeOH).

o o F Ethyl (2S,3S,4R)-3-(benzo[d][1,3]dioxol-5-yl)-4-(2-fluorobenzoyl)-5-
o oxotetrahydrofuran-2-carboxylate (9d): The title compound was prepared
O according to General Procedure E: 3-keto-B-carboxy imidazole 15d (3.09 g,

Eto;C Q 6.60 mmol), tetrahydrofuran (66 mL), potassium bis(trimethylsilyl)amide (13.2
9d mL, 6.60 mmol);The keto/enol ratio (7:1) was determined by 'H NMR
O~ spectroscopic analysis by comparison of the integration of resonances at &
5.94 (keto) and & 5.79 (enol). The diastereomer ratio (>20:1 dr) was determined by *H NMR
spectroscopic analysis of the crude reaction mixture in which no diastereomer was observed.
Flash chromatography provided 9d (1.62 g, 4.05 mmol, 61% yield, 4:1 mixture of keto (>20:1 dr)
to enol tautomers) as a colorless, viscous oil. Analytical data for 9d: *H NMR (Keto tautomer,
600 MHz, CDCls): 6 7.89 (td, J = 7.6, 1.8 Hz, 1H), 7.63 — 7.57 (m, 1H), 7.30 — 7.25 (m, 1H), 7.19
(ddd, J=11.6, 8.3, 1.1 Hz, 1H), 6.77 — 6.68 (m, 3H), 5.94 (s, 2H), 5.17 (d, J = 8.4 Hz, 1H), 5.14
(dd, J = 10.1, 2.2 Hz, 1H), 4.64 (ddd, J = 10.4, 8.4, 2.3 Hz, 1H), 3.98 (ddq, J = 47.0, 10.8, 7.2
Hz, 2H), 1.02 (t, J = 7.2 Hz, 3H); *H NMR (Enol tautomer, 600 MHz, CDCl3): § 11.66 (s, 1H),
7.02 (td, J=7.6, 1.1 Hz, 1H), 6.86 (ddd, J = 10.6, 8.3, 1.1 Hz, 1H), 6.82 — 6.78 (m, 1H), 6.45 (d,
J=7.9 Hz, 1H), 6.42 — 6.36 (m, 2H), 5.79 (d, J = 10.7 Hz, 1H), 5.25 (d, J = 9.5 Hz, 1H), 4.72 (d,
J = 9.5 Hz, 1H), 3.78 (ddqg, J = 69.5, 10.9, 7.2 Hz, 2H), 0.91 (t, J = 7.1 Hz, 3H); **C NMR (Keto
tautomer, 150 MHz, CDCls): & 190.1 (d, J = 3.5 Hz), 170.5, 167.9, 162.2 (d, J = 256.1 H2z),
148.1, 147.7, 136.0 (d, J = 9.5 Hz), 131.4 (d, J = 1.7 Hz), 127.3, 124.8 (d, J = 3.3 Hz), 121.1,
117.1, 116.9, 108.5, 108.0, 101.3, 78.9, 61.7, 55.4 (d, J = 8.3 Hz), 46.5, 13.7; 3C NMR (Enol
tautomer, 150 MHz, CDCls): 6 175.5, 167.2, 164.4, 158.8 (d, J = 251.8 Hz), 147.7, 1325 (d, J =
8.7 Hz), 129.7, 129.3 (d, J = 2.6 Hz), 124.2 (d, J = 10.7 Hz), 124.0 (d, J = 3.4 Hz), 122.2, 115.7,
115.6, 108.7, 107.6, 101.4, 100.9, 79.9, 61.4, 46.0 (d, J = 7.8 Hz), 13.6; IR (thin film, cm™):
1791, 1747, 1685, 1609, 1506, 1490, 1454, 1038, 766; TLC (30% EtOAc/hexanes) R; : 0.27;
HRMS (ESI): Calculated for [M+H]+ C21H1sFO7: 401.1037, Found: 401.1033; [a]p® +66.4 (C =
0.14, MeOH).
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General Procedure F for Reduction of B-Keto-y-Butyrolactones 8a-d

Pd/C

H, (balloon or 50 psi)
EtOAC/EtOH (1:1)

To a round-bottomed flask equipped with magnetic stir bar containing a suspension of 10%
palladium on carbon (100 mg/mmol) in absolute ethanol under nitrogen was added a solution of
B-keto-y-butyrolactones 9a-9d in ethyl acetate. The flask was either purged with hydrogen
(balloon) and vigorously stirred at room temperature under a hydrogen atmosphere for 1 h or
placed in Parr bomb, cycled with nitrogen (3 x 25 psi), hydrogen (3 x 50 psi), then held at 50 psi
hydrogen and stirred vigorously for 1h. The crude reaction mixture was filtered over a plug of
silica gel eluting with ethyl acetate and concentrated in vacuo. The alcohol was used without
further purification unless otherwise noted.

Ethyl (2S,3S,4R)-3-(benzo[d][1,3]dioxol-5-yl)-4-((R)-hydroxy(4-
methoxyphenyl)methyl)-5-oxotetrahydrofuran-2-carboxylate (8a):
The title compound was prepared according to General Procedure F:
Pd/C (153 mg), ethanol (6.0 mL), B-keto-y-butyrolactone 9a (629 mg,
1.53 mmol), ethyl acetate (6.0 mL), hydrogen (balloon). Filtration and
concentration provided 8a (620 mg, 1.50 mmol, 98%, 8:1 dr). The
diastereomer ratio was determined by *H NMR spectroscopic analysis of the crude reaction
mixture by comparison of the integration of resonances at 6 4.95 (major diastereomer) and &
4.97 (minor diastereomer). Analytical data for 8a: *H NMR (600 MHz, CDCls): & 7.15 (d, J = 8.7
Hz, 2H), 6.72 — 6.68 (m, 2H), 6.60 (d, J = 8.0 Hz, 1H), 6.44 (dd, J = 8.0, 1.9 Hz, 1H), 6.39 (d, J =
1.8 Hz, 1H), 5.88 (d, J = 0.9 Hz, 2H), 4.94 (d, J = 6.4 Hz, 1H), 4.83 (d, J = 8.8 Hz, 1H), 3.97 —
3.78 (m, 2H), 3.73 (s, 3H), 3.69 (dd, J = 11.1, 8.8 Hz, 1H), 3.44 (dd, J = 11.1, 6.5 Hz, 1H), 0.94
(t, J = 7.1 Hz, 3H); *C NMR (150 MHz, CDCls): & 176.7, 168.1, 159.5, 147.5, 147.0, 131.4,
127.8, 127.6, 121.4, 113.7, 113.6, 108.1, 108.0, 101.1, 78.9, 73.8, 61.6, 55.2, 49.6, 47.0, 13.7;
IR (thin film, cm™): 3503, 2903, 1781, 1613, 1513, 1446, 1038, 736; TLC (30% EtOAc/hexanes)
Rf: 0.16; HRMS (ESI): Calculated for [M+Na]+ CxH22NaOg: 437.1212, Found: 437.1211; [a]o®
+158.2 (c = 0.18, MeOH).

Ethyl (2S,3S,4R)-3-(benzo[d][1,3]dioxol-5-y)-4-((R)-(4-((tert-
butoxycarbonyl)oxy)-3-methoxyphenyl)(hydroxy)methyl)-5-

oxotetrahydrofuran-2-carboxylate (8b): The title compound was
prepared according to General Procedure F: Pd/C (9.5 mg), ethanol (0.5
mL), B-keto-y-butyrolactone 9b (50 mg, 0.095 mmol), ethyl acetate (0.5
mL), hydrogen (50 psi). Filtration and concentration provided 8b (50 mg,
0.094 mmol, 99%, >20:1 dr). The diastereomer ratio was determined by *H NMR spectroscopic
analysis of the crude reaction mixture. Analytical data for 8b: *"H NMR (600 MHz, CDCls): & 6.91
(d, J=8.1 Hz, 1H), 6.88 (d, J = 2.0 Hz, 1H), 6.76 (dd, J = 8.2, 1.9 Hz, 1H), 6.60 (d, J = 7.9 Hz,
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1H), 6.46 — 6.41 (m, 2H), 5.89 (s, 2H), 4.94 (d, J = 6.3 Hz, 1H), 4.83 (d, J = 8.9 Hz, 1H), 3.95 —
3.77 (m, 2H), 3.74 (s, 3H), 3.72 (d, J = 2.6 Hz, 1H), 3.71 — 3.65 (m, 1H), 3.46 (dd, J =115, 6.2
Hz, 1H), 1.51 (s, 9H), 0.92 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls): & 176.5, 168.1,
151.14, 151.06, 147.7, 147.2, 139.9, 138.2, 127.1, 122.0, 121.2, 118.8, 110.8, 108.1, 107.7,
101.2, 83.3, 78.8, 73.7, 61.6, 55.8, 49.0, 46.9, 27.5, 13.6; IR (thin film, cm™): 3503, 2982, 1761,
1507, 1146, 1037, 738; TLC (30% EtOAc/hexanes) R: : 0.14; HRMS (ESI): Calculated for
[M+Na]+ C27H30NaO11: 553.1686, Found: 553.1685; [a]p* +110.7 (c = 0.18, MeOH).

Ethyl (2S,3S,4R)-3-(benzo[d][1,3]dioxol-5-y1)-4-((R)-(4-
ethylphenyl)(hydroxy)methyl)-5-oxotetrahydrofuran-2-carboxylate
(8c): The title compound was prepared according to General Procedure F:
Pd/C (380 mg), ethanol (15 mL), B-keto-y-butyrolactone 9c (1.56 g, 3.80
mmol), ethyl acetate (15 mL), hydrogen (50 psi). Flash chromatography
provided 8c (1.15 g, 2.79 mmol, 73%, 3:1 dr). Analytical data for 8c: *H
NMR (Major Diastereomer, 600 MHz, CDCls): 6 7.13 (d, J = 7.9 Hz, 2H), 6.99 (d, J = 7.9 Hz,
2H), 6.57 (d, J = 8.0 Hz, 1H), 6.43 — 6.38 (m, 2H), 5.86 (s, 2H), 4.94 (d, J = 6.5 Hz, 1H), 4.82 (d,
J =8.9 Hz, 1H), 3.95 — 3.77 (m, 2H), 3.71 (dd, J = 11.1, 8.8 Hz, 1H), 3.65 — 3.63 (bs, 1H), 3.44
(dd, J =11.1, 6.5 Hz, 1H), 2.52 (q, J = 7.5 Hz, 3H), 1.12 (t, J = 7.6 Hz, 3H), 0.92 (t, J = 7.1 Hz,
3H); C NMR (Major Diastereomer, 150 MHz, CDCls): § 176.7, 168.1, 147.4, 146.9, 144.3,
136.4, 127.7, 126.5, 125.4, 121.3, 108.02, 107.99, 101.0, 78.8, 73.9, 61.5, 49.4, 46.9, 28.4,
15.6, 13.6; IR (thin film, cm™): 3504, 2965, 1781, 1506, 1491, 1446, 1039, 737; TLC (30%
EtOAc/hexanes) R; : 0.27; HRMS (ESI): Calculated for [M+Na]+ Cz3H.4NaO7: 435.1420, Found:
435.1416; [a]p®® +150.9 (c = 0.34, MeOH).

Ethyl (2S,3S,4R)-3-(benzo[d][1,3]dioxol-5-y)-4-((R)-(2-
fluorophenyl)(hydroxy)methyl)-5-oxotetrahydrofuran-2-carboxylate (8d):
The title compound was prepared according to General Procedure F: Pd/C
(138 mg), ethanol (15 mL), B-keto-y-butyrolactone 9d (1.38 g, 3.45 mmol),
ethyl acetate (15 mL), hydrogen (balloon). Filtration and concentration
provided 8d (1.38 g, 3.42 mmol, 99%, 7:1 dr). Analytical data for 8d: *H NMR
(600 MHz, CDCls): 6 7.47 (td, J = 7.5, 1.9 Hz, 1H), 7.09 — 7.03 (m, 1H), 7.01 (td, J = 7.5, 1.3 Hz,
1H), 6.70 (ddd, J = 10.7, 8.1, 1.3 Hz, 1H), 6.54 (d, J = 7.9 Hz, 1H), 6.43 — 6.38 (m, 2H), 5.85
(dd, J=8.1, 1.5 Hz, 2H), 5.21 (dd, J = 7.6, 2.5 Hz, 1H), 4.96 (d, J = 8.9 Hz, 1H), 4.10 (d, J = 2.8
Hz, 1H), 3.97 — 3.77 (m, 3H), 3.42 (dd, J = 12.1, 7.6 Hz, 1H), 0.92 (t, J = 7.1 Hz, 3H); 3C NMR
(150 MHz, CDCls): 6 177.0, 168.1, 159.3 (d, J = 244.9 Hz), 147.4, 147.0, 129.5 (d, J = 8.6 Hz),
127.9 (d, J = 3.8 Hz), 126.9 (d, J = 12.6 Hz), 126.3, 124.2 (d, J = 3.3 Hz), 121.2, 114.8 (d, J =
21.8 Hz), 108.0, 107.7, 101.1, 78.9, 67.3 (d, J = 2.9 Hz), 61.6, 48.0, 47.0, 13.6; IR (thin film, cm
1: 3503, 2902, 1790, 1743, 1506, 1490, 1454, 1038, 761; TLC (30% EtOAc/hexanes) R : 0.19;
HRMS (ESI): Calculated for [M+Na]+ C2:H20FO7: 403.1193, Found: 403.1193; [a]p® +42.1 (C =
0.15, MeOH).
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Preparation of a-Benzylidene-y-Butyrolactone 6a

O
Nafion® SAC-13 o =
toluene, 75 °C
EtO,C Q OMe
6a
O\/o

To a flame-dried 100 mL round-bottomed flask equipped with magnetic stir bar were added
alcohol 8a (1.80 g, 4.34 mmol) and dry toluene (43.4 mL). To the resulting solution was added
Nafion® SAC-13 (434 mg, 100 mg/mmol). The flask was sealed with a rubber septum, purged
with nitrogen, stirred, and heated to 75 °C. After 23 h the reaction was filtered (sintered glass
funnel, ethyl acetate rinse). Flash chromatography (25-30% ethyl acetate/hexanes) provided 6a
(1.20 g, 3.03 mmol, 70%, >20:1 E:Z). Analytical data for 6a: *"H NMR (600 MHz, CDCls): § 7.73
(d, J =2.1 Hz, 1H), 7.29 (d, J = 8.9 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 6.70 (d, J = 1.2 Hz, 2H),
6.66 (d, J = 1.2 Hz, 1H), 5.90 (dd, J = 13.9, 1.5 Hz, 2H), 5.16 (d, J = 8.1 Hz, 1H), 4.77 (dd, J =
8.1, 2.2 Hz, 1H), 3.95 — 3.79 (m, 2H), 3.78 (s, 3H), 1.03 (t, J = 7.2 Hz, 3H); *3C NMR (150 MHz,
CDCls): 6 171.4, 167.1, 161.3, 147.9, 147.4, 139.7, 132.8, 129.5, 125.9, 122.5, 122.3, 114.2,
108.8, 108.3, 101.2, 78.6, 61.4, 55.3, 47.0, 13.8; IR (thin film, cm™): 1757, 1645, 1602, 1558,
1166, 1037; m.p. 109-110 °C; TLC (30% EtOAc/hexanes) R : 0.18; HRMS (ESI): Calculated
for [M+H]+ C2H2107: 397.1287, Found: 397.1284; [a]p* +389.5 (c = 0.20, MeOH).

General Procedure G for Preparation of a-Benzylidene-y-Butyrolactones 6b-6d

©
-N

@9
Nfﬁ OMe

Ets
o)

toluene, 80 °C

To a flame-dried scintillation vial equipped with magnetic stir bar were added alcohol 8b-d (275
mg, 1.0 equiv) and toluene. To the resulting solution was added methyl N-
(triethylammoniumsulfonyl)carbamate (2.0 equiv). The resulting mixture was heated to 80 °C
under nitrogen. After 1.5 h the reaction was concentrated and purified by flash chromatography
using the indicated solvent systems.

Ethyl (2S,3R)-3-(benzo[d][1,3]dioxol-5-y)-4-((E)-4-((tert-

ome butoxycarbonyl)oxy)-3-methoxybenzylidene)-5-oxotetrahydrofuran-
2-carboxylate (6b): The title compound was prepared according to

EtO,C Q General Procedure G: alcohol 8b (275 mg, 0.518 mmol, 1.0 equiv),
6b toluene (5.2 mL), methyl N-(triethylammoniumsulfonyl)carbamate
o.° (Burgess reagent, 247 mg, 1.04 mmol, 2.0 equiv). Flash chromatography

(20% acetone/petroleum ether) provided 6b (163 mg, 0.318 mmol, 61%, >20:1 E:Z) as a white
foam. Analytical data for 6b: *H NMR (600 MHz, CDCls): § 7.74 (d, J = 2.2 Hz, 1H), 7.06 (d, J =

(0]
O =

OBoc
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8.2 Hz, 1H), 6.97 (dd, J = 8.3, 2.0 Hz, 1H), 6.85 (d, J = 2.0 Hz, 1H), 6.73 — 6.67 (m, 2H), 6.64 (d,
J=1.6 Hz, 1H), 5.91 (dd, J = 6.6, 1.4 Hz, 2H), 5.16 (d, J = 8.0 Hz, 1H), 4.77 (dd, J = 8.0, 2.2
Hz, 1H), 3.87 (ddq, J = 59.4, 10.8, 7.1 Hz, 2H), 3.63 (s, 3H), 1.52 (s, 9H), 1.03 (t, J = 7.1 Hz,
3H); C NMR (150 MHz, CDCl3): § 170.9, 166.9, 151.2, 150.9, 148.1, 147.6, 141.7, 139.4,
131.9, 129.4, 125.4, 124.5, 122.8, 122.2, 113.9, 108.7, 108.3, 101.3, 83.9, 78.7, 61.5, 55.9,
47.0, 275, 13.8; IR (thin film, cm™): 1761, 1507, 1256, 1146, 1036, 737; TLC (30%
EtOAc/hexanes) Rs : 018; HRMS (ESI): Calculated for [M+H]+ Cu7H29010: 513.1761, Found:
513.1759; [a]p?® +133.3 (¢ = 0.14, MeOH).

0 Ethyl (2S,3R)-3-(benzo[d][1,3]dioxol-5-yl)-4-((E)-4-ethylbenzylidene)-5-
o NF oxotetrahydrofuran-2-carboxylate (6¢): The title compound was
O £t prepared according to General Procedure G: alcohol 8c (200 mg, 0.485
F10.L Q mmol, 1.0 equiv), toluene (4.9 mL), methyl N-
o (triethylammoniumsulfonyl)carbamate (Burgess reagent, 231 mg, 0.97
mmol, 2.00 equiv). Flash chromatography (15% acetone/petroleum ether)
provided 6¢ (80 mg, 0.203 mmol, 42%, >20:1 E:Z) as a white foam. Analytical data for 6¢c: *H
NMR (600 MHz, CDCls): 8 7.76 (d, J = 2.1 Hz, 1H), 7.27 (d, J = 8.2 Hz, 2H), 7.12 (d, J = 8.0 Hz,
2H), 6.71 (d, J = 1.3 Hz, 2H), 6.66 (t, J = 1.1 Hz, 1H), 5.90 (dd, J = 16.4, 1.4 Hz, 2H), 5.16 (d, J
= 8.0 Hz, 1H), 4.78 (dd, J = 8.0, 2.2 Hz, 1H), 3.88 (ddq, J = 55.3, 10.7, 7.2 Hz, 2H), 2.61 (q, J =
7.6 Hz, 2H), 1.19 (t, J = 7.6 Hz, 3H), 1.04 (t, J = 7.1 Hz, 3H); *C NMR (150 MHz, CDCls): §
171.2, 167.0, 147.9, 147.3, 147.3, 140.0, 131.0, 130.6, 129.6, 128.3, 124.5, 122.3, 108.8, 108.3,
101.2, 78.7, 61.4, 47.1, 28.7, 15.1, 13.8; IR (thin film, cm™): 2968, 2932, 1760, 1645, 1488,
1171, 1038, 736; m.p. 106-107 °C; TLC (30% EtOAc/hexanes) R: : 0.26; HRMS (ESI):
Calculated for [M+H]+ C23H2306: 395.1495, Found: 395.1492; [a]p® +333.7 (¢ = 0.17, MeOH).

O\/O

o  Ethyl (2S,3R)-3-(benzo[d][1,3]dioxol-5-yl)-4-((E)-2-fluorobenzylidene)-5-

o A oxotetrahydrofuran-2-carboxylate (6d): The title compound was prepared
O according to General Procedure G: alcohol 8d (402 mg, 1.00 mmol, 1.00

Et0;C Q equiv), toluene (10 mL), methyl N-(triethylammoniumsulfonyl)carbamate
&d (Burgess reagent, 477 mg, 2.00 mmol, 2.00 equiv). Flash chromatography

0 ° (20% acetone/petroleum ether) provided 6d (213 mg, 0.554 mmol, 55%,

>20:1 E:Z) as a white foam. Analytical data for 6d: *H NMR (600 MHz, CDCl3): § 7.98 (d, J = 2.5
Hz, 1H), 7.29 — 7.24 (m, 1H), 7.16 (td, J = 7.6, 1.7 Hz, 1H), 7.03 — 6.94 (m, 2H), 6.67 — 6.55 (m,
3H), 5.88 (dd, J = 17.4, 1.4 Hz, 2H), 5.18 (d, J = 8.4 Hz, 1H), 4.77 (dd, J = 8.4, 2.6 Hz, 1H), 3.85
(ddqg, J = 58.5, 10.8, 7.2 Hz, 2H), 1.00 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls): & 170.4,
167.1, 161.0 (d, J = 254.1 Hz), 147.8, 147.3, 132.0 (d, J = 8.7 Hz), 131.9 (d, J = 5.1 Hz), 130.2
(d, J=2.0 Hz), 128.7, 128.0, 123.9 (d, J = 3.7 Hz), 122.3, 121.5 (d, J = 12.1 Hz), 115.8, 115.7,
108.8, 108.2, 101.2, 78.6, 61.5, 47.3 (d, J = 2.5 Hz), 13.7; IR (thin film, cm™): 2984, 1764, 1653,
1488, 1445, 1238, 1198, 1175, 1038, 760; m.p. 113-115 °C; TLC (30% EtOAc/hexanes) Rs :
0.22; HRMS (ESI): Calculated for [M+H]+ C2:H1sFOs: 385.1087, Found: 385.1083; [a]p® +151.5
(c =0.20, MeOH).
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Epimerization/Hydrolysis of a-Benzylidene-y-Butyrolactone 16a

o) o)
o NF NaO'Bu o NF
t §
EtO,C O OMe AmyIOH, rt HO,C O OMe
6a 16a
O\/o O\/o

To a flame-dried 25 mL round-bottomed flask were added a-benzylidene-y-butyrolactone 6a
(250 mg, 0.631 mmol, 1.0 equiv) and tert-amyl alcohol (12.5 mL). To the resulting semi-solution
under nitrogen was added sodium tert-butoxide (121 mg, 1.26 mmol, 2.0 equiv). The cream-
colored suspension was stirred vigorously at room temperature. After 6 h, the reaction was
cooled to 0 °C and quenched with 1M HCI (10 mL). The reaction was extracted with ethyl
acetate (2 x 15 mL). The combined organic extracts were washed with brine, dried (Na;SO.),
and concentrated in vacuo. The crude product was purified by flash chromatography (96.5:3:0.5
dichloromethane:methanol:acetic acid). The residue obtained was taken up in ethyl acetate (20
mL) and washed with water (3 x 10 mL), brine (10 mL), dried (Na-SO,4) and concentrated in
vacuo to give acid 16a (172 mg, 0.467 mmol, 74%, 14:1 dr) as a cream colored foam. Analytical
data for 16a: *H NMR (600 MHz, acetone-de): & 7.70 (d, J = 2.0 Hz, 1H), 7.50 (d, J = 8.9 Hz,
2H), 6.94 — 6.80 (m, 5H), 6.00 (dd, J = 12.5, 1.1 Hz, 2H), 4.88 (d, J = 2.3 Hz, 1H), 4.81 (t, J =
2.3 Hz, 1H), 3.81 (s, 3H); **C NMR (150 MHz, acetone-de): & 171.0, 170.3, 161.6, 148.6, 147.3,
139.0, 133.9, 132.9, 126.0, 122.1, 120.3, 114.3, 108.6, 107.3, 101.5, 80.8, 54.9, 47.9; IR (thin
film, cm?): 2905, 1759, 1645, 1601, 1514, 1168, 1038, 736; TLC (94.5:5:.0.1
CH,Cl;:MeOH:AcOH) Rt : 0.36; HRMS (ESI): Calculated for [M+H]+ C2H1707: 369.0974, Found:
369.0970; [a]p® +275.2 (c = 0.10, MeOH). *H NMR (600 MHz, CDCls): § 7.80 (d, J = 2.0 Hz,
1H), 7.30 (d, J = 8.6 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 6.79 — 6.74 (m, 3H), 5.96 (dd, J = 12.8,
1.4 Hz, 2H), 4.85 (d, J = 2.3 Hz, 1H), 4.60 (d, J = 2.2 Hz, 1H), 3.78 (s, 3H). *C NMR (150 MHz,
CDClz): 6 173.9, 171.6, 161.6, 148.7, 147.5, 141.1, 133.0, 132.8, 125.8, 120.2, 120.0, 114.4,
109.0, 107.2, 101.4, 80.7, 55.4, 48.1. Data reported by Brown, et al.:> *H NMR (400 MHz,
CDClg): 6 7.80 (d, J = 1.5 Hz, 1H), 7.30 (d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 6.77 (m,
3H), 5.97-5.95 (2d, J = 1.2 Hz, 2H), 4.84 (d, J = 2.1 Hz, 1H), 4.60 (s, 1H), 3.79 (s, 3H). **C NMR
not reported.

Preparation of Megacerotonic Acid la

O
O = BBr3
HOzc\: OMe CH,Cl,, 45 °C
16a O
o_°

To a flame-dried 10 mL round-bottomed flask equipped with magnetic stir bar were added acid
16a (25.0 mg, 0.068 mmol, 1.0 equiv) and dichloromethane (2.5 mL). To the resulting solution
under nitrogen at 0 °C was added dropwise boron tribromide (105 uL, 272 mg, 1.09 mmol, 16
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equiv). After 15 min the reaction was fitted with a reflux condenser and heated to 45 °C under
nitrogen. After 6 h the reaction was cooled to room temperature, quenched through the
condenser with dropwise addition of 0.1M NaOH (8 mL), and stirred vigorously for 20 min. The
resulting mixture was extracted with ethyl acetate (2 x 10 mL). The combined organic extracts
were washed with brine, dried (Na.SO4) and concentrated in vacuo. A portion of the crude
product (5/6) was purified by semi-preparative HPLC (A: 10 mM NH4OAc in water, B: 90:10
acetonitrile:10 mM NH4OAc in water; A:B 90:10 to 50:50 over 41 min). The fractions collected
were concentrated on rotatory evaporator to remove acetonitrile and extracted with ethyl acetate
(10 mL). The aqueous layer was brought to pH = 0 with concentrated sulfuric acid and extracted
with ethyl acetate (2 x 10 mL). The combined organic extracts (excluding the first) were washed
with brine, dried (Na>.SO4) and concentrated to yield megacerotonic acid la (6.6 mg, 0.019
mmol, 34%) as colorless, amorphous solid. Analytical data for 1a: *H NMR (600 MHz, D,0O,
referenced to TMS): & 7.72 (s, 1H), 7.33 (d, J = 8.5 Hz, 2H), 6.88 (s, 1H), 6.82 (d, J = 8.2 Hz,
1H), 6.77 (d, J = 8.7 Hz, 2H), 6.73 (d, J = 8.2 Hz, 1H) 4.79 (overlapped with H.O, 1H), 4.65 (s,
1H); *H NMR (600 MHz, MeOD): § 7.67 (d, J = 2.0 Hz, 1H), 7.29 (d, J = 8.8 Hz, 2H), 6.74 (d, J =
8.1 Hz, 1H), 6.73 (d, J = 2.2 Hz, 1H), 6f.70 (d, J = 8.7 Hz, 2H), 6.63 (dd, J = 8.2, 2.2 Hz, 1H),
4.78 (d, J = 2.2 Hz, 1H), 4.51, (s, 1H); **C NMR (150 MHz, D20, referenced to TMS): § 176.4,
176.1, 159.1, 145.4, 144 .4, 141.9, 134.3, 133.2, 126.2, 122.7, 120.3, 117.5, 116.6, 115.9, 84.5,
49.0; IR (thin film, cm™): 3420, 2360, 2341, 1733, 1717, 1636, 1603, 1517, 1254, 1191, 1171,
1058, 834; HRMS (ESI): Calculated for [M+Na]+ CigHi1sNaO7: 365.0637, Found: 365.0638;
[a]p®® +171.9 (c = 0.14, 5% AcOH/H,0).
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Comparison of Physicochemical Properties for Megacerotonic Acid

Data Data Reported in . Data Reported for Papin
Type Isolation Paper Our Synthetic Sample Synthetic Sample
H NMR (300 MHz, D20) IH NMR (600 MHz, D20, TMS) | *H NMR (400 MHz, D20)
452 (1H, dd, J= 1.6, 3.0 Hz) | 4.65 (s, 1H) 4.63 (ddt, J = 2.5 Hz, 1H)
4.74 (1H, d, J= 3.0 Hz) Overlapped with H20 4.83 (d, J=3.1 Hz, 1H)
IH NMR 6.53 (1H, dd, J=2.0,6.2 Hz) | 6.73 (d, J=8.2 Hz, 1H) 6.66 (dd, J =8.3, 2.2 Hz, 1H)
(D20) 6.62 (2H, d, J= 6.6 Hz) 6.77 (d, J = 8.7 Hz, 2H) 6.72 (d, J =8.8 Hz, 2H)
6.70 (1H, d, J= 6.2 Hz) 6.82 (d, J=8.2 Hz, 1H) 6.80 (d, J=8.3 Hz, 1H)
6.82 (1H, d, J= 2.0 Hz) 6.88 (s, 1H) 6.87 (d, J=2.2 Hz, 1H)
7.14 (2H, d. J= 6.6 Hz) 7.33 (d, J =8.5 Hz, 2H) 7.24 (d, J =8.8 Hz, 2H)
7.58 (1H, d, J= 1.6 Hz) 7.72 (s, 1H) 7.66 (d, J = 2.0 Hz, 1H)
Not reported 4.51 (s, 1H) Not reported
4,78 (d, J= 2.2 Hz, 1H)
6.63 (dd, J =8.2, 2.2 Hz, 1H)
IHNMR 6.70 (d, J = 8.7 Hz, 2H)
(MeOD) 6.73 (d, J=2.2 Hz, 1H)
6.74 (d, J=8.1 Hz, 1H)
7.29 (d, J = 8.8 Hz, 2H)
7.67 (d, J=2.0 Hz, 1H).
13C NMR (100 MHz,
BC NMR (75.5MHz, D20) 13C NMR (150 MHz, D20) acetone-ds)
BC 177.6, 177.5, 161.0, 147.3, 176.4, 176.1, 159.1, 145.4, 172.4, 171.5, 160.6, 146.6,
NMR 146.3, 144.0, 136.2, 134.8, 144.4,141.9, 134.3, 133.2, 145.7, 139.9, 134.1, 132.7,
127.8, 123.9, 122.0, 119.3, 126.2, 122.7, 120.3, 117.5, 126.2, 122.5, 119.3, 116.8,
118.4,117.8, 85.8, 50.6 116.6, 115.9, 84.5, 49.0. 116.7, 114.7, 82.0, 48.8
Rotation | +233.0 (c 1.66) +171.9 (c 0.14) NA
(5%
AcOH)
1735 3420, 2360, 2341, 1733, 1717, | 1735
IR 1636, 1603, 1517, 1254, 1191,
1058, 834
MS 343 (M+H) 360.1083 (M+Na = 360.1086) | Not reported

The spectral properties of synthetic megacerotonic acid vary significantly from both those
reported by Takeda in its isolation as well as that reported by Brown, et al. in their racemic total
synthesis. We were unable to obtain either a natural sample or synthetic sample. We postulate
based on our experience with shimobashiric acid A (vide infra) that the differences in NMR shifts
observed are a result of concentration differences. A concentration vs. chemical shift study

(below) appears to support this hypothesis.

Finally, we note that our *H NMR data for 16a

matches that of the pentultimate intermediate in the published racemic synthesis (vide supra).

'H NMR shifts of our synthetic sample as a function of concentration (600 MHz, D,0O)

Concentration | Resonance (3)
11.6 mg/mL 4.56,4.73, 6.68, 6.73, 6.78, 6.86, 7.30, 7.67
5.8 mg/mL 459, ,4.74,6.72,6.77,6.81,6.87, 7.34, 7.70
2.9 mg/mL 4.60,4.75,6.74,6.78, 6.82, 6.87, 7.36, 7.72
1.5 mg/mL 4.60, 4.75, 6.75, 6.80, 6.83,6.87, 7.37, 7.73
0.7 mg/mL 4.61,4.75,6.77, 6.80, 6.83, 6.87, 7.38, 7.73
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Hydrolysis of Tert-Butoxycarbonyl a-Benzylidene-y-Butyrolactone S2

O (0]
o N F O OMe p-TsOHeH,O o A O OMe
Et0,C OBoc toluene, 75 °C Et0,C OH
6b D S2 D

(0] (0]

o\/ O\/

To a scintillation vial were added a-benzylidene-y-butyrolactone 6b (50 mg, 0.098 mmol, 1.0
equiv) and toluene (2.0 mL). To the resulting solution was added p-toluenesulfonic acid
monohydrate (37.1 mg, 0.195 mmol, 2.0 equiv). The resulting mixture was heated to 75 °C.
After 4 h the reaction was cooled to room temperature, diluted with 1M HCI (10 mL), and
extracted with ethyl acetate (2 x 10 mL). The combined organic extracts were washed with
brine, dried (Na>SO.) and concentrated in vacuo. The crude product was purified by flash
chromatography (30-40% ethyl acetate/hexanes) to give a-benzylidene-y-butyrolactone S2 (36
mg, 0.087 mmol, 89%) as a pale yellow, viscous oil. Analytical data for S2: *H NMR (600 MHz,
CDClg): § 7.71 (d, J = 2.2 Hz, 1H), 6.95 (dd, J = 8.3, 2.0 Hz, 1H), 6.83 (d, J = 8.2 Hz, 1H), 6.77
(d, J =2.0 Hz, 1H), 6.73 — 6.69 (m, 2H), 6.67 (d, J = 1.6 Hz, 1H), 5.98 (s, 1H), 5.90 (dd, J = 6.9,
1.4 Hz, 2H), 5.17 (d, J = 8.2 Hz, 1H), 4.79 (dd, J = 8.3, 2.2 Hz, 1H), 3.95 — 3.76 (m, 2H), 3.67 (s,
3H), 1.03 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls): & 171.4, 167.2, 148.1, 148.0, 147.4,
146.5, 140.4, 129.6, 126.7, 125.7, 122.3, 121.9, 114.7, 112.3, 108.8, 108.3, 101.3, 78.6, 61.4,
55.9, 47.0, 13.7; IR (thin film, cm™): 3420, 2917, 1750, 1636, 1517, 1164, 736; TLC (50%
EtOAc/hexanes) R: : 0.18; HRMS (ESI): Calculated for [M+H]+ C2H210s: 413.1236, Found:
413.1233; [a]p®® +426.0 (c = 0.11, MeOH).

Epimerization/Hydrolysis of a-Benzylidene-y-Butyrolactone 16b

o] o)
o’ NF O OMe NaO'Amyl o NF O OMe
t o S
EtO,C Q OH AmylOH, 40 °C HO,C Q OH
s2 16b
o\/o O\/O

To a flame-dried 10 mL round-bottomed flask were added a-benzylidene-y-butyrolactone S1 (20
mg, 0.048 mmol, 1.0 equiv) and tert-amyl alcohol (2.5 mL). To the resulting solution, after
heating to 40 °C, a solution of sodium tert-amylate in tert-amyl alcohol (0.87 mL, 0.145 mmol,
3.0 equiv) was added dropwise. After 6.5 h, the reaction was cooled to 0 °C and quenched with
1M HCI (3 mL). The reaction was extracted with ethyl acetate (2 x 5 mL). The combined organic
extracts were washed with brine, dried (Na,S0O.), and concentrated in vacuo. The crude product
was purified by flash chromatography (98:2:0.3 dichloromethane:methanol:acetic acid). The
residue obtained was taken up in ethyl acetate (10 mL) and washed with water (5 x 8 mL), brine
(5 mL), dried (Na2S0O4) and concentrated in vacuo to give acid 16b (13.7 mg, 0.036 mmol, 73%,
14:1 dr) as a clear oil. Analytical data for 16b: *H NMR (600 MHz, Acetone-ds) 8 7.67 (d, J = 1.5
Hz, 1H), 7.09 (dd, J = 8.3, 2.1 Hz, 1H), 7.02 (d, J = 2.0 Hz, 1H), 6.92 — 6.85 (m, 3H), 6.82 (d, J =
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8.2 Hz, 1H), 6.00 (dd, J = 7.3, 1.1 Hz, 2H), 4.82 (s, 2H), 3.66 (s, 3H).*C NMR (150 MHz,
CDCl): § 172.1, 171.5, 150.0, 149.5, 148.3, 148.2, 140.5, 135.2, 127.2, 126.4, 122.2, 121.3,
116.1, 114.2, 109.6, 108.1, 102.4, 81.8, 56.2, 48.8; IR (thin film, cm™): 3502, 2917, 2360, 1749,
1716, 1636, 1518, 1254, 1163, 1036, 817; TLC (94.5:5:0.1 CH.Cl:MeOH:AcOH) R; : 0.27;
HRMS (ESI): Calculated for [M+H]+ CzoH170s: 385.0923, Found: 385.0919; [oo?® +222.6 (C =
0.17, MeOH).

Preparation of Shimobashiric Acid A 1b

(6]
o NF O OMe TfOH
HOQC\; OH toluene, rt

(0]

O\/

To a solution of acid 16b (9.6 mg, 0.025 mmol) in toluene (2.0 mL) at room temperature was
added trifluoromethanesulfonic acid (excess, ~20 drops). After 2 min, the reaction was diluted
with water (5 mL) and extracted with ethyl acetate (2 x 5 mL). The combined organic extracts
were washed with brine, dried (Na,SO4) and concentrated. A portion of the crude product (5/6)
was purified by semi-preparative HPLC (A: 10 mM NH4OAc in water, B: 90:10 acetonitrile:10
mM NH4OAc in water; A:B 90:10 to 50:50 over 41 min). The fractions collected were
concentrated on rotatory evaporator to remove acetonitrile and extracted with ethyl acetate (10
mL). The aqueous layer was brought to pH=0 with concentrated sulfuric acid and extracted with
ethyl acetate (2 x 10 mL). The combined organic extracts (excluding the first) were washed with
brine, dried (Na,S0O4) and concentrated to yield shimobashiric acid A 1b (4.5 mg, 0.012 mmol,
48%) as a colorless oil. Analytical data for 1b: *H NMR (600 MHz, MeOD): § 7.68 (d, J = 2.0 Hz,
1H), 6.98 (dd, J = 8.3, 2.0 Hz, 1H), 6.88 (d, J = 2.0 Hz, 1H), 6.77 — 6.75 (m, 2H), 6.75 (d, J = 6.6
Hz, 1H), 6.66 (dd, J = 8.2, 2.2 Hz, 1H), 4.78 (d, J = 2.3 Hz, 1H), 4.54 (d, J = 2.3 Hz, 1H), 3.55
(s, 3H); °C NMR (150 MHz, MeOD) & 174.4, 173.2, 150.7, 149.0, 147.3, 146.3, 141.8, 132.9,
128.0, 126.7, 122.0, 119.2, 117.1, 116.4, 114.9, 114.1, 83.1, 56.3, 49.7; IR (thin film, cm™):
3392, 2919, 2849, 1734, 1635, 1597, 1518, 1289, 1204, 1179, 1059, 820; HRMS (ESI):
Calculated for [M+Na]+ CisHisNaOg: 395.0743, Found: 395.0740; [a]p®® +295.6 (c = 0.20,
MeOH).
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Comparison of Physicochemical Properties for Shimobashiric Acid A

TD;;ae Dlzz)allalfi?)%olgaeslelrn Our Synthetic Sample Obtained Natural Sample
H NMR (400 MHz, MeOD) 1H NMR (600 MHz, MeOD) 'H NMR (600 MHz, MeOD)
3.56 (s, 3H) 3.55 (s, 3H) 3.55 (s, 3H)
4.55 (bs, 1H) 4.54 (d, J=2.3 Hz, 1H) 4.52 (s, 1H)
4.78 (overlapped, 1H) 4.78 (d, J = 2.3 Hz, 1H) 4.59 (d, J = 2.2 Hz, 1H)
IHNMR 6.67 (dd, J =8.0, 2.0 Hz, 1H) | 6.66 (dd, J = 8.2, 2.2 Hz, 1H) 6.68 (dd, J=8.1, 2.2 Hz, 1H)
(MeOD) 6.75 (d, J = 8.5 Hz, 1H) 6.75 (d, J = 6.6 Hz, 1H) 6.73 (s, 1H)
6.77 (d, J=2.0 Hz, 1H) 6.77 — 6.75 (m, 2H) 6.74 (s, 1H)
6.77 (d, J =8.0 Hz, 1H) 6.81 (d, J=2.2 Hz, 1H)
6.89 (d, J = 2.0 Hz, 1H) 6.88 (d, J = 2.0 Hz, 1H) 6.90 (d, J =2.0 Hz, 1H)
6.99 (dd, J =8.5, 2.0 Hz, 1H) | 6.98 (dd, J = 8.3, 2.0 Hz, 1H) 6.96 (dd, J =8.1, 2.0 Hz, 1H)
7.68 (d, J=2.0 Hz, 1H) 7.68 (d, J = 2.0 Hz, 1H) 7.61 (d, J =2.1 Hz, 1H)
3C NMR (100 MHz, MeOD) | **C NMR (150 MHz, MeOD) NA
174.5, 173.7, 150.7, 149.1, 174.4, 173.2, 150.7, 149.0,
BC 147.4, 146.3, 141.7, 133.7, 147.3, 146.3, 141.8, 132.9,
NMR 128.0, 126.9, 122.5, 119.4, 128.0, 126.7, 122.0, 119.2,
(MeOD) | 117.2, 116.4, 115.1, 114.3, 117.1, 116.4, 114.9, 114.1,
83.6, 56.4,49.5 83.1, 56.3, 49.7
Rotation | +205.0 (c 0.16) +295.6 (c 0.20) NA
(MeOH)
Not Reported 3392, 2919, 2849, 1734, 1635, | NA
IR 1597, 1518, 1289, 1204, 1179,
1059, 820
MS 373.0928 373.0921 (M+H = 373.0923) NA

The data reported by Murata and coworkers for natural shimobashiric acid A agrees well with
data obtained with our synthetic sample. We obtained a natural sample of shimobashiric acid A
(~0.16 mg) from Murata and the *H NMR spectrum of this sample varied significantly for several
resonances relative to those reported in its isolation (e.g. 4.58 ppm vs 4.78 ppm). Postulating
the presence of concentration dependent shifts, we analyzed an equal mixture of natural (0.08
mg) and synthetic shimobashiric acid A (0.08 mg) by *H NMR spectroscopy. This analysis
clearly showed coalescence of the resonances in question, indicating concentration dependent
changes in NMR resonances. This feature may be relevant in the analysis of megacerotonic
acid (vide supra).
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Preparation of y-Butyrolactone 4

O CO,Me 0 I “2 S\
EtO Ru catalyst (1 mol ¢ COyMe =
CO,Me u catalyst (1 mol %) O ! ) R(
le} HCO,H:Et3N (5:2, 5 equiv) “ l\ll Cl
DMF, 70 °C EtO,C

S3 4
oJO o) 0

Ru catalyst
(R,R-sulfonamide ligand)

To a flame-dried 250 mL round-bottomed flask equipped with magnetic stir bar were added
[RuCly(p-cymene)]. (65.6 mg, 0.107 mmol, 0.005 equiv), ligand L1 (259 mg, 0.428 mmol, 0.02
equiv), and anhydrous DMF (30 mL). The resulting solution was stirred under a N, atmosphere
at 70 °C. After 1 h, the reaction solution was cooled to room temperature and a solution of a-
keto-B-aryl ester S3 (7.85 g, 21.4 mmol, 1.0 equiv) in DMF (20 mL) was added. The reaction
solution was diluted with DMF (57 mL) and formic acid:triethylamine azeotrope (5:2, 9.3 mL, 107
mmol, 5.0 equiv) was added. The resulting solution was heated to 70 °C. After 20 h, the reaction
was cooled to room temperature and diluted with water (200 mL) and extracted with ethyl
acetate (250 mL, 50 mL). The combined organic extracts were washed with water (2 x 150 mL),
brine (75 mL), dried (Na.SO.) and concentrated to give crude y-butyrolactone 4 as a 19:1
mixture of diastereomers. The diastereomer ratio was determined by *H NMR spectroscopic
analysis of the crude reaction mixture by comparison of the integration of resonances at 6 5.11
(major diastereomer) and & 4.82 (minor diastereomer). HPLC Analysis: Chiralpak IB column,
15% Isopropanol/Hexanes, 1.0 mL/min, 210 nm; tmajor = 15.2 MiN tminor = 18.4 min, 90:10 er.

The crude product was eluted over a plug of silica gel with a mixture of ethyl acetate/hexanes
(30/70, 300 mL). The resulting oil was recrystallized from diethyl ether/hexanes to yield vy-
butyrolactone 4 (3.55 g, 10.6 mmol, 49% yield, >20:1 dr) as white crystalline solid. Analytical
data for 4: *H NMR (600 MHz, CDClz): § 6.76 (d, J = 7.8 Hz, 1H), 6.68-6.66 (m, 2H), 5.95 (s,
2H), 5.12 (d, J = 8.5 Hz, 1H), 4.41 (dd, J = 11.5, 8.5 Hz, 1H), 4.13 (d, J = 11.5 Hz, 1H), 4.00-
3.94 (m, 1H), 3.92-3.87 (m, 1H), 3.79 (s, 3H), 0.97 (t, J = 7.1 Hz, 3H); *C NMR (150 MHz,
CDClz): 6 170.3, 167.7, 167.2, 148.2, 147.8, 126.1, 120.9, 108.6, 107.8, 101.4, 78.9, 61.8, 53.3,
49.1, 47.6, 13.7; IR (thin film, cm™): 1793, 1741, 1507, 1143, 1038; m.p. 85-87 °C; TLC (30%
EtOAc/hexanes) R; : 0.26; HRMS (ESI): Calculated for [M+Na]+ Ci6H1sNaOs: 359.0743, Found:
359.0738; HPLC Analysis: Chiralpak IB column, 15% Isopropanol/Hexanes, 1.0 mL/min, 210
NM; tmajor = 15.2 MiN tminor = 18.4 min, 93:7 er; [a]p® +195.8 (c = 0.25, MeOH).
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Preparation of y-Butyrolactone 5

18-crown-6 (5 mol %)
K>CO3 (2.5 equiv)

CHzBrz

To a 1-dram vial were added y-butyrolactone 4, potassium carbonate (51.4 mg, 0.372 mmol, 2.5
equiv), 18-crown-6 (2.0 mg, 0.007 mmol, 0.05 equiv), and dibromomethane (0.5 mL). The
resulting slurry was stirred vigorously. After 4.5 days, the reaction was partitioned between ethyl
acetate (5 mL) and water (5 mL). The aqueous layer was separated and extracted with ethyl
acetate (5 mL). The combined organic extracts were washed with brine (5 mL), dried (Na>SOa)
and concentrated to give crude y-butyrolactone 5 as a single diastereomer. Flash
chromatography (25-30% ethyl acetate/hexanes) provided y-butyrolactone 5 (55.8 mg, 0.130
mmol, 87% yield) as white solid. Analytical data for 5: *H NMR (600 MHz, CDCls): § 6.71-6.69
(m, 1H), 6.64-6.63 (m, 2H), 5.93 (d, J = 1.3 Hz, 1H), 5.36 (d, J = 8.4 Hz, 1H), 4.14 (d, J = 8.4
Hz, 1H), 4.02-3.94 (m, 3H), 3.90 (d, J = 10.8 Hz, 1H), 3.43 (s, 3H), 0.97 (t, J = 7.1 Hz, 3H); *C
NMR (150 MHz, CDCls): 6 170.3, 166.3, 166.2, 147.8, 147.6, 127.3, 122.8, 109.2, 108.1, 101.4,
78.1,61.7, 61.6,52.9, 52.3, 33.1, 13.7; IR (thin film, cm™): 2983, 1799, 1742, 1490, 1447, 1038,
736; m.p. 130-132 °C; TLC (30% EtOAc/hexanes) R; : 0.21; HRMS (ESI): Calculated for
[M+Na]+ C17H17BrNaQs: 451.0004, Found: 451.0001; [a]o®® +110.3 (c = 0.20, MeOH).

Preparation of a-Methylidene-y-Butyrolactone 2

LiCl (2.0 equiv) (0]
DMSO, 130 °C

Et0,C

2 =0

O

To a 20 mL scintillation vial were added y-butyrolactone 5 (639.5 mg, 1.49 mmol, 1.0 equiv),
lithium chloride (126 mg, 2.98 mmol, 2.0 equiv), and anhydrous DMSO (10 mL). The reaction
vial was purged with N, and heated to 130 °C. After 5.5 h the reaction was cooled to room
temperature and partitioned between ethyl acetate (25 mL) and water (25 mL). The aqueous
layer was separated and extracted with ethyl acetate (15 mL). The combined organic extracts
were washed with water (10 mL), brine (10 mL), dried (Na;SO4) and concentrated. Flash
chromatography (20-30% ethyl acetate/hexanes) provided a-methylidene-y-butyrolactone 2
(245 mg, 0.844 mmol, 57% vyield) as a viscous very pale orange oil. Analytical data for 2: *H
NMR (600 MHz, CDCls): 6 6.77 (d, J = 8.0 Hz, 1H), 6.68 (dd, J = 8.0, 1.8 Hz, 1H), 6.64 (d, J =
1.8 Hz, 1H), 6.51 (d, J = 3.3 Hz, 1H), 5.95 (d, J = 1.8 Hz, 2H), 5.62 (d, J = 3.0 Hz, 1H), 5.13 (d,
J =9.3 Hz, 1H), 4.52, (dt, J = 9.3, 3.1 Hz, 1H), 3.94-3.89 (m, 1H), 3.84-3.79 (m, 1H), 0.97 (t, J =
7.2 Hz, 3H); **C NMR (150 MHz, CDCls): § 169.2, 167.7, 148.0, 147.6, 135.9, 128.6, 125.0,
122.7, 108.9, 108.4, 101.3, 78.4, 61.6, 48.3, 13.7; IR (thin film, cm™): 2985, 2904, 1780, 1746,
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1490, 1446, 1095, 1068, 1038, 736; TLC (30% EtOAc/hexanes) R: : 0.26: HRMS (ESI):
Calculated for [M+H]+ CisH1s06: 291.0869, Found: 291.0864 [o]o?® +256.2 (C = 0.13, MeOH).

Preparation of a-Benzylidene-y-Butyrolactone 6a Via Heck Coupling

| (0]
© . o) Pd(OAc), (15 mol %)
Et3N (3.0 equiv)
EtO,C ; o
OMe , o DMF, air, 70 °C
1.1 i
(1.1 equiv) o

To a flame-dried 1-dram vial equipped with magnetic stir bar were added a-methylene-y-
butyrolactone 2 (26 mg, 0.09 mmol, 1.0 equiv), 4-iodoanisole (23.4 mg, 0.10 mmol, 1.1 equiv),
palladium(ll) acetate (3.0 mg, 0.013 mmol, 15 mol %) and DMF (400 uL) under an atmosphere
of air. Triethylamine (38 pL, 0.27 mmol, 3.0 equiv) was added and the resulting mixture heated
to 70 °C. After 20 h, the reaction was cooled to rt and diluted with ethyl acetate (5 mL), washed
with water (2 x 5 mL), brine (5 mL), dried (Na>SO4) and concentrated. The crude product was
purified by flash chromatography to yield 6a (6.6 mg, 0.017 mmol, 19%) as a clear oil. Analytical
data for 6a matched that reported above.

Attempt 1 at Preparation of a-Benzylidene-y-Butyrolactone 6a Via Cross Metathesis

A 0

N [e) Grubbs Il (2.5 mol %)
CH,ClI,, 50 °C

OMe
(1.5 equiv)

N
O

O

To a flame-dried 1-dram vial sealed with Teflon puncture cap under N2 equipped with magnetic
stir bar containing Grubbs second generation catalyst (1.8 mg, 0.002 mmol, 2.5 mol %) was
added a solution of a-methylene-y-butyrolactone 2 (25 mg, 0.09 mmol, 1.0 equiv) and 4-
vinylanisole (17 ng, 0.13 mmol, 1.5 equiv) in dichloromethane (200 pL) at room temperature.
The resulting solution was heated to 50 °C. After 20 h the reaction was concentrated on rotary
evaporator. *H NMR of the crude product showed no conversion of a-methylene-y-butyrolactone
2 to desired product 6a.

Attempt 2 at Preparation of a-Benzylidene-y-Butyrolactone 6a Via Cross Metathesis

A o]
Grubbs Il (5 mol %)
. fe) Ph,PCI (10 mol %)
CH,Cl,, 50 °C
EtO,C
OMe o)
2
(1.5 equiv) J

To a flame-dried 1-dram vial sealed with Teflon puncture cap under N2 equipped with magnetic
stir bar containing Grubbs second generation catalyst (3.6 mg, 0.004 mmol, 5.0 mol %) and
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chlorodiphenylphosphine (1.2 uL, 0.10 mmol, 10 mol %) was added a solution of a-methylene-y-
butyrolactone 2 (25 mg, 0.09 mmol, 1.0 equiv) and 4-vinylanisole (17 pg, 0.13 mmol, 1.5 equiv)
in dichloromethane (200 pL) at room temperature. The resulting solution was heated to 50 °C.
After 20 h the reaction was concentrated on rotary evaporator. *H NMR of the crude product
showed no conversion of a-methylene-y-butyrolactone 2 to desired product 6a.

Preparation of y-Butyrolactone 7

LiCl (2.0 equiv) (0]

DMSO:H,0 (50:1)

140 °C EtO,C

(0]
! )

O

To a 100 mL round-bottomed flask were added y-butyrolactone 4 (1.00 g, 2.97 mmol, 1.0 equiv),
lithium chloride (252 mg, 5.95 mmol, 2.0 equiv), anhydrous DMSO (30 mL), and water (0.6 mL).
The reaction flask was purged with N, and heated to 140 °C. After 19 h, the reaction was cooled
to room temperature and partitioned between ethyl acetate (50 mL) and water (50 mL). The
aqueous layer was separated and extracted with ethyl acetate (25 mL). The combined organic
extracts were washed with water (2 x 20 mL), brine (15 mL), dried (Na>SO4) and concentrated.
Flash chromatography (30% ethyl acetate/hexanes) provided y-butyrolactone 7 (723 mg, 2.60
mmol, 87% yield) as a pale yellow solid. Analytical data for 7: *H NMR (600 MHz, CDCls): § 6.75
(d, J =7.9 Hz, 1H), 6.68-6.65 (m, 2H), 5.94 (s, 2H), 5.07 (d, J = 8.2 Hz, 1H), 4.03-3.98 (m, 2H),
3.98-3.92 (m, 1H), 3.90-3.85 (m, 1H), 2.98 (dd, J = 17.3, 10.1 Hz, 1H), 2.81 (dd, J = 17.3, 8.7
Hz, 1H), 0.97 (t, J = 7.1 Hz, 3H); **C NMR (150 MHz, CDCls): & 175.1, 167.9, 148.0, 147.4,
128.4, 120.8, 108.4, 107.8, 101.3, 80.1, 61.4, 43.8, 32.5, 13.7; IR (thin film, cm™): 2984, 2904,
1793, 1742, 1506, 1447, 1038, 818; m.p. 80-81 °C; TLC (30% EtOAc/hexanes) Rs: 0.21; HRMS
(ESI): Calculated for [M+H]+ C14H1506: 279.0869, Found: 279.0866; [a]p® +118.5 (c = 0.22,
MeOH).

Preparation of y-Butyrolactone 8a Via Aldol Reaction

9] O OH
o) 1) LDA (2 equiv), THF, -78 °C 1e) O

2) p-anisaldehyde (1 equiv)

EtO,C THF, -78 °C EtO,C O
(0] (0]
7 ) 8a )

O O

OMe

To a flame-dried 1 dram vial equipped with magnetic stir bar containing diisopropylamine (53
uL, 0.38 mmol, 2.1 equiv) at 0 °C was added a solution of n-butyl lithium in hexanes (0.21 mL,
2.0 equiv). After 15 min, tetrahydrofuran (0.4 mL) was added. The resulting solution was cooled
to -78 °C and a solution of y-butyrolactone 7 (50 mg, 0.180 mmol, 1.0 equiv) in tetrahydrofuran
(1.0 mL) was added dropwise. After 15 min, neat p-anisaldehyde (22 uL, 0.180 mmol, 1.0 equiv)
was added dropwise. After 10 min, the reaction was quenched with aqueous saturated
ammonium chloride (2 mL) and allowed to warm to room temperature. The resulting mixture
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was diluted with water (2 mL) and extracted with ethyl acetate (2 x 5 mL). The combined organic
extracts were washed with brine, dried (Na.SO4) and concentrated. Flash chromatography (20-
40% ethyl acetate/hexanes) provided 8a (33 mg, 0.079 mmol, 44%) as a 2:1 mixture of
diastereomers.

Preparation of a-Benzylidene-y-Butyrolactone 6a Via Elimination

O OH
le) p-TsOH (20 wt%)

Et0,C
w {79

O

OMe toluene, 160 °C OMe

To a solution of alcohol 8a (27 mg, 0.065 mmol, 1.0 equiv) in toluene (5 mL) was added p-
toluenesulfonic acid (5 mg, 20 wt%). The resulting mixture was heated to 160 °C under nitrogen.
After 1 h the reaction was cooled to room temperature and concentrated. Flash
chromatography (30% ethyl acetate/hexanes) provided 6a (13.4 mg, 0.034 mmol, 52%, >20:1
E:Z) as a clear oil. Analytical data for 6a matched that shown above.
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S: 150.9028173 MHz
c
1.00 Hz
o
1.40
T T T T T T 1
200 18C 16C 129 100 80 60 40 29 ppm
. 9 ' e @ 52495 Current Data Parameters
Smanmanonaa 1N 90 @ noane NRYE swks193crude
DS SS es SETCSCLCTLTOOMMO OO A A A EXPNO 1
F? - Acquisition Paremeters
Date_ 20140925
Time .
PROBED 5
PULPROG

A

S W N

™
SOLVENT
NS

2
12019.230 Hz
0.183399 Hz

262976 sec
22.
11.600 use
10.00 use
TE 298.0 X
b1 1.00000000 sec
DO 1

CHANNET, f1
SEOL 600.1337060
11

iz

3.00:

2,04,
N
>

1.01"

3.03

o -

2.08

1.00

S41

9.56

_

2

3.23

ppm



8 e 808 © © - Current Data Parameters
N @ oo aos o o o NAME swk5193crude
@ o S A s 9 ! f ! EXPYN 2
a2 a4 30 @ & 4 PROCNO 1
] N | -
Date_ 20140925
Tine 19.33
INSTRUM spe
PROBHD 5 mm CPQCI 1i/
PULPROG 2gpg30
cpc13
512
1
35057.691 Iz
0.550187 1z
0.9087659 sec
203
13.867 usec
18.00 usec
T 298.0 K
o1 2.00000000 sec
0.03000000 sec
1
—— CHANNEL 11 —
1509178981 MRz
13¢
11.35 usce
230.00000000 W
—— CHANNEL £2 —-
600.1324005 MHz
ik
waltzls
90.00 uscc
13.00000000 @
PLW12 017182000 W
PLW13 013925998 W
¥2 - Processing pazameters
768
150.9028177 MHz
EM
o
1.00 He
o
‘ 1.10
. |“ ‘
T T T T T T T T T T 1
200 180 160 240 129 100 80 60 40 29 ppm
PN C g8 e IS a8 RsTRY SEENSEE Aa s o Current Data Parameters
PR R P R e R SRR RBE ARmAA NAVE (5107col
R 88888 e ammnnng g ne w EE MmN N N EXPNO
ANSS: 7 . e N Froce '
F> - Acquisition Paremeters
Date_ 20140709
Time
TNSTRUM
PROBED 5
PULPROG

™
SOLVENT
NS

2
12019.230 Hz
0.183399 Hz

262976 sec
12.
11.600 use
10.00 use
TE 298.2 X
b1 1.00000000 sec
DO 1

CHANNET, f1
1337060 Mdz
11

e

~

AN SN TN /5 A I

Dl A - o @l e @l
et e Oy et et bt © bt Ldla
o o =1 oF R ad ™ - kAl o NI

542



L8 noSe e @ @ oo Current Data Parameters
E I E¥ R 2 3 23 NAME swk3107co0l
i et A K E s
< S @ G o 3 j e 3
a2 S05823% 22 2 & 8 ae 1
] Y Vi | [
20140710
INSTRUM pect.
PROBHD 5 mm CPQCI 1H/
PULPROG 29pg30
CDC13
512
1
36057.691 Nz
0.550197 Hz
0.9087659 sec
203
13.867 usec
18.00 vsec
268.1 K
2.00000000 sec
0.03000000 sec
1
—— CHRNNEL (1 —
150.9178981 MH7
13¢
11.35 uscc
230.00000000 @
—— CIANNEL £2 ——
600.1324005 M
1H
wa 15
90.00 usec
13.00000000 @
PLW12 £.23498000 W
PLW13 0.15033000
¥F2 - Processing parameters
S8I 768
s 150.9028195 Mz
per
c
1.00 Hz
o
1.40
.
T T T T T T T T T T 1
200 180 160 240 129 100 80 60 40 29 ppm
wagoeniarey Qs Current Data Parameters
00 0 S NAME swk5149crude
= EXPNO 1
PROCNO 1

F? - hequisition Parameters
Date_ 20140709
21.3

PROBED 5
PULPROG

™
SOLVENT
NS

0
12019.230 Hz
0.183399 Hz
262976 sec

8

298.
b1 1.00000000 sec
1

CHANNET, f1
1337060 Mdz
11

o -
o
S
w
N
-

ppm

1,90

S43



g nE23 SIARTH Current Data Parameters
o aaos LR NAME swk5149crude
34 R i s ha g a2E2 PROCXO
V NS\ 2 neaisision zosan
Date_ 20140709
Time 23.46
INSTRUM pect
PROBHD 5 mm CPQCI 1H/
PULPROG 2gpg30
CDC13
512
1
36057.691 Nz
0.550197 Hz
0.2087659 sec
203
13.867 usec
18.00 usec
298.2 K

0.0300000C sec
1

—= CHANNEL [1 ——
150.9178981 MAz
13¢

11.35 u
230.00000000 @

—— CIANNEL £2 ——
600.1324005 MHz
1H

NUC2,
CPDPRG (2 waltzls
PCPD2 90.00 uscc
PTn 13.00000000 @
PLW1Z 0.23498000 W
PLW13 0.19033000
¥2 - Processing parameters
768

150.9028129 MHz
Y

1.00 Hz

1.10

| I ‘ |H ’ J

T T T
200 180 160 240 129 100 80 60 40 29 ppm

8% grgspege @ SS2EREHBENBEenEETRIaTy Current Data Parameters
=50 SERERRGn & ARATeaRRE SIS AnATa g S NAE sissfolazg
CRERCRERERCe LR 00 M MY M M 0NN EXPNO 1

5
——5.743
1

F? - hequisition Parameters
‘ Date_ 20140708

-
=<5

PROBED 5
PULPROG

™
SOLVENT
NS

0
12019.230 Hz
0.183399 Hz
262976 sec

9

oM
OH ° ‘

EtO 11.600 use
10.00 use
TE 298.1 X
b1 1.00000000 sec
[¢] (@] O 1

CHANNET, f1
1337060 Mdz
11

Crude 14a KoL

4 AN AL /\\1 \
b2 Pl QN [l M 0| O e
< o e @ W@ N g
- I v iy O ODIDINIDIOD

S44



Current Data Parameters

NAME k5155c01
EXPNO 1
PROCNO 1

F> - Acquisition P,

Date_ 20140709
n 22.19
TNSTRUM spect
PROBED 5 mm CPQCT 14/
PULPROG 2930
65536
SOTVENT cnel3
OMe NS

OH 2
12019.230 Hz
0.183399 Hz

EtO.

262976 sec
14.2
o o} 11.600 use
10.00 use
TE 298.1 X
14a b1 1.00000000 sec
DO 1

CHANNET, f1
600.1337060 Mdz
11

NUCL
Pl 12.10 use
BLwl 13.00000000 W

6553
600.1300139 Hdz
=M

0.30 Hz

1.00

© ]
o -]
~
o
o
e

<

>

S
n
o
)
°
3

1.02

1.05

0.98
0

~
%
2

2.04
1.00
2.04

1.96

130
550
131

625
988
867

NAME swk5155c0

.802
437

72,831

tion Paramet

20140710

_—108.948

10

——100.8

81

——13.38

——40.189
14.201

_—132.705
130.349
0

—173.
1

147
146

PROBID 5
PULPROG

OH OMe

EtO.

2.00000000 sec
0.03000000 sec
1

14a

—= CHANNEL [1 ——
150.9178981 MAz

13¢
1.3

1
230.00000

0w

—— CIANNEL £2 ——
600.1324005 MHz
1H

16
.00 uscc
13.00000000 @
0.23498000 W
0.19033000 W

wa

¥2 - Processing parameters

150.9028162 MHz

1.00 Hz

re 1.10

T T T
200 180 160 240 129 100 80 60 40 29 ppm

S45



PP RO R R R S e b e e Rt R R i h R R Current Data Parameters
e Rl SR N EE3RaRaTInaAn i Al INO0RS8038RS508 A8A884T NAYE swk5157crude
e i i MV-RV-RV- VvV T B L RSt - EXPNO 1

- Acquisition Paremeters
Date_ 20140709
Time
OMe TNSTRUY
PROBED 5
OBoc PULPROG
OH s

SOLVENT
NS

EtO.

0
12019.230 Hz
0.183399 Hz

262976 sec

Crude 14b

298.
(o) b1 1.00000000 sec
1

CHANNET, f1
6

SEOL 1337060 Mdz
NUCL 11

Pl 12,10 use
BLEl 13.00000000 W

LB 0.30 Hz
GB 0
PC 1.00

JL /0 N J O

Current Data Parameters
NAME swk5157col-1
EXPNO 1

1.110
.13
1.128

- Acquisition Paremeters
Date_ 20140714
Time .
TNSTRUM

PROBED 5

PULPROG

™
SOLVENT
NS

0
12019.230 Hz
0.183399 Hz

262976 sec
e
11.
o OBoc 6% o
TE 298.1 K
D1 1.00000000 sec
EtO. 00 1

CHANNET, f1

[e) 0 SEOL 600.1337060 Mdz
11

vse

P 12,10
14b LWl 13.00000000 W

o—/

)
A AN A N

) (o) @9 ) o) (o

Sa ao bt @ d i
il ol e o =l el - Ey ol los

546



3 3 NR8R% 82 SR 388 @ © wn - o Current Data Parameters
2 i SeseH em BS Hec o 2 P i 2 NAME swks157col-1
N ) CoCeew nN Nod —0® O - : . . EXPN 2
2 B 2RISE o0 S84 D52 3 b e 8 S PROCXO 1
NV T YW T T ] r seateteion cosone
Date_ 20140714
Time 12.02
INSTRUM spect.
PROBHD 5 mm CPQCI 1H/
PULPROG 29pg30
3
2
o
36057.691 Nz
OMe 0.550197 Iz
0.9087659 sec
OBoc 203
OH 13.867 usec
18.00 usec
Eto 268.1 K
2.00000000 sec
0.03000000 sec
o} o ‘
—— CHANNEL 11 — —
14b 150.9178981 MH7
13¢
11.35 uscc
[¢] 230.00000000 W
O\/ —— CIANNEL £2 ——
600.1324005 MHz
1H
wa 15
90.00 uscc
13.00000000 @
PLW12 £.23498000 W
PLW13 ©.19033000 W
¥F2 - Processing parameters
S8I 768
s 150.9028184 MHz
EM
c
1.00 Hz
o
1.40
r T T T T T T T T T T 1
200 180 160 240 129 100 80 60 40 29 ppm
PR g e o e R RN I E e B e e R R g b e b P S Current Data Parameters
R e R R b B LD LD T R IR el el e NAYE 5142f0142h
B BT T e i e R R R R R EXPNO 1

PROCNO 1

F? - hequisition Parameters
Date_ 20140704
Time 8.4
Et TNSTRUM
OH PROBED
PULPROG

™
EtO SOTVENT
NS
0
8012.820 7
(¢] [¢] 0.1222
a9 4.0894465 sec
Crude 14c RG 12028
Dw 62.100 use
DL 6.50 use
0] E 295.7 K
()<<‘/ b1 1.00000000 sec
DO 1

CHANNRT, £1

SEOL 399.9824700 Mdz
NUCL 11

Pl 12.38 use
BLEl 11.19999981 W

I
WA

|

R AN 5 N PO | N

T

4 3 2 1 ppm
Ay A e &
= = @ ee S
e - el -

S47



MO NE IO NN NOE O ANINAVC IETICOTDNCND - FOOE FOICRERANM DD == o N s
NOr ORI T ITMAAN DO NG - DORVE NS PIOMNA D= BOOY NS NMNOB OO0 10 D™ @iy e CUllent Data Parameters
S E N AN D DM~ 5D G D@ DI I %0 0020 60 0 20 9 20 150 50 ;o MGl 00N & AN A NAME (5142c0l
FE R eS8 e R ST ST S TS ST ST T W W 006 0 M0 M N NN N o o EXPNO 1

e T s Frotio :

F> - Acquisition P,

Date_ 20140709
x 22.01
TNSTRUM spect
PROBED 5 mm CPQCT 1H/
PULPROG 2930
65536
Et SOLVENT cnC13
OH NS

EtO.

298.
b1 1.00000000 sec
1

CHANNET, f1
6

SEOL 1337060 MHz
NUCL bl

Pl 12.10 use
BLwl 13.00000000 W

ST 5536

6553
600.1300139 Hdz
=M

0.30 Hz

1.00

! . A J L

15

_—108.94

10

Current Data Parameters
NAME swk5142c0

802
693
971

8
267

——10.165
887
141

72.609

197
173
15

1

on Paramet.
20140710
1.07

320653

——100.
—3
— 28
~—14.186

165
4
T~ 116.617

_—

PROBID 5
PULPROG

Et
OH

EtO.

2.00000000 sec
0.03000000 sec
1

—= CHANNEL [1 ——
150.9178981 MAz
13¢

o—/

1.3

1
230.00000

0w

—— CIANNEL £2 ——
600.1324005 MHz
1H

16
.00 uscc
13.00000000 @
0.23498000 W
0.19033000 W

wa

¥2 - Processing parameters

768
150.9028184 MHz

1.00 Hz

1.10

T T T
200 180 160 240 129 100 80 60 40 29 ppm

548



SHODCDLNoNOT TN G O CWHT O NT DI S T E WYY
CphBNLoBTNNSRE o NPhImaRrEoAam s g
FRETaA-AoCor BNy SEoSCornnnnmanm
N T A ey TSI SEnG e nnn

—>.8

OH
EtO

(6] F

Crude 14d

o
o—/

Current
NAME
EXPNO
PROCNO

F2
Date_

TNSTRUM

PROBED
PULPROG

SOLVENT
NS

Data Parameters
swk5156£0122h

1
1

- Acquisition Paramet

20140708

298.
1.00000000
1

CHANNET, f1
6

3.0000

1337060
11

ers

OH
EtO.

o

o

o—/

e

14d

S DU

BN ANMHCH ICONTINCTE BT MNAENFMOT DN o 0] T D D
T e e e e e R R R R B e e R o= B MR R v Re AT
0@ 0@ DB NNNDNNN N Mo o 0D 08 D5 6 G R
AT L e e e R T

1.139

&

NI

3.646

&8 nave
EXPNO
PROCNO

F2
Date_
PROBED

PULPROG

™
SOLVENT
NS

SO L [ S - s
T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm

2 EeeE @ g

=10 R PR P Y o - P i = ()

549

0.30

1.00

Current Data Parameters

swk5156c0L
1
1

2

12019.230

0.183399
262

298.1
1.00000000
1

CHANNET, f1
1337060
11

Hz

- Acquisition Paremeters
20140709

Hz
Hz

sec
use

use

sec

iz



S0 §  Fe S2838330R5: aRoE & = Current Data Param
3% SR8 I888C3RERE Shak S S NAME suks1
w9 o Ne oo SowoTd s 8WN G a2 “
88 e 36 SERSNS5384533552858 o <
%2 R PO b s gt e fa e paps ] @ S
VA VRSN sy |
20140710
INSTRUM pect
PROBID 5 mm CPQCT 1M/
PULPROG 29pg30
cpei3
512
1
36057.691 1z
OH 0.550197 Iz
0.9087659 sec
203
EtO 13.857 usec
18.00 vsec
268.1 K
o) o) F 2.00000000 sec
0.03000000 sec
14d ‘
-~ CHANNEL 11 ——
o) 150.9178981 Mz
13c
O\/ 11.35 uscc
230.00000000 @
- CHAMNEL £2 —
600.1324005 MHz
it
waltzle
90.00 usce
13.00000000 &
PLW.2 0123438000 W
PLEI3 0:15033000
¥2 - Processing paramerers
st 768
s 150.9028161 MAz
kM
o
1.00 Bz
°
1.10
T T T T T T T T T T T 1
200 180 160 240 129 100 80 60 40 29 ppm
greagoessorgpannsagumeegrgeeInaessonenazans gy Current Data Pazamsters
EEEEEEEEE NS S S ki b R S P Bl NAVE it
B T T e e e e o I e R R R e - EXPNO
I N = i
F2 - Acquisition Peremeters
Date_ 20110928
Tire 9.3
TNSTRUY
PROBED 5
PULPROG

™
SOLVENT
NS

2
12019.230 Hz
0.183399 Hz

262976 sec
20.

11.600 use
10.00 use

TE 298.0 X

b1 1.00000000 sec

DO 1

CHANNET, f1

SEOL 600.1337060 Mdz

NUCL 11

Pl

BLEl 13.00:

F2 -

ST

JQLu,.‘ L LI bl‘ W

o -
o

AAN RN \
(ol o (e (v
le=lad ol e ©

S50



@ e oo =
g g5 g8 8 < 8 & an s
S ar g SEER = g 28 g8 3
g 38 5 5088 3 o N a
) 8% 355 5BhggRogcge § g 2w 98 3
T T T T T T T T T T
200 180 160 240 129 100 80 60 40 29 ppm

——1.539
1.209
1.197

-
3

Current Data Parameters

NAME swk5175c0113C
EXPX 1
1

ion Param

20140928

INSTRUM
PROBID 5
PULPROG

mm

0.03000000
1

—= CHANNEL [1 ——
150.9178981
13¢

11.35 u
230.00000000 @

—— CIANNEL £2 ——

3FO2 600.1324005 MHz
N2 i
CPDPRG (2 waltzls
PCPD2 90.00 uscc
PTn 13.00000000 @
PLW1Z 0.17182000 W
PLW13 0.13925999 W
¥2 - Processing parameters
768

150.9028231 MHz
M

1.00 Hz

1.10

Current Data Parameters

NAME swk5164col-1
EXPNO 2
PROCNO 1

F> - Acquisition Pa
20140714

Date_

PROBED 5
PULPROG

™
SOLVENT
NS

2
12019.230 Hz
0.183399 Hz

262976 sec
22.
11.600 use
10.00 use
TE 298.2 X
b1 1.00000000 sec
DO 1

CHANNET, f1
1337060
11

iz

«AJL Ltk
T T T T T 1
9 5 3 2 1 ppm
/8\‘ & =
I ol le

S51



@ = o e v “ o oo - “ Current Data Parameters
El N = ren 52 S oA o = NAME swk5164col-1
w0 = o w — A . LA . EXPN 3
2 B g cs ERS I T - PROCYO 1
Date_ 20140714
Time 12.09
INSTRUM spect.
PROBHD 5 mm CPQCI 1H/
PULPROG 2gpg30
0.03000C00 sec
1
—= CHANNEL [1 ——
150.9178981 MH7
13¢
11.35 uscc
230.0C000CC0 @
—— CIANNEL £2 ——
600.1324005 MHz
1H
wa 15
90.00 uscc
13.0000C000 W
PLW12 £.23498000 W
PLW13 0.19033000 W
¥F2 - Processing parameters
S8I 768
S: 150.9028162 MHz
e
c
1.00 Hz
o
1.40
T T T T T T T T T T 1
200 180 160 240 129 100 80 60 40 29 ppm
B e A b b T P E R R L R P ER Pl FSEeE S P Current Data Parameters
S R L E RN EEEE P BRI o S ER L
L e R i I o T e R R RN VNS P A P EXPNO

R P i g e

- Acquisition Paremeters
Date_ 20140709
Time .
TNSTRUM

PROBED 5

PULPROG

™
SOLVENT
NS

0
12019.230 Hz

0.183399 Hz
262976 sec

4.2
EtO 11.600 use
10.00 use

TE 298.1

01 1.00000000 sec

D0 1

CHANNET, f1
1337060
11

2,04 @ 7
1.00>

S52

iz



5

108.47
8
——101.162

Current Data Parameters
NAME swk5147col
2

196.270
160
136
1
996

1

——28.909
1

_—
13

ion Param

20140710
INSTRUM pect.
PROBHD 5 mm CPQCI 1H/
PULPROG 29pg30

0.0300000C sec
1

—= CHANNEL [1 ——
150.9178981 MAz
13¢

11.35 u
230.00000000 @

—— CIANNEL £2 ——
600.1324005 MHz
1H

16
90.00 uscc
13.00000000
PLW12 0.23498000
PLW13 0.19033000

wa

EEE

¥2 - Processing parameters
768

150.9028162 MHz
M

1.00 Hz

1.10

iminn

-~
o
X
=
o
o -
=
o
=

200 180 160 1

69 ac 2 pprt.

&2 Current Data Parameters
1 NAVE swk5161col-1
EXPNO 1
PROCNO 1

F? - hequisition Parameters
Date_ 20140711

PROBED 5
PULPROG

™
SOLVENT
NS

2
12019.230 Hz
0.183399 Hz
262976 sec

9

11.600 use

10.00 use
TE 298.2 X
b1 1.00000000 sec
DO 1

CHANNET, f1
1337060 Mdz
11

LA,,ggXJbL N, L

A

(=3 ©
« b
- o3

S53



976
94.949

194

~Z

——77.75¢

——51.979

45.185

45.129
41.033

L023

41

933

13

Current D.

NAME

200

o
EtO,C

Crude 9a

T
18C

O\/

(o}

OMe

40

T
129

T
10¢ 8C

4,891
4.670
633

4.649
4.63.

4.599
4.588

epimerized
SM minus acyl
imidazole

—= CHANNEL [1 ——

Parameters
201

2
1

tion Parameters

20140711

36057.691 Iz
0.550197 Iz
0.2087659 sec

203

13.867 usec
18.00 usec
298.2 K

2.00000000 sec

0.0300000C sec

1

150.9178981 MAz
13¢
11.35 uscc
230.00000000 @

—— CIANNEL £2 ————

600.1324005 MHz
1H
waltzlé
0.00 usce
13.00000000 @
0.23498000 W
0.19033000 W
ng parameters
32768

150.9028250 MHz
M

1.00 Hz

1.10

Current Data Parameters
E sl

5D64crude

EXENO 1
PROCNO 1

S54

Bequisition Parameters
20140515

12.3
11.19993981 W
Processing parameters
36

65536
399,9500098 MHz
EM

Hz



OMe

Araoaa @y 2@ amo - TS0 E 0T DN 0o
MoCoR BB ETame 0T Ao ER T e AR
FErREcoleandantcssos R R
Eprpvpegeyege T @ e e o o e o

1.007
0.995
0.983

e
~

Current Data Parameters
NAVE swk5064£r27-47
EXPNO 1
PROCNO 1
F> - Acquisition P,
Date_ 20140709
n 22.05
TNSTRUM spect
PROBED 5 mm CPQCT 1H/
PULPROG 2930
65536
cnel3

SOLVENT
NS

298.
1.00000000
1

CHANNET, f1
600.1337060
11

3.0000

LB 0.30 Hz
GB 0
PC 1.00

10

——189.

1.99>

——171.130

049

168

-~

1.98
3.05°

OMe

205> @
100>
1,04 9

095
N
009

108,

3
128.058

—121
— 114

T~—108

%

1,03

298

—101

211 &
2.96/

2.99

ppm

Current Data Param
NAME swk5064fr2

ion Parameters
20140710
1.34

PROBID 5
PULPROG

2.00000000
0.03000000
1

—= CHANNEL [1 ——
150.9178981

13¢

11.35 uscc
230.00000000 @

—— CIANNEL £2 ——
600.1324005
1H

16
.00 uscc
13.00000000 @
0.23498000 W
0.19033000 W

wa

¥2 - Processing parameters

150.9028162 MHz

1.00 Hz

1.10

200

T
18C

1

T
6

c

40

T
129

T
100

80

S55



W e e S SN M R E B T S M M T T e T N T
R e R R R e e R b R P g S
L e e N B e B e e e T R R RN g v g pog
L e e e e A - RV R A T R R b - R

o o0
OMe
(@)
EtO,C OBoc
Crude 9b
()~\¢/

epimerized
alcohol

1 0 ppm
[
SRRINIES
guingcy
Adddddad

ppm

Current Data Parameters
A swkSD64£r27-48

EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140710
i 1.37
INSTRUM spect
PRCBHD 5 mm CPQCI 18/
PULPRGG noesygpphpp
2048
SOLVENT cpel13
us 4
DS 32
SWH 6009.615 Bz
FIDRES 2.934382 Bz
20 0.1703936 sec
RG 2
oW 83.200 use
DE 10.00 use
IE 298.2 K
Do 0.00Q006779 sec
D1 2.00000000 sec
D8 0.30000001 sec
D11 0.03000000 sec
D1z 0.00002000 z=c
D16 0.00020000 sec
INO 0.00016640 sec
== CHANNEL fl == -
SFOL 600.1327625 MHz
nrcl 1H
P1 12.10 use
P2 24.20 use
P17 2500.00 use
PLW1 13.00000000 W
PLW10 2.81559992 W
====== GRADIENT CHANNEL ===
GPNAM[1] 5M5010.100
GPZ1 40.00 %
P16 1000.00 uss

F1 - Acquisition parameters
I 256

SFO1 £00.1328 MHz
FIDRES 23.475060 Bz
sW 10.014 ppm
FrMODE States-TPPI

F2Z - Processing parameters
I 4

SF 600.,1300108 MHz
WD

558 2

LE 0 Hz

GB 0

BC 1.00

Current Data Parameters
NAME

swk5206crude
EXPNO 1
PROCNO 1
F2 - Bequisition Parameters
Date_ 20140827
Time 15.16
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG 2530
™ 65536
SOLVENT [ E)
HS 6
DS 0
SWH 12019.230
FIDRES 0.183399
AQ 2.7262976
RG 18
oW 41.600 use
DE 10.00 use
TE 298.2
b1 1.00000000 sec
OO 1

0.91
1.01
8.08
9.24
3.46

S56

NUC1
PL 10.35 use
PLW1 13.00000000 W
F2 - Processing parameters
ST 5536
SF 600.1300136 MHz
WDW EM
55B o
LB 0.30 Hz
GB o
PO 1.00

T

ppm




R R e iR R b R R RN e s R - D PN S5 2o Current Data Parameters
L RN 8EEaadNaRs3iocSRaandsnnnanamam 5Rih 535 NAVE swk5206c0L
e N R SR e Bk Bk R R R R R R R R R SRR SR R Ans Ao EXPNO 1
\KN V \k \\\N \V PROCNO 1
F? - hequisition Paremeters
Date_ 20140919
TNSTRUM spect
PROBED 5 mm CPQCT 1H/
PULPROG 2930
65536
SOTVENT cnel3
NS
2
12019.230 Hz
0.183399 Hz
sec
18
11.600 use
10.00 use
IE 298.0 X
D1 1.00000000 sec
o) o DO 1
CHANNET, f1
OMe SE0L 600.1337060 Mdz
[e) NUCL i
EtO,C OBoc
9b
LB 0.30 Hz
o) (] GB 0
~ PC 1.00
R Mml4ﬂ N A .

o -

1.01
1.037
1,16

G049
N
)
<
%
>

1.00
1.04>
1.01

36

o

a
37

120.
———112.583
1.708
——55.096
52.368

—101.
]
——45.973

T—107.924

1
_—127.478

T 1233
Nl

OMe

OBoc

LA

9.91>
3.08= =

——27.511
13.706

ppm

Current Data Param
NAME swk5206c01

2
1

tion Paramet

20140919
4

PROBID 5
PULPROG

298.0 K

2.00000000 sec

0.0300000C sec
1

—= CHANNEL [1 ——
150.9178981 MAz

13¢
11.35 uscc
230.00000000 @

—— CIANNEL £2 ——
600.1324005 MHz
1H

16
.00 uscc
13.00000000 @
0.17192000 W
0.13925999 W

wa

¥2 - Processing parameters

150.9028181 MHz

1.00 Hz

1.10

T T T
200 180 160 240 129 100 80 60 40

S57



Current Data Parameters
NAME

EXPHO
PROCHO

swk5206c0l
k]

F2 - Acquisition Parameter:
201

S58

ppm 1915
55
1 L spect
| 5 mm CPQCI 1H/
ncesygpphpp
2048
" cpe13
! "y 1 4
32
6009.615 Hz
' 2.934382 Hz
AQ 0.1703936 sec
p . - R 64
' b 2 oW 83.200 use
\ DE 10.00 uvse
TE 298.0 K
I i D 0.00007002 sec
. P DL 2.00000000 sec
! 3 D2 0.30000001 sec
‘ D11 0.03000000 sec
i D1z 0.00002000 =ac
I D16 0.00020000 sec
J i 4 N0 0.00016640 sac
=== CHANNEL f1 -
SFO1 600.1327625
Nucl 1H
- PL 10.35 use
- P2 20.70 use
5 P17 2500.00 use
PLW1 13.00000000 W
PLW10 2.05999994 W
— = GRADIENT CHANNEL ===
- 6 GENAM(1] SMSO10.100
GPZ1 40.00 %
P16 1000.00 use
Fl - Acquisition parameters
L7 T 256
sFO1 iz
FIDRES Hz
W 4 ppn
FriMODE FL
] F2 - Processing parameters
sI 1
SF 600.1300131 MH:
WoW QSINE
558 2
H E g LB 0 Bz
' =) [
! BC 1.00
T T T T T T 10
10 9 5 4 3 2 1 ppm
SERRCELREIANSSS CRZERNRAZNERSTAEASIIERA b BEREEY o Current Data Parameters
Sennansaaaannnn anooERLagaaaanannnnnnnnn o annaas - HAME swk5160crude
B R T N Fv-gV-3] Brinssssesssnmadmmaandden 1 Aoonag < EXEND 1
RSSO WONNNY N | YT i
F2 - Acquisition Parameters
Date_ 20140709
Time 14
INSTRUM spact
o] o) PROBHD 5 mm CPOCI 1K/
FULFROG zg 34
™ 65536
SOLVENT cpe13
(0] N s &
| DS a
_ £ swH 12019.230
FIDRES 0.183399
EtO,C t g 2.7262975
R 14.2
D 41.600 use
DE 10.00 use
Crude 9¢ T 2000
D1 1.00000000 sec
O\/O ™00 1
==== CHANNEL
5£01 500
NuC1
PL 12.10 use
PLW1 13.00000000 W
F2 - Processing parameters
s1 5536
sE 600.1300135 Miz
WoW EM
558 [
LB 0.30 Hz
GB [
pC 1.00
epimerized
B
epimerized
alcohol
T T T T ]
4 2 1 ppm
| \
o
& Sl
o o3



Current Data Parameters
Y e Rt NAME swk5160£r37-70
~ CRLEEI R R Mo o EXPNO 1

VO SRSy gy e

928
922
6

704
9

cormer
SREBIN
SRE3T o

003
991
985
973
957
1

99

6.682
6.679
6.668
6.666
5.916

247
1.267

z

z

me
e
e

6.70
0.979

3.

6

3
3

-

323
7.260

- Acquisition emeters
Date_ 20140710
n 1.12
TNSTRUM spect
PROBED 5 mm CPQCT 1H/
PULPROG 2930
65536
SOLVENT cpC13
NS

2
12019.230 Hz
0.183399 Hz
sec

16
11.600 use

10.00 use
TE 298.2 X
Et b1 1.00000000 sec
DO 1

CHANNET, f1
600.1337060 Mdz
11

O 13.0000

LB 0.30 Hz
GB 0
PC 1.00

N
%

2.02
3.08

5
o
0
2

Current Data Param
NAME swk5160Fr3

613

o1
0
7
K
21.0
8.4
27
0

52.

tion Parameters

" 20140710

2
51.613

3
——45.760
28,968

_—14.983
T——13.690
)
=
&)

9

——190

PROBID 5
PULPROG

2.00000000 sec
0.03000000 sec
1

—= CHANNEL [1 ——
150.9178981 MAz

13¢
11.35 uscc
230.00000000 @

Et

—— CIANNEL £2 ——
600.1324005 MHz
1H

16
.00 uscc
13.00000000 @
0.23498000 W
0.19033000 W

wa

¥2 - Processing parameters

768
150.9028217 MHz
Y

1.00 Hz

1.10

T T T
200 180 160 240 129 100 80 60 40 29 ppm

S59



Current Data Parameters
NAME

swkSLE0Er37-70
k|

1.00 =

S60

EXPND
PROCNO 1
| | i u F2 - hequisition Parameters
m  pate_ 20140710
L pp Time 40
T INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG neesygpphpp
2048
; SOLVENT cpe13
— L] i | ns 4
— . y DS
- SWH 6009.615 Hz
f FIDRES 2.934382 Hz
0.1703936 sec
L2 R E
DR 83,200 use
DE 10.00 use
i TE 8.1 K
—_— . [ v DO 0.00006779 sec
L3 DL 2.00000000 sec
D2 0.30000001 sec
D11 0.03000000 sec
D1z 0.00002000 =ac
D16 0.00020000 sec
a N0 0.00016640 sac
== ¥ ] Loa
=== CHANNEL f1 -
. SFO1 600.1327625
Nucl 1H
— ' PL 12.10 use
' . L 5 B2 24.20 use
P17 2500.00 use
e PLW1 13.00000000 W
PLW10 2.81559992 W
v' GRADIENT CHANNEL
' - 6 GENAM(1] SHSQ10.100
GPZ1 40.00 %
P16 1000.00 use
‘ Fl - Moguisition parameter:
L7 ™ 256
sFO1 600.1328 MH:
‘ . FIDRES 23.475060 Kz
W 10.014 ppn
FriMODE State FFL
0
[ . t ] F2 - Processing parameters
sI 1
sF 600.1300107 Mz
WoW QSINE
558
= 9 LB 0 Hz
=) [
FC 1.00
T T T T T T T T 10
10 9 8 7 6 4 3 2 ppm
S223a SERRZ  TE  BE8RBSIRAZIRGER RIA Current Data Parameters
SRRES gnRRs SR Sansiiogganaan N HAYE swk51650rude
HEE R CEddd Wu dddeessssmaded JEpe EXPND 1
VYN T NN SN Voo i
F2 - Moquisition Parameters
Date_ 20140711
Time 21.21
(6] o] F INSTRUM spect
PROBHD 5 mm PABBO BB-
FULFROG 2g30
o ™ 65536
SOLVENT cpe13
N3 8
DS a
swH 8012.820
EtOZC FIDRES 0.122266
aQ 4.0892465
R 178.34
D 62,400 use
Crude 9d DE 6.50 use
o TE 313.5 K
D1 1.00000000 sec
~ 00
5£01 395,9824700 Miz
NuC1 1H
PL 12.38 use
PLW1 11.199995981 W
F2 - Processing parameters
s1 5536
sE 399, 9800081 Miz
WoW EM
558 [
LB 0.30 Hz
GB [
PC 1.00
r Keto tautomer
\ \ e
fi
[ I
(W !
T T T T T T T T ]
9 8 7 3 2 ppm



NN NN OO O BT OVNNEEVN AN SO I ANOEND DI (> (OO TN N0 =D~
R e e R b g b e R e R R R g p P R R N N
R R e e R R R R B e e B e e Lk L R R R e B e R R R g R R R = R R Rop - prreys 5165c0L
e S S R R R eSS s sl A un e A An G S s s S e S s T ST S M mn A Ao oS o EXPNO 1
PROCNO 1
F? - hequisition Parameters
Date_ 20141108
TNSTRUM spect
PROBED 5 mm CPONP 1H/
PULPROG 2930
65536
SOLVENT cncl3
NS

0
12019.230 Hz
0.183399 Hz
sec

32
11.600 use

10.00 use
lo] TE 298.0 X
b1 1.00000000 sec
DO 1

CHANNET, f1
6

SEOL 1337060 Mdz
NUCL 11
od 13.00 use
000 W

O\/ ST i 5536

6553
600.1300112 Hdz
=M

0.30 Hz

1.00

N o \.J.,J,N .

FRY PA
o B33
2 28
< N
EEEEEERE IS L TR SRR BED e ag gg2ms832e ome s Current bata Parameters
o SEeneeanssnhneanarndioseanNg 093 o €3 =z XAHE swks165c0
so srdenresoNadaa SYSuTYaNs SO © I q ] EXPN 3
8% SRR R R R R R SIS R ke €8 og PROCY L

pect
PROBHD 5 mm CPQNP 1H/
PULPROG 29pg30

2.00000000 sec
0.03000000 sec
1

—= CHANNEL [1 ——
150.9178981 MAz
13¢

SFOZ 600.1324005 MHz
1H

16
80.00 uscc
5.00000000 @
0.26587000
0.170156000

wa

EE

¥2 - Processing parameters

150.9028140 MHz

1.00 Hz

1.10

|IH.. (LI L

T T T
200 180 160 240 129 100 80 60 40 29 ppm

S61



i ppm  Dice

-

10
Ppm

o -
~
& -
P
B
w
nN
-

0 9

RO ENO NNOO OB IO YONARNLCOIDODVOIDNOAFN O ADD O MG T O
R S5 0CaT I AN DY TN IN NS IRNN OB FIT NN I IO ENCNG O TRy =m0

A EE B E NI I IO MO O AR AT AN NN ADDD DO DDDD -~ OOV BT T DT 57O NAME
FroddsEsssssdsnagasmmammamamaononananaamanamann ©oo EXPNO

\V PROCNO

Date_

PROBED
PULPROG

™
SOLVENT
NS

N
-

ppm

3.36

S62

Current Data
NAME

Aequisition

Parameters
swk5165c0l

Parameters

0141108
10.18

5 mm CPONP 1
ncesygpphpp
2048

0.03000000
.00002000
00020000
00016640

3.00000000 ¥
225000000 W

ENT CHANNEL ===
SMSQL0.100
40.00 %
1000.00

Current Data Parameters

swk5276crude
2

1

F> - Acquisition Paremeters

20141117

spect
5 mm CPONP 1H/
2930

65536

cnels3

16

2
12019.230 Hz

0.183399 Hz
2.7262976

298.0
1.00000000
1

CHANNRET, £1
600.1337060 Mdz
11

600.1300155 Hdz
M

0.30 Hz

1.00



g g 284 8 g2 3 - us 2
s = R e5 8 sEs “
R 12838 €9 g o@es s
| Y IR
OMe
11 !\! |
: : : : : : : : : : ‘
200 18C 16C 240 129 10C 8C 60 40 29 ppem
1. ll.l\ T | ppm

il

L 1

o
]
3 Jﬂ' ' L3
; :_‘I ' =
‘ H a4
: F5

10

¢‘ -
b ! ;
s &
. -8
F9
T T T T T T T 10
8 7 6 5 4 3 2 1 ppm

S63

Current Data Parameters
NAME swk5276crude
3

1

tion Parameter:
20141117

spect
5 mm CPQNP 1H/
29pg30
8. &
CDC13
60
1
35057.691 Iz
0.550187 1z
0.9087659 sec
203
13.867 usec
18.00 usec
298.0 K
2.00000000 sec
0.03000000 sec
1

—= CHANNEL [1 —— ==
150.9178981 MAz
13¢

11.93 uscc
30.00000000 @

—— CHANNEL £2 ————————
600.1324005 MHz
1H

waltzlé
80.00 uscc
5.00000000 @
0.26587000 W
0.17016000 W

ing parameters
32768

150.9028162 MHz
M

1.00 Hz

1.10

Current Data Para

NAME swk5Z

EXPHO

PROCHO 1
F2

Aequisition Parameters
2 117
5

Date_

5 mm CPONP 1H/
ncesygpphpp
20

00002000
00020000
00016640

== CHANNEL
800,

PLW10 2.25000000 W
====== GRADIENT CHANNEL ==
GENAM(1] SMSQL0.100
6Pzl 40.00 %
P16 000.00 use
FL

Aequisition parametere
256

™
sFO1

FIDRES

2

FnMODE

F2 - Processing parameters
sI 1024

SF 600.1300110 MHz
WDH QSINE
S5B 2

LB 0 Bz

=] o

PC 1.00



O PN NN YNNG OO IORON NS TENCCNOINONEDTNEMNO IO NOOM OB o N s
IO YR TONTMANNC ARMINTANC IOCBTMAN I HICONDM AR A@RE VW T @l Current Data Parameters
PR D O~ N ON T TN T DO DBANN N NN AP DEODDDDDD M EBO T T TN 006 NAME swk5212crude
ERrveny T e e b AEmEmeRanannaneaanaon - oo EXPNO 1

&\W \ \%&\&Wm’w \V FROCNO !

F> - Acquisition P,

Date_ 20140919
n 2.55
TNSTRUM spect
PROBED 5 mm CPQCT 1H/
PULPROG 2930
65536
SOLVENT cpC13
NS

2
12019.230 Hz
0.183399 Hz
sec

18
11.600 use

10.00 use
TE 298.0 X
b1 1.00000000 sec
DO 1

CHANNET, f1
600.1337060 Mdz
11

LB 0.30 Hz
GB 0
PC 1.00

9.27
3.03

Current Data Parameters
NAME swk5212crude
2

36
105
193

SES o 9 v o

272
8.837
2
1
531

0
147.251

_——139.894
——138.170

147.

1

tion Paramet

201409

——168.119
1
1
——13.611

——108.1

—176.
T—118.809
_—110.769
5
— a3
———49.C
—27.

PROBID 5
PULPROG

298.0 K

2.00000000 sec

0.0300000C sec
1

—= CHANNEL [1 ——
150.9178981 MAz

13¢
11.35 uscc
230.00000000 @

—— CIANNEL £2 ——
600.1324005 MHz
1H

16
.00 uscc
13.00000000 @
0.17192000 W
0.13925999 W

wa

¥2 - Processing parameters

150.9028206 MHz

1.00 Hz

1.10

M

T T T
200 180 160 240 129 100 80 60 40 29 ppm

S64



40919
3.23

5 mm CPQCI 1
noesygpphpp
2

! ¥
\
a
' | 2
N 3 a 138
' Ll 0.03000000
[ ' y ¢ 0.00002000
N [ . ° . 0.00020000
i 4 0.00016640

PLU1 13.00000000 1
PLW10 2105999994 W

T CHANNEL ==+
SMSQ10.100
40.00 %
1000.00 use

Aequisition parametere

,l‘

6001300108 Mz

QSTHE
- 2
H £ 9 0 Bz
i [
1.00
i
T T T T T T T T 10
O N D T T = S O P T O S OO O NN T IYC TR eI G NO S AT IOUD - SN ORI NS TN AN DO >
CMNO - OO ON N OONBOONMMIANDEFNAN NN ICND=N I IO0NONDSC NN T 6T < R i oo oo Current Data Parameters
R e R LR e R e e R e R R R R v swk5229¢01
N R R i R R AR R R AR R R PR PR AR PR P AN ENP RIS PR Ro ey 1

N\WW W % ERocRo i

F2 - Acquisition Paremeters

Date_ 20141107
Time 2.
TNSTRUM spect
PROBED 5 mm CPQNP 1H/
PULPROG 2930

™ 65536
SOLVENT cDC13

NS 16

DS 2

swE 12019.230 Hz
FIDRES 0.183399 Hz
aQ 2.7262576 sec
RG 22.6

Dw 11.600 use
DL 10.00 use
IE 298.0

D1 1.00000000 sec
DO 1

ANNEL £1
600.1337060 Mdz
11

600.1300112 Hdz
M

0.30 Hz

1.00

Ml UL“LMJ _—

S65



Current Data Parameters
NAME swk5229c01

615
129
511

127.674

12
127.508
126.516

12
121.314

1

tion Parameters
20141107
13.12

© o
5 3
s @
S

136,446
——107.9839

——101.031
——78.816
—— 73,942
—61
49,429
——46.891
——28.421
—15.557
———13.599

]

2

2

a

=
X

spect
5 mm CPQNP 1H/
29pg30
8. &
CDC13
256
1
36057.691 Nz
0.550187 1z
0.9087659 sec
203

13.867 usec
18.00 usec
298.0 K

2.00000000 sec

0.0300000C sec

1

—= CHANNEL [1 —— ==
150.9178981 MAz
13¢

11.93 uscc
P 30.00000000 @

—— CHANNEL £2 ————————
600.1324005 MHz
1H

waltzlé
80.00 uscc
5.00000000 @
0.26587000 W
0.17016000 W

ng parameters
32768

150.9028238 MHz
M

1.00 Hz

1.10

T T T
200 18C 16C 140 129 10¢ 8C 60 40 20 ppm

Current Data Para
NAME swk5225cc
EXPNO
PROCHO 1
2

L L) ppm - pate aorgn
Tine 31

5 mm CPONP 1H/
ncesygpphpp
20

0
2
0.30000001
' 0.03000000
[ 6! ¥ 0.00002000 sec
i ] D @ g 00020000 sec

00016640 sec

600.1

13.00 use
26.00 use
2500.00 use
9.00000000 W
2.25000000 W

’P —=-===- GRADIENT CHANNEL ==
- 6 GENAM([1] SMSQL0.100
3 6Pzl 40.00 %
o Pl6 1000.00 use

F1 - Acquisition parameters

* . E
. . 7

] F2 - Processing parameters

sL 1024
sF 600.1300108 MH:

¥ QSTHE

2

Lo 0 B2
0
1.00

S66



vow CYMEmoOToInTNAS AW TOE oo
FEoOnNEOYN NI TANN AN N S0 Shoasen
EEEE co305500 & e

i u\.U‘JK_J L

LoEonan o
F¥mmA O Do
SReaonana
- I

oy
RE
Sao,

S Current Data

AVE B

> S G S EXPNO

PROCNO

Parameters

wk5173crude
1

1

F> - Acquisition Paremeters

Date_

TNSTRUM

20141107

spect

PROBED 5 mm CPONP 14/

PULPROG

SOLVENT
NS

1S Y 7 . L;(L/ ,JLJ lm__

o -

T T
9 8 7 6

ppm

T
4 3 2
N A\ FAVAN DA
[=3 o0 il ~d < L) D [=1
& & 28 328 8 &
o R il el 0N (OB ©
P
SR A% 9E sYymTesREEaoy e ao "
58 4% 9z S5IHRtaREREfs FRE TR ¢
<~ o oo y o P i N a2 ©
E % 83 4§58 §5-8¢88 ¢ £3d  on o
L ﬂ l‘ l . I/l
r T T T T T T T T T 1
200 18C 16C 240 129 10C 8C 60 40 ppm

S67

Current Data

PROBHD 5 mm
PULPROG

—= CHAN
1

3

—— CIAN

¥2 - Processi

1

CHANNET, f1
6

600

2930
65536

cpC13

2
12019.230 Hz
0.183399 Hz
sec

32
11.600 use
10.00 use

sec

298.
1.00000000
1

1337060 Mdz
11

13.00 use
[l

0.30 Hz

1.00

Parameters
3crude

1

ion Paramet
20141107
12.24

pect

CRONP 1H/
29pg30

298.0 K
2.00000000 sec
0.03000000

1

INEL L1 ——
50.9178981 MHz
13¢
11.93 uscc
0.00000000 @

INEL £2 ——
1324005 MHz
1H

16
80.00 uscc
5.00000000 @
0.26587000 W
0.17016000 W

wa

ng parameters

50.9028161 MHz

1.00 Hz

1.10



I m
W — 1y
L] E o1
¥ ' '
| W 2
¢
'
0.0
| " z
0 F3 i
0.03000000
v 0 (I | 0.00002000
0.00020000
' £ N i Loa 0.00016640
0 ' e
o®
o
¢
¢’ - °
PLW10 2.25000000 W
J - GRADIENT CHANNEL ==-
- 6 GENAM[1] SMSO10.100
0 GPZ1 40.00 %
v . [ P16 1000.00 use
v F1 - Acquisition parameters
L 10 256
' ' 7 =
FIDRES
' W
FriMODE
T T T T T T T T 10
10 9 8 7 6 5 4 3 2 1 ppm
PRI el - D PG SN k-5 S S I e e sS85 Current Data Parameters
R R e R e e N T E R ERERE R b b R 332 NAYE Swk5139£r113-165
M SO OSONNOND NS D FMMOMEO OO0 OMO MO0 O Mo - EXPNO 1
ARV AN Ve / EROCHO 1
F2 - Acquisition Paremeters
Date_ 20140709
Time Y
TNSTRUM spect
PROBED 5 mm CPQCT 1H/
PULPROG 2930
D 65536
SOTVENT CRC13
0 NS 16
D3 2
SWE 12019.230 Hz
FIDRES 0.183399 Hz
O = a9 2.7262976 sec
RG 12.7
D 11.600 use.
oC 10.00 use
EtO,C OMe IE 298
2 DL 1.00000000 sec
TDO
6a Rl =
SEOL 600.1337060 MHz
0. 0] NUCL 11
~ Pl 12,10 vse
LWl 13.00000000 w
F2 - Processing parameters
T 36
600.1300138 MHz
EM
0
0.30 Hz
0
1.00
D I A
T T T T T T 1
9 8 5 4 3 1 ppm
A5 AN AN RS
< 0 (o oo ©
@ b Bt beiing @«
=Y Sl ol o

S68



196

55.329
13.748

“—108.283
——78.632

——51.405
——47.042

_—108.851
—101

oo v ea o
28 % g@ 3
S L
FE 3 ST 3
ERCECE
(0]
o] =
EtO,C OMe
6a
C)~\¢/()
T T T T T
200 180 160 40 129
o
[e} =z
Heo—LoH
EtO,C OMe
6a “!D>
o P°
Ll
—
B 1
|
|
— 1
§
— |
T T T

10 9 8 7

Current D. Parameters
NAME swk5139Fr113-165
2

1

tion Parameter:
20140709

29pg30
&5536
epei3
512

1

36057.691 Iz
0.550197 Iz
0.2087659 sec

203
13.867 usec
18.00 usec
298.1 K
2.00000000 sec
0.0300000C sec
1

—= CHANNEL [1 —— ==
150.9178981 MAz

NU 13¢

Pl 11.35 uscc

P 230.00000000 @

—— CHANNEL £2 ————————
600.1324005 MHz
1H

waltzlé
0.00 usce
13.00000000 @
0.23498000 W
0.19033000 W
ing parameters
32768

150.9028162 MHz
M

1.00 Hz

1.10

Current
NAME

EXPHO
PROCHO 1

F2 - Requisition Parameters
Date_ 20140704
Time 22.36
INSTRUM

PROBHD 5 mm CPQCI 1H/
PULPROG noesygpehpp
b0 20

00002000 sec
00020000 sec
00016640 sec

== CHANNEL £1
800,

PLW1 13.00000000

PLW10 2.81559992 W
====== GRADIENT CHANNEL ==
GENAM(1] SMSQL0.100
6Pzl 40.00 %
P16 1000.00 use

FL - Aequisition parameters
T 256

FIDRES

2

FnMODE

F2 - Processing parameters
sI 1024

SF 600.1300107 MHz
WDH QSINE
S5B 2

LB 0 Bz

=] o

PC 1.00



Rk e R R e L R e e P R bk e 220N Current Data Parameters
B e R v D R RN I R R o h 3co NAYE Swk5230£r19-34
I A VRV vV T v T e p R e R e i S MmO m e e m e e m e o Saa EXPNO 1

<

F? - hequisition Paremeters
Date_ 20140919
TNSTRUM

PROBED 5

PULPROG

SOLVENT
NS

298.
b1 1.00000000 sec
1

CHANNET, f1
600.1337060 Mdz
11

OMe NUCL

EtO,C OBoc

6b

LB 0.30 Hz

(0] e 1.00

SNZ

©o

©

~

o

o ]
>:

O\

Y

©/

N

¥
125 &
106
2.98/

0.96
202
1.01
1.00
8.92

> Current Data Param
0 NAME swk5230Fr1

.887
224
931

L739
33
33
9
77

6

940

956

519

7

122
1

% = [y

ion Paramet

20140919

——166.923

—170

——46.
—27

*Q: :
::::1ua

PROBID 5
PULPROG

EtO,C OBoc
298.0 K
2.00000000 sec
0.03000C00 sec
1

—= CHANNEL [1 ——
150.9178981 MAz

13¢
11.35 uscc
230.00000000 @

—— CIANNEL £2 ——
600.1324005 MHz
1H

16
.00 uscc
13.00000000 @
0.17192000 W
0.13925999 W

wa

¥2 - Processing parameters

150.9028163 MHz

1.00 Hz

1.10

It e

T T T
200 180 160 240 129 100 80 60 40 29 ppm

S70



o = OMe
Hie LH
Et0,C’ OBoc
{2
O
o L ik L L 4 |
1

an

ppm

Current D,
NAME

ta Paramete
swk5230£r19

k]

F2 - Requisition Parameters

== CHANNEL
600.1

20140919
2.0%

5 mm CPQCI 1
ncesygpphpp
2048

.03000000
.00002000
00020000
00016640

13.00000000 ¥
2105999994 W

ENT CHANNEL ===
SMSQL0.100
40.00 %
1000.00 use

T T T T T T 10
10 9 8 7 6 5 4 2 1 ppm
83 2as0 80 SO82U2350Y4805:935] g 25T38% Current Data Parameters
P ORS00 28 HERRATRRRIERRNanGaRY 988 255338 NAME awk5231c0]
I T T LT AN RN EXPNO 1
VANV SN SSSsITEs e NP I :
F? - Acquisition Paremeters
Date_ 20141108
Time 8.3
TNSTRUM spect
PRORBED 5 mm CPQNP 1H/
PULPROG zg30
D 65536
SOTVENT CRC13
NS 7
DS 0
SWE 12019.230 Hz
O FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 32
D 11.600 use
O = il 10.00 use
TE 298.0
Et D1 1.00000000 sec
TDO 1
EtO,C
CHANNEL, 1
600.1337060
6c 11
LB 0.30 Hz
GB o
PC 1.00
| J L LY W
T T T T T T T
9 6 5 4 2 1 ppm
AR FAEAA .‘
@ @ o /Ol t'} =1
= & 5 e =l
- @i e b oled
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. o o o
5 o 2% 8 - o - 0 o
3 & g8 2 3 E 3 g3
K @' ve - 2 4 g RoeR
5 g B e 3 = g 4ad
O
O =
EtO,C Et
6¢c
C)\\//()
: ‘ ‘ \ \ \ \ \ \ \ \
200 180 160 240 129 100 80 60 40 29 ppem
o
[o] =
H- OH
Et

l pom

[ — o iy” E1
] !
, 2
—_— . ] N
3
VI
= ' ; Loa
- ' " (v .‘>
- P P 5
] ' B
— 4 =
— i H’ '
—_ ‘ .
-8
9
T T T T T T T 10
10 9 8 7 6 5 4 2 1 ppm

S72

NAME

Current
NAME

EXPHO
PROCHO

—= CHANNEL [1 ——

Data Para

Current Data Parameters

swk5231col
2

1

tion Parameter:
20141108

spect
mm CPQNP 1H/
29pg30
8. &
CDC13
36
o
35057.691 Iz
0.550187 1z
0.9087659 sec
203

13.867 usec
18.00 usec
298.0 K

2.00000000 sec

0.0300000C sec

1

150.9178981 MAz
13¢
11.93 uscc
30.00000000 @

—— CIANNEL £2 ——

600.1324005 MHz
1H
waltzlé
80.00 uscc
5.00000000 @
0.26587000 W
0.17016000 W
ing parameters
32768

150.9028173 MHz
Y

1.00 Hz

1.10

F2 - Requisition Parameters
e

PLW10

====== G
GENAM[1]
Grz1
I35

20141108
8.45

5 mm CPONP 1H/
ncesygpphpp
20

3
03000000
00002000 sec
00020000 sec
00016640 sec

CHAMNEL
600.1

13.00 use

26.00 use

2500.00 use
9.00000000 W
2.25000000 W

GRADIENT CHANNEL ===

SMSQL0.100
40.00 %
1000.00 use

FL - Aequisition parameters
220

™
sFO1

FIDRES

2

FnMODE

F2 - Processing parameters
sI 1024

SF 600.1300135 MHz
WDH QSINE
S5B 2

LB 0 Bz

=] o

PC 1.00



OO TOONC NN E DN TN ADNND DA DD
PRSI CoR@oonnme OCREEa6 o e~ D
I e R e nn el namame dr &
B T R T T T

woNCoN
R R
EESang
R

EtO,C

o

|

LI JJLM S ¢ R W SR

1.013
1.001
0.989

<

Current Data Parameters

NAVE swk5221col
EXPNO 1
PROCNO 1

F? - hequisition Parameters
Date_ 20141106
n 23.19
TNSTRUM spect
PROBED 5 mm CPONP 1H/
PULPROG 2930
65536
cnel3

SOLVENT
NS

Hz
183399 Hz
sec

2
12019.230
018

use

use

TE 298.0 X
sec

1.00000000
1

CHANNET, f1
6

SEOL 1337060 Mdz

NUCL 11

Pl 13.00 use
[l

LB 0.30 Hz
GB 0
PC 1.00

o -

=3 - - o - -
VST ez \ \
F
O =
EtO,C
o_©°
T T T T T T T T T T 1
200 180 160 240 129 10C 8C 60 40 20 ppm
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Current Data Parameters
NAME swk5221col

1

tion Paramet
20141107
12.39

ect
mm CPQNP 11/
29pg30

PROBID 5

PULPROG

u;
298.0 K
2.00000000
0.03000000
1

—= CHANNEL [1 ——
150.9178981

13¢

11.93

30.00000000 @

—— CIANNEL £2 ——

600.1324005 MHz
i
waltzls
20.00 uscc
9.00000000 @
0.26587000 W
0.17016000
¥2 - Processing parameters

150.9028151 MHz

1.00 Hz

1.10



Current Data Para
NAME swkS.

EXPHO
PROCHO 1

F2 Recquisition Parameters
| ‘l ppm  pate 20141108
: i 23,
M o

" = 1
2 83,200 use
10.00 uvse
. 298.0 K
D0 0.00006665 sec
L3 DL 2.00000000 sec
D2 0.30000001 se
D11 0.03000000
D1z 0.00002000 sec
D16 0.00020000 sec
i N0 0.00016640 sac
-4
-= CHANNEL f1 .
FO1 600.1327625 Milz
Nucl 1H
— ¥ PL 13.00 use
L5 P2 26.00 use
v P17 2500.00 use
- PLW1 9.00000000 W
PLW10 2.25000000 W
'. = GRADIENT CHANNEL ===
- 6 GENAM[1] SMSO10.100
GPZ1 40.00 %
P16 1000.00 use
Fl - Acquisition parameters
LT ™ 256
g 1 Q0.
FIDRES L4797 0 Hz
W :
FriMODE
| -8 F2 - Processing parameters
T 1024
3 600.1300151 MH:
2
= 9 L 0 Hz
[
3 1.00
T T T T T T T T 10
10 9 8 7 6 5 4 3 2 1 ppm
328 2832 OZRG3AS8s8a322 2 Current Data Parameters
SRHY 5303 oSonamsnncdnuna 2 NAYE swk5144wash
A R e @ EXPNO 2
NV AN W NV i
F? - Roquisition Peremeters
Date_ 20110919
Time 4.1
TNSTRUM spect
PROBED 5 mm CPQCT 1H/
O PULPROG 2930
D 65536
SOLVENT Acetone
NS 16
O = DS 2
SWE 12019.230 Hz
FIDRES 0.183399 Hz
oMe AQ 2.7262976 sec
RG 25.4
D 11.600 use.
oC 10.00 use
IE 298
D1 1.00000000 sec
TDO
1
SEOL 600.1337060 MHz
NUC1 1
P 10.35 vse
LWl 13.00000000 w
LB 0.30 Hz
GB 0
PC 1.00
S VO | P Y S S Y W . AJL;, ek
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
/ LA
@0 @En b eees @
&~ |oaa S S 5ag ]
oindl e o CHE v Eel
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008

_—133.851
T—132.875

01z
2.118

2
——120.273

——139.
—126

v

oA
HOLC OMe
16a

()~\J/

——101.473

Current Dat
NAME

EXPNO
PROCNO

7

874

F2 - Acqu
Date_
Time
STRUM

— 0.7
——51.90

—a7

I
PROBID 5
PULPROG

—= CHi

—— CIL

P
PLW12
PLW13

¥2 - Proces

T
16C

3

HO,C OH

1a
OH

‘gm

4.650

8C 60

Current Daf
NAME

EXPNO
PROCNO

F2 - hequi
Date_
PROBED 5
PULPROG

™
SOLVENT
NS

a Parameters
swk51d4dwash

1

ion Param
20140919
4.36

pact

mm CPQCI 1H/
29pg30

298.0 K
2.00000000
0.03000000

1

ANNEL [1 ——

150.9178981 MAz
13¢

11.35 u

230.00000000 @

ANNEL £2 ——
600.1324005 MHz
1H

16

wa

90.00 uscc
13.00000000 @

0.17192000 W

0.13925999 W

sing parameters
768

150.9028090 MHz
M

1.00 Hz

1.10

ta Parameters
Swk5292HPLC
1

1

sition Paremeters
20141219
0.0

spect
mm CPONP 1H/
2930
65536

2
12019.230 Hz
0.183399 Hz

262976 sec

11.600 use
10.00 use

sec

298.1
1.00000000
1

HANNRL, 1
600.1337060 Mdz
11

13.00 use
9.00000000 w

1.00
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28 it - © Current Data Parameters
EE = o 3 NAME Swk5292HPLC
0w o - . EXPNO 3
=2 2 3 g i
Voo
20141219
2.57
spect
5 mm CPQNP 1H/
29pg30
D20
3500
1
36057.691 Hz
0.550197 Hz
0.9087659 sec
203
O 13.867 usec
18.00 vsec
TE 298.0 K
2.00000000 sec
o = 0.03000000 sec
1
> OH —— CHANNEL [1 ——
HOZC 150.9178981 MH7
13C
11.00 uscc
1a 30.00000000 @
OH —— CIANNEL £2 —-
HO sFo2 600.1324005 MHz
NUC2 1H
CPDPRG[2 wal. 16
PCPD2 280.00 uscc
PT 5.00000000 @
PLW12 £.26587000 W
PLW13 0.17016000 W
K2 - Processing paramerers
8L 768
s 150.9026548 MAz
e
c
1.00 Hz
°
1.40
T T T T T T T T T T 1
200 180 160 240 129 100 8C 60 40 29 ppm
A Sp- SR e N b e D R Daa Current Data Parameters
R e e Y LT R v 333 NAVE swk5251c01
R N DR B i e i S P D o EXPNO i
\‘\\ % \V W N/ \V EROCNO 1
F2 - Acquisition Parameters
Date_ 20140930
Time 21.0
TNSTRUY
PROBED 5
PULPROG

= OMe

EtO,C OH

S2

C)\\J/()

™
SOLVENT
NS

0
12019.230 Hz
0.183399 Hz
262976 sec
2.
11.600 use
10.00 use
TE 298.0 X
b1 1.00000000 sec
DO 1

CHANNET, f1

SEOL 600.1337060 Mdz
NUCL 11
Pl vse
BLEl 3.00: W
F2 eters
ST
151 Mz
)
0.30 Hz
0

T
9 8 4
/A AN J)
P N (o) ﬁn'u$:§
@ b Nt bt
© @ e iyeied
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N N2ana |1
o)
o = OMe
EtO,C OH
s2
o._°
u I\
T T T T T T T T T 1
200 18C 16C 240 129 10C 8C 60 40 29 ppm
==\ =/
o)
o = OMe
HO,C OH
16b
o_P°
o ,,w;‘luk, e ;,J\—A,JLA;¥7, U A

Parameters
swk5251col
2

Current Data
NAME

1
ion Param

20140930

21.13

INSTRUM spect.
PROBHD 5 mm CPQCI 1H/
PULPROG 29pg30

0.03000000
1

—= CHANNEL [1 ——
150.9178981
13¢

11.35 u
230.00000000 @

—— CIANNEL £2 ——

600.1324005 MHz
i
waltzls
90.00 uscc
13.00000000 @
PLW1Z 0.17182000 W
PLW13 0.13925999 W
¥2 - Processing parameters

768
150.9028187 MHz
Y

1.00 Hz

1.10

Currert Data Parameter:

NAYE swk5286recovered
EXPNO 1
PROCNO 1
F? - hequisition Paremeters
Date_ 20141202
Time 15.54
TNSTRUM spect
PROBED 5 mm CPONP 1H/
PULPROG 2930
65536

™
SOLVENT Acetone
NS 16

2
12019.230 Hz
0.183399 Hz

262976 sec
5
11.600 use
10.00 use
TE 298.0 X
b1 1.00000000 sec
DO 1

CHANNET, f1

SEOL 600.1337060 Mdz
NUCL 11

Pl 13.00 use
BLEl 9.00000000 w
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gy 2 3 ATTIRILEE - P Current Data Parameters
s B O HedQSans g o wo. NAME swk5286recovered
o S 4 orenNdCedn o g T @ EXPX: 2
g R ja s ha g I % -7 PROCNO 1
INSTRUM pect.
PROBHD 5 mm CPQNP 1H/

PULPROG

OMe

HO,C OH
16b

0.0300000C sec
1

—= CHANNEL [1 ——
150.9178981 MAz
13¢

O

o 11.93 u
30.00000000 @
~~
—— CIANNEL £2 ——
600.1324005 MHz
1H

waltzls
20.00 uscc
9.00000000 @
PLW1Z 0.26587000 W
PLW13 0.17016000
¥2 - Processing parameters

768
150.9026735 MHz
M

1.00 Hz

1.10

| Il ‘l |‘ | A |

T T T
200 180 160 240 129 100 80 60 40 29 ppm

SROEISTSERAIBURT 229 < Current Data Parameters
R LDt R R S o NAME Swk5295HPLC
FrEs8o8E8s8sesess “ EXPNO

PROCNO 1

F? - hequisition Parameters
Date_ 20141218
Time 21.01
TNSTRUM spect
PROBED 5 mm CPONP 1H/
PULPROG 2930
™ 65536
SOLVENT HeOD
NS 16

2
12019.230 Hz
0.183399 Hz

oM 262976 sec
o = e 11.600 use
10.00 use
IE 298.1 X
R 01 1.00000000 sec
fﬁ()z(f OH DO 1

CHANNET, f1

SEOL 600.1337060 Mz
1b NUCL bl
Pl 13.00 use
HO OH Ll 9.00000000 w

S78



53

.380

~——173.209
.2

——49.722

2
1

n Parame
20141215
22

13.867 usec
18.00 usec
29 K
2.00000000 sec
0.0300000C sec

1

—= CHANNEL L1 —
Mz,

150.9178981
NU 13¢
Pl 11.93 uscc
P 30.00000000 @

—— CHANNEL £2 ————————
600.1324005 MHz
1H

waltzls
80.00 uscc
000 @

5.00
0. 7000
0.17016000 W

ng

32768
150.9025970 MHz
M

LB 1.00 Hz
GRB o
re 1.40



Comparison of Authentic Shimobashiric Acid A to Synthetic Sample

Authentic Shimobashiric Acid A

Mixed Authentic and Synthetic Sample

Synthetic Shimobashiric Acid A

UL N -

EE NI

S80

Il

I

L ULJML I

0 ppm




SFC Traces

SFC Analysis of 14a

LVWD1 A, Wavelzngth=210 nm of SWHAZ4RAL.D

10,135

Area: 233014

13.542

rea: 23344.0
T

T T
4 &

T
18 min

WD A, Wavelenglh=210 nm of SWIKSHBCOLD

@
@
&
o

Area (mAU*sec)

Area [%]

1642.37

3.5

45339.7

96.5

SFC Analysis of 14b

LMD A, Wavelength=210 nm of SWK.SWKE285.D

o

7320

Area: 2DB08 4

5.888

VWD A, Wavelength=210 nm of SWKISWKE57.D

RT [min]

Area (mAU*sec)

Area [%]

882.346

3.3

8.8

25567.0

96.7




SFC Analysis of 14c

LMD A, Wiavelength=210 nm of SWKS-146.0

Aa7

TArea: 114255

o
q
5
=

rea: 11628 8

LMD A, Wiavelength=210 nm of SWKE-192.0

10,612

Area: 30818.9

2.500

g 135248

RT [min]

Area (mAU*sec)

Area [%]

1352.48

3.3

2 10.6

39818.4

96.7

SFC Analysis of 14d

LYWD1 A, Wawelength=210 nm of SWKIS-261FRA.0

6891

Area: OGTETH g

S\ Auea; 833731

T T
[ 2z 4

VWD A, Wawelngth=210 nm of SWKE156.0

Area (mAU*sec)

Area [%]

373.229

2.2

16464.8

97.8
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HPLC Analysis of 4

4800

1400 o

1200 o

1000

800

500 -

400 -

200

I

T DADT C, 5ig=210,8 Ref=380,100 (G:\KRABBE, SCOTT LAST UPDATED 12:2-201SWHK_FIPRAC.D)

T T
12.5 15

NI

£ 5
T DADT C, 5ig=2108 Ref=360,100 (G:UKRABBE, SCOTT LAST UPDATED 12-2-20190868-1201.0)

Before Recrystallization

2411

£

1800

4400 -

1200 o

1000 o

200 -

800

400 o

200

25 5 75 10
3 DADT C, 5ig=210,& Ref=380,100 (G:UKRABBE, SCOTT LAST UPDATED 12-2-2014087-1501.0)

After Recrystallization

Before Recrystallization

RT [min]

Area (mAU*sec)

Area [%]

15.1

40378.7

89.7

18.4

4623.44

10.3

After Recrystallization

RT [min]

Area (mAU*sec)

Area [%]

15.3

55428.2

92.9

18.4

4209.64

7.1
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