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General Information

Optical rotations were obtained on a Perkin Elmer 241 polarimeter at 589 nm (sodium D
line) using a 10 cm path length and a 1.0 mL volume. Concentrations (c) are given in g/100 mL.
Infrared spectra were recorded on a Nicolet Avatar 360 spectrometer and are reported in
wavenumbers (cm ). Proton nuclear magnetic resonance ("H NMR) spectra were measured on a
Varian VXR-400 (400 MHz) or a Varian INOVA-400 (400 MHz). Carbon nuclear magnetic
resonance (°C NMR) spectra were measured on a VXR-400 (101 MHz) or an INOVA-400 (101
MHz). 'H NMR and C NMR spectra were acquired as solutions in CDCl; and are reported in
parts per million (ppm) downfield () from tetramethylsilane using residual chloroform (CHCls)
as an internal standard set to 6 7.26 and & 77.00, respectively. Proton NMR data are reported in
the form: & (multiplicity, coupling constants, number of protons). Mass spectral data (MS and
HRMS) were recorded on a Kratos MS-80 RFA mass spectrometer by use of chemical ionization
(CI) with methane or electron impact (EI).

Analytical thin-layer chromatography (TLC) was performed using glass-backed 0.25 mm
thickness silica gel 60 (Fys4) plates (EM Science) which were visualized under UV light and/or
staining with ethanolic p-anisaldehyde. Flash chromatography was performed using Merck silica
gel 60 (Kiesegel 60) (E. M. Science; 230—400 mesh ASTM) or similar products from Whatman
Scientific or Sorbent Technologies and pressure was obtained using an airline bleed.

All reagents and solvents were reagent grade and used as received unless noted
otherwise. Bulk grade hexanes and ethyl acetate (EtOAc) for chromatography were distilled
before use. Diethyl ether (Et,O) and tetrahydrofuran (THF) were distilled under nitrogen from

sodium/benzophenone ketyl immediately before use. Methylene chloride (CH,Cl,),
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diisopropylethylamine (DIPEA) and triethylamine (Et;N) were distilled from CaH, under dry air
immediately before use.

Unless otherwise noted, all reactions were conducted in flame or oven-dried glassware
under an atmosphere of argon. All non-volatile samples were pumped to a constant weight under
high vacuum (0.1-0.2 mmHg) at ambient temperature following removal of solvents by rotary

evaporation.
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Experimental Procedures

OH

#\o CO,Me  DIBAL #\o
\)\) o =

© = CH,Cl,, =78 °C
12 s1

(S,Z)-3-(2,2-Dimethyl-1,3-dioxolan-4-yl)prop-2-en-1-ol (S1) Allylic alcohol S1 was prepared
according to the procedure described by Marshall and coworkers.! To a solution of 12 (26.43 g,
142.03 mmol) in CH,Cl, (710 mL) at —78 °C, DIBAL (1.0 M in hexanes, 327 mL, 327 mmol)
was slowly added. The reaction stirred for 1.5 h and was quenched at —78 °C with the addition
of a saturated aqueous solution of sodium potassium tartrate (700 mL). The resulting mixture
warmed to room temperature and stirred overnight. The layers were separated and the aqueous
layer was extracted with CH,Cl,. The organic extracts were combined, dried over anhydrous
Na,SOq, filtered and concentrated to give a colorless oil. Crude product was purified via flash
chromatography (Hexanes/EtOAc (5:2)) providing S1 (22.13 g, 98%) as a clear oil: R, 0.23
(Hexanes/EtOAc (1:1)); [a]p™ +14.1° (¢ 1.18, CHCLy); IR (film) 3404, 2987, 2358, 1372, 1215,
1156, 1059 cm™'; '"H NMR (400 MHz, CDCl3) & 5.78-5.69 (m, 1H), 5.47 (dt, J = 9.4, 1.6 Hz,
1H), 4.78 (m, 1H), 4.24-4.15 (m, 1H), 4.12-4.04 (m, 1H), 4.02 (dd, J = 7.8, 6.3 Hz, 1H), 3.48
(dd, J = 8.6, 7.8 Hz, 1H), 3.00-2.86 (m, 1H), 1.35 (s, 3H), 1.31 (s, 3H); °C NMR (101 MHz,
CDCls) 6 135.1, 129.0, 109.2, 71.7, 69.3, 58.1, 26.5, 25.7; HRMS-CI (calcd. for CgH,;503

[M+H]") 159.1016, found 159.1016.
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OPMB

\;\o OH  PMBCI, NaH \;\o
O\/l\yJ/ DMF, 0 °C to rt 0\/kv¢r
S$1 S2

(S,Z)-4-(3-(4-Methoxybenzyloxy)prop-1-enyl)-2,2-dimethyl-1,3-dioxolane (S2) To a
solution of S1 (19.50 g, 123.27 mmol) in DMF (615 mL) at 0 °C was added NaH (60%
suspension in mineral oil, 5.92 g, 147.92 mmol). The mixture was stirred vigorously for 30
minutes and PMBCI (18.50 mL, 135.60 mmol) was then added dropwise. The solution was
allowed to warm to ambient temperature with stirring overnight. The reaction was quenched
with H,O and was diluted in Et;0. Aqueous layer was extracted with Et,0O (3 x 750 mL) and
combined organic extracts were washed with saturated aqueous NH4Cl and brine. Organic
extracts were dried over MgSOQy, filtered and concentrated in vacuo to give a yellow oil. Crude
product was purified via flash chromatography (Hexanes/EtOAc (17:3)), providing S2 (33.26 g,
97%) as a clear oil: Ry 0.52 (Hexanes/EtOAc (3:1)); [a]p” —9.8° (¢ 1.04, CHCI3); IR (film)
2985, 2360, 2340, 1513, 1248, 1059 cm™'; "H NMR (400 MHz, CDCl3) & 7.31-7.24 (m, 2H),
6.92-6.86 (m, 2H), 5.89-5.74 (m, 1H), 5.71-5.55 (m, 1H), 4.81 (dd, J = 15.1, 7.7 Hz, 1H), 4.46
(d,J =11.5 Hz, 1H), 4.44 (d, J = 11.5 Hz, 1H), 4.09 (dd, J = 6.4, 1.3 Hz, 2H), 4.05 (dd, J = 8.1,
6.2 Hz, 1H), 3.81 (s, 3H), 3.55 (app. t, J = 8.0 Hz, 1H), 1.43 (s, 3H), 1.39 (s, 3H); *C NMR (101
MHz, CDCl3) & 159.2, 130.6, 130.5, 130.0, 129.3 (2 C), 113.7 (2 C), 109.2, 71.9, 71.8, 69.3,

65.1, 55.1, 26.6, 25.8; HRMS-CI (calcd. for Ci¢H»104 [M—-H]) 277.1434, found 277.1433.

OPMB OPMB
\%:g\v/r 1M HCI OH
© =z MeOH, rt HO =

S2 S3
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(S,Z)-5-(4-Methoxybenzyloxy)pent-3-ene-1,2-diol (S3) To a solution of S2 (33.26 g, 119.49
mmol) in MeOH (400 mL) was added HCI (1.0 M in H,0O, 200 mL, 200 mmol). The reaction
was allowed to stir for 3 h and was then neutralized with the slow addition of NaOH (1.0 M in
H,0, 200 mL, 200 mmol). The solution was extracted with CH,ClI, (4 x 500 mL) and combined
organic extracts were dried over anhydrous MgSQOy, filtered and concentrated in vacuo to give an
opaque oil. Crude product was purified via flash chromatography (Et;,O/MeOH (40:1)),
providing S3 (28.46 g, 100%) as a white solid: Ry 0.11 (Hexanes/EtOAc (1:3)); [a]p”! +4.5° (¢
0.91, CHCL); IR (film) 3386 (br), 2932, 2862, 1612, 1514, 1249, 1073, 1033 cm'; '"H NMR
(400 MHz, CDCl3) & 7.30-7.24 (m, 2H), 6.92-6.86 (m, 2H), 5.84-5.76 (m, 1H), 5.67-5.58 (m,
1H), 4.53—4.44 (m, 3H), 4.14 (ddd, J = 12.4, 6.3, 1.1 Hz, 1H), 4.05 (ddd, 12.4, 5.9, 0.9 Hz, 1H),
3.82 (s, 3H), 3.64-3.55 (m, 1H), 3.55-3.47 (m, 1H), 2.59 (br. s, 1H), 2.03 (br. s, 1H)); °C (101
MHz, CDCls) 8 159.2, 131.9, 129.6, 129.4 (2 C), 129.2, 113.7 (2 C), 72.1, 68.6, 65.9, 65.4, 55.1;

HRMS-CI (calcd. for C;3H;904 [M+H]") 239.1273, found 239.1278

OH OPMB TBSCI, imidazole OH OPMB

HO = TBSO =

DMAP, CH,Cl,, rt
S3 13

(S,Z)-1-(tert-Butyldimethylsilyloxy)-5-(4-methoxybenzyloxy)pent-3-en-2-ol (13) To a
solution of S3 (25.73 g, 107.98 mmol) in CH,Cl, (540 mL) at 0 °C was added imidazole (9.56 g,
140.48 mmol), followed by TBSCI (16.27 g, 107.98 mmol). The mixture was allowed to slowly
warm to room temperature and was stirred for an additional 8 h. The reaction was quenched
with the addition of saturated aqueous NaHCO; and aqueous layer was extracted with CH,Cl, (3

x 500 mL). The combined organic extracts were dried over anhydrous MgSOQ,, filtered and
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concentrated in vacuo to give a clear oil. The crude product was purified via flash
chromatography (Hexanes/EtOAc (17:3)), providing 13 (35.48 g, 93%) as a clear oil: Ry 0.26
(Hexanes/EtOAc (3:1)); [o]p”* +22.8° (c. 0.98, CHCI3); IR (film) 3430 (br), 2928, 2856, 1613,
1513, 1464, 1249, 1073 cm™'; "H NMR (400 MHz, CDCl3) § 7.29-7.24 (m, 2H), 6.91-6.85 (m,
2H), 5.81-5.72 (m, 1H), 5.60-5.52 (m, 1H), 4.45-4.38 (m, 3H), 4.164.04 (m, 2H), 3.81 (s, 3H),
3.56 (dd, J = 10.0, 3.9 Hz, 1H), 3.45 (dd, J = 10.0, 8.0 Hz, 1H), 2.63 (d, /= 2.8 Hz, 1H), 0.90 (s,
9H), 0.07 (s, 6H); >C NMR (101 MHz, CDCls), 8 159.2, 131.4, 130.1, 129.9, 129.4 (2 C), 113.8
(2 C), 72.0, 68.5, 66.8, 65.6, 55.2, 25.8 (3 C), 18.3, —5.3, —5.4; HRMS-CI (calcd. for C;9H3304Si

[M+H]") 353.2143, found 353.2154.

O CHs
: 14 O CHs
OH OPMB HOJ\/\/\)\ W

o HY

TBSO = EDCI, DMAP, CH,Cl,  1BS
0°Ctort - \/K:ﬁOPMB
13 15
(R)-((S,Z)-1-(tert-Butyldimethylsilyloxy)-5-(4-methoxybenzyloxy)pent-3-en-2-yl) 3,7-

dimethyloct-6-enoate (15) To a solution of 13 (28.24 g, 80.10 mmol) in CH,ClI, (400 mL) was
added (R)-citronellic acid (14) (15.00 g, 88.11 mmol). The solution was chilled to 0 °C and
EDCI (46.07 g, 240.3 mmol) was added, followed by DMAP (11.74 g, 96.12 mmol). The
reaction was allowed to slowly warm to ambient temperature with stirring overnight. Saturated
aqueous NH4CI (400 mL) was added and the layers were separated. The aqueous layer was
extracted with Et;0O and combined organic extracts were dried over anhydrous MgSQy, filtered
and concentrated in vacuo to afford a slightly yellow oil. The crude product was purified via
flash chromatography, (Hexanes/EtOAc (19:1)), providing 15 (39.15 g, 97%) as a clear oil: Ry

0.68 (Hexanes/EtOAc (3:1)); [o]p>> —22.4° (¢ 0.91, CHCLs); IR (film) 2928, 2856, 1736, 1513,
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1249 cm™'; "H NMR (400 MHz, CDCls) & 7.30-7.24 (m, 2H), 6.91-6.84 (m, 2H), 5.80 (dt, J =
11.7, 6.3 Hz, 1H), 5.60-5.53 (m, 1H), 5.52-5.46 (m, 1H), 5.13-5.05 (m, 1H), 4.45 (d, J = 11.4
Hz, 1H), 4.44 (d, J = 11.4 Hz, 1H), 4.25-4.14 (m, 2H), 3.79 (s, 3H), 3.69 (dd, J = 10.9 Hz, 7.0
Hz, 1H), 3.63 (dd, J = 10.9, 4.7 Hz, 1H), 2.30 (dd, J = 14.9, 6.3 Hz, 1H), 2.11 (dd, J = 14.9, 8.6
Hz, 1H), 2.06-1.90 (m, 3H), 1.68 (s, 3H), 1.60 (s, 3H), 1.41-1.30 (m, 1H), 1.29-1.15 (m, 1H),
0.94 (d, J= 6.6 Hz, 3H), 0.88 (s, 9H), 0.05 (s, 6H); *C NMR (101 MHz, CDCl;) & 172.2, 159.1,
131.7, 131.3, 130.2, 129.3 (2 C), 127.5, 124.2, 113.7 (2 C), 72.0, 70.7, 66.0, 64.6, 55.1, 41.9,
36.7, 30.0, 25.7 (3 C), 25.6, 25.3, 19.5, 18.2, 17.5, =5.5 (2 C); HRMS-CI (calcd. for C,0H4705Si

[M-H]") 503.3187, found 503.3208.

O CHs TMSCI, EtsN, THF, —78 °C
o - _ then LDA, THF, 78 °C
TBSO,
%JOPMB then reflux

15

(2S,3R)-2-((R,E)-6-(tert-Butyldimethylsilyloxy)-1-(4-methoxybenzyloxy)hex-4-en-2-yl)-3,7-

dimethyloct-6-enoic acid (16) To a solution of 15 (1.02 g, 2.02 mmol) in THF (40 mL) at -78
°C was added a premixed solution of Et;N (1.30 mL, 9.09 mmol) and TMSCI (1.30 mL, 10.10
mmol). The solution was allowed to stir for 5 min and then a solution of LDA (1.0 M in THF,
3.03 mL, 3.03 mmol) was pre-cooled to -78 °C and was added dropwise via cannula. The
reaction was allowed to stir for 90 min and then at ambient temperature for 2 h. Additional THF
(20 mL) was added, and the reaction was heated to reflux for 2 h. The solution was cooled to
ambient temperature and diluted in EtOAc (50 mL) and brine (50 mL). The layers were
separated and the aqueous layer was extracted with EtOAc (3 x 25 mL). The combined organic

extracts were dried over anhydrous Na,SQOs, filtered and concentrated in vacuo. The crude
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product was purified via flash chromatography, (Hexanes/EtOAc (9:1 to 4:1)), providing 16 (871
mg, 85%) as a clear oil: Ry 0.09 (Hexanes/EtOAc (17:3)); [a]p>> +11.6° (c 1.01, CHCLy); IR
(film) 2956, 2929, 2856, 1703, 1514, 1249 cm™'; 'H NMR (400 MHz, CDCl3) & 7.27-7.22 (m,
2H), 6.89—6.84 (m, 2H), 5.73 (dd, J = 15.5, 8.9 Hz, 1H), 5.65 (dt, J = 15.4, 4.8 Hz, 1H), 5.11—
5.03 (m, 1H), 4.43 (d, J = 11.5 Hz, 1H), 4.40 (d, J = 11.6 Hz, 1H), 4.19-4.07 (m, 2H), 3.80 (s,
3H), 3.49-3.38 (m, 2H), 2.79-2.71 (m, 1H), 2.59 (t, J = 7.2 Hz, 1H), 2.08-1.88 (m, 2H), 1.87—
1.73 (m, 1H), 1.67 (s, 3H), 1.60 (s, 3H), 1.54-1.42 (m, 1H), 1.22-1.10 (m, 1H), 0.94 (d, J = 6.7
Hz, 3H), 0.89 (s, 9H), 0.05 (s, 6H); >°C NMR (101 MHz, CDCl3) & 179.3, 159.1, 132.4, 131.5,
130.3,129.2 (2 C), 128.3, 124.3, 113.7 (2 C), 72.8, 71.5, 63.7, 55.2, 51.0, 41.8, 34.3, 31.6, 25.9
(3 Q), 25.7, 25.2, 18.4, 17.6, 16.4, 5.1, =5.2; HRMS-CI (calcd. for CaoH40sSi [M+H]")

505.3344, found 505.3349.

DDQ, CH2C|2, 0 OC;

EDCI, DMAP, CH,Cl,

18

(3S,4R)-4-((E)-3-(tert-butyldimethylsilyloxy)prop-1-enyl)-3-((R)-6-methylhept-5-en-2-

ylh)dihydrofuran-2(3H)-one (18) To a solution of acid 16 (15 mg, 0.030 mmol) in CH,Cl,/H,O
(300 pL, 18:1) at 0 °C was added DDQ (17.6 mg, 0.078 mmol) in a single portion. The reaction
was stirred for 3 h and was then quenched with saturated aqueous NH4Cl (1 mL). The mixture
was diluted in CH,Cl, (5 mL) and the layers were separated. The organic layer was dried over

anhydrous Na,SOy, filtered and concentrated in vacuo to give a yellow residue. The residue was

dissolved in CH,Cl, (1 mL) and excess EDCI and DMAP were added. After 1 h, TLC analysis
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revealed complete consumption of the starting material and the reaction was diluted in CH,Cl, (3
mL) and washed with saturated aqueous NH4Cl (2 x 5 mL) and brine (2 x 5 mL). The organic
layer was then dried over anhydrous MgSOQy, filtered and concentrated in vacuo to give a yellow
film. The crude product was purified via flash chromatography, (Hexanes/EtOAc (9:1)),
providing 18 (8.1 mg, 73%) as a clear oil: [a]p*? +55.2° (¢ 0.21, CHCL); IR (film) 2956, 2928,
2856, 1776, 1128 cm™'; '"H NMR (400 MHz, CDCl3) & 5.78-5.68 (m, 2H), 5.12-5.06 (m, 1H),
4.31 (A of ABX, Jag = 9.0 Hz, Jax = 6.8 Hz, 1H), 4.20—4.17 (m, 2H), 4.08 (B of ABX, Jga =9.0
Hz, Jgx = 5.1 Hz, 1H), 3.32-3.26 (m, 1H), 2.51 (dd, J = 8.1, 6.7 Hz, 1H), 2.10-2.01 (m, 1H),
2.01-1.99 (m, 1H), 1.99-1.78 (m, 1H), 1.70 (s, 3H), 1.61 (s, 3H), 1.35-1.26 (m, 2H), 1.13 (d, J
= 6.6 Hz, 3H), 0.93 (s, 9H), 0.09 (s, 6H); °C NMR (101 MHz, CDCl3) & 177.7, 133.8, 131.9,
125.1,124.2,71.5, 63.2, 48.5, 42.6, 35.2, 30.9, 26.1, 25.9, 25.4, 18.6, 17.9, 16.9, —5.1; HRMS-CI

(caled. for C;H3305Si [M+H]") 367.2668, found 367.2672.

K,COs, CHl

DMF, 0 °C

16 S4
(2S,3R)-Methyl 2-((R,E)-6-(tert-butyldimethylsilyloxy)-1-(4-methoxybenzyloxy)hex-4-en-2-
yD)-3,7-dimethyloct-6-enoate (S4) To a solution of 16 (319 mg, 0.63 mmol) in DMF (3.15
mmol) at 0 °C was added anhydrous K,CO; (157 mg, 1.14 mmol), followed by CH3I (0.18 mL,
2.84 mmol). The reaction mixture was allowed to warm to ambient temperature with stirring for
2 h and was then diluted in CH,Cl, and washed with saturated aqueous NH4Cl. The aqueous

layer was extracted with CH,Cl, (3 x 10 mL) and the combined organic extracts were washed
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with H,O, dried over anhydrous Na,SOy, filtered and concentrated in vacuo to give a yellow oil.
The crude product was purified via flash chromatography (Hexanes/EtOAc (19:1)) providing S4
(320 mg, 97%) as a clear oil: Ry 0.41 (Hexanes/EtOAc (17:3)) [a]p”’ +11.0° (¢ 1.10, CHCLy); IR
(film) 2953, 2929, 2855, 1733, 1514, 1249 cm'; 'H NMR (400 MHz, CDCls) & 7.27-7.20 (m,
2H), 6.89-6.83 (m, 2H), 5.72 (dd, J = 15.5, 8.8 Hz, 1H), 5.61 (dt, J = 15.5, 4.8 Hz, 1H), 5.12—
5.02 (m, 1H), 4.45-4.35 (m, 2H), 4.12 (br. d, J = 4.8 Hz, 2H), 3.80 (s, 3H), 3.57 (s, 3H), 3.44—
3.33 (m, 2H), 2.78-2.66 (m, 1H), 2.58 (t, J = 7.4 Hz, 1H), 2.06-1.86 (m, 2H), 1.83—-1.71 (m,
1H), 1.67 (s, 3H), 1.60 (s, 3H), 1.49-1.35(m, 1H), 1.19-1.02 (m, 1H), 0.93-0.86 (m, 12H), 0.05
(s, 6H); °C NMR (101 MHz, CDCLy) & 174.4, 159.1, 132.1, 131.5, 130.5, 129.1 (2 C), 128.9,
124.4, 113.7 (2 C), 72.8, 71.5, 63.8, 55.3, 51.1, 50.8, 42.1, 34.5, 31.9, 25.9 (3 C), 25.7, 25.2,
18.4, 17.6, 16.2, —5.2 (2 C); HRMS-CI (caled. for C3Hs0sSi [M+H]") 519.3500, found

519.3507.

DIBAL

CH,Cl, , =78 °C

S4

(2S,3R)-2-((R,E)-6-(tert-Butyldimethylsilyloxy)-1-(4-methoxybenzyloxy)hex-4-en-2-yl)-3,7-
dimethyloct-6-en-1-0l (S5) To a solution of S4 (862 mg, 1.66 mmol) in CH,Cl, (33.2 mL) at —
78 °C was added DIBAL (1.0 M in Hexanes, 4.98 mL, 4.98 mmol) slowly. The reaction was
stirred for 1.5 h and then was quenched at —78 °C with the addition of a saturated aqueous
solution of sodium potassium tartrate (30 mL). The resulting mixture was allowed to stir
overnight, after which time, the layers were separated and the aqueous layer was extracted with
CH,CI; (3 x 50 mL). Organic extracts were combined, dried over anhydrous Na,SO,, filtered

and concentrated to give a colorless oil. Crude product was purified via flash chromatography
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(Hexanes/EtOAc (9:1)) providing S5 (813 mg, 100%) as a clear oil: Ry 0.19 (Hexanes/EtOAc
(17:3)); [ap> +27.9° (0.88, CHCL:); IR (film) 3448 (br), 2928, 2855, 1513, 1249 cm™'; 'H NMR
(400 MHz, CDCl3) & 7.26-7.21 (m, 2H), 6.90-6.86 (m, 2H), 5.79 (dd, J = 15.5, 9.1 Hz, 1H),
5.66 (dt, J = 15.5, 5.1 Hz, 1H), 5.11-5.04 (m, 1H), 4.48-4.39 (m, 2H), 4.14 (br. d, J = 5.0 Hz,
2H), 3.80 (s, 3H), 3.66-3.55 (m, 2H), 3.51 (dd, J = 9.1, 5.4 Hz, 1H), 3.48 (dd, J = 9.1, 5.1 Hz,
1H), 2.59-2.48 (m, 2H), 2.07-1.84 (m, 2H), 1.67 (s, 3H), 1.65-1.55 (m, 2H), 1.59 (s, 3H), 1.48—
1.36 (m, 1H), 1.28-1.16 (m, 1H), 0.90 (s, 9H), 0.88 (d, J = 6.7 Hz, 3H), 0.06 (s, 6H); *C NMR
(101 MHz, CDCl3) & 159.2, 131.3 (2 C), 130.9, 130.0, 129.3 (2 C), 124.6, 113.8 (2 C), 73.2,
72.9, 63.7, 61.7,55.2,47.1, 44.0, 35.3, 33.6, 259 (3 C), 25.8, 25.7, 18.3, 17.7, 16.4, 5.2 (2 C);

HRMS-ESI (calcd. for Co9Hs004SiNa [M+Na]") 513.3376, found 513.3352.

PivCl, pyr, DMAP

CH,Cl,,0°Ctort TBSO
S5 S6
(2S,3R)-2-((R,E)-5-(tert-Butyldimethylsilyloxy)-1-(4-methoxybenzyloxy)pent-3-en-2-yl)-3,7-
dimethyloct-6-enyl pivalate (S6) To a solution of S5 (994 mg, 2.03 mmol), pyridine (0.82 mL,
10.14 mmol), and DMAP (50 mg, 0.41 mmol) in CH,Cl, (20 mL) at 0 °C was added pivaloyl
chloride (1.25 mL, 10.14 mmol). The mixture was allowed to slowly warm to ambient
temperature and was stirred for 5 h. The reaction was diluted with CH,Cl, (50 mL) and
saturated, aqueous NH4Cl (30 mL) was added. The aqueous layer was then separated and
extracted with CH,Cl, (3 x 50 mL). The combined organic extracts were dried over anhydrous
NaSO,, filtered and concentrated in vacuo. The crude product was purified via flash

chromatography (Hexanes/EtOAc (9:1)), providing S6 (1.11g, 95%) as a colorless oil: Ry 0.42
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(Hexanes/EtOAc (17:3)); [a]p? +17.0° (c 1.01, CHCls); IR (film) 2957, 2929, 2856, 1727, 1514,
1249 cm™'; 'H NMR (400 MHz, CDCL3) § 7.25-7.20 (m, 2H), 6.89-6.83 (m, 2H), 5.61-5.56 (m,
2H), 5.12-5.06 (m, 1H), 4.42 (d, J = 11.9 Hz, 1H), 4.41 (d, J = 11.9 Hz, 1H), 4.18-4.10 (m, 2H),
4.09-3.99 (m, , 2H), 3.80 (s, 3H), 3.46 (d, J = 5.9 Hz, 2H), 2.63-2.53 (m, 1H), 2.07-1.85 (m,
2H), 1.84-1.77 (m, 1H), 1.72-1.65 (m, 1H), 1.67 (s, 3H), 1.59 (s, 3H), 1.49-1.36 (m, 1H), 1.35-
1.22 (m, 1H), 1.17 (s, 9H), 0.92-0.86 (m, 12 H), 0.05 (s, 6H); '*C NMR (101 MHz, CDCls)
5178.3,159.0, 131.6, 131.2, 130.5, 130.1, 129.0 (2 C), 124.5, 113.6 (2 C), 72.6, 72.1, 63.7, 63.4,
55.1,42.8, 41.8, 38.5, 35.4, 32.6, 27.1 (3 C), 25.9 (3 C), 25.7, 25.6, 18.3, 17.6, 16.2, -5.2 (2 C);

HRMS-CI (calcd for C34Hs705Si [M-H]") 573.3970, found 573.3979.

DDQ, pH 7.0 buffer

CH,CI,, 0 °C
S6 19
(2S,3R)-2-((R,E)-5-(tert-Butyldimethylsilyloxy)-1-hydroxypent-3-en-2-yl)-3,7-dimethyloct-
6-enyl pivalate (19) To a solution of S6 (1.42 g, 2.47 mmol) in CH,Cl, (25 mL) and pH 7.0
buffer (2.5 mL) at 0 °C was added DDQ (841 mg, 3.71 mmol) in one portion to give a green
suspension. The reaction was stirred for 10 min and then warmed to ambient temperature. After
2 h, the orange reaction mixture was diluted by the addition of saturated aqueous NaHCO;. The
layers were separated and the aqueous layer was then extracted with CH,Cl, (3 x 50 mL). The
combined organic extracts were combined, dried over anhydrous Na,SO,, filtered and
concentrated in vacuo.  The crude product was purified via flash chromatography
(Hexanes/EtOAc (9:1)), providing 19 (853 mg, 76%) as a colorless oil: R, 0.19 (Hexanes/EtOAc

(17:3)); [a]p’* +7.9° (c 0.82, CHCls); IR (film) 3479 (br), 2958, 2929, 2857, 1729, 1159 cm™;
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'H NMR (400 MHz, CDCl3)  5.67 (td, J = 15.4, 4.8 Hz, 1H), 5.50 (dd, J = 15.4, 9.5 Hz, 1H),
5.09-5.02 (m, 1H), 4.16-4.12 (m, 2H), 4.10 (dd, J = 11.7, 4.6 Hz, 1H), 4.01 (dd, J = 11.61, 5.18
Hz, 1H), 3.72-3.63 (m, 1H), 3.54-3.42 (m, 1H), 2.48 (ddd, J = 14.6, 8.8, 6.0 Hz, 1H), 2.10-1.85
(m, 2H), 1.85-1.72 (m, 1H), 1.72-1.60 (m, 2 H), 1.67 (s, 3H), 1.59 (s, 3H), 1.49-1.35 (m, 1H),
1.32-1.23 (m, 1H), 1.21-1.13 (m, 9H), 0.91 (d, J = 6.7 Hz, 3H), 0.89 (s, 9H), 0.05 (s, 6H); "*C
NMR (101 MHz, CDCLy) & 178.5, 133.9, 131.5, 129.0, 124.4, 64.3, 63.5, 63.4, 45.8, 42.1, 38.6,
35.2,33.0,27.2 (3 C), 25.9 (3 C), 25.7, 25.6, 18.3, 17.7, 16.2, =5.2 (2 C); HRMS-CI (calcd for

C,6Hs104Si [M+H]") 455.3551, found 455.3560.

o @)
HJ\OH
EDCI, DMAP, CH,Cl,
O°Ctort TBSO
19 S7

(2S,3R)-2-((R,E)-5-(tert-Butyldimethylsilyloxy)-1-(formyloxy)pent-3-en-2-yl)-3,7-

dimethyloct-6-enyl pivalate (S7) Formic acid (90 pL, 1.93 mmol), EDCI (1.00 g, 5.24 mmol),
and DMAP (257 mg, 2.10 mmol) were sequentially added to a solution of alcohol 19 (795 mg,
1.75 mmol) in CH,Cl, (20 mL) at 0 °C. The reaction was allowed to warm to ambient
temperature and was then stirred for 3 h. The reaction mixture was diluted in saturated aqueous
NH4Cl1 (10 mL). The layers were immediately separated and the aqueous layer was extracted
with CH,Cl, (3 x 20 mL). The combined organic extracts were washed with water (30 mL) and
brine (30 mL) and then dried over anhydrous Na,SOy, filtered and concentrated in vacuo. The
crude product was purified via flash chromatography (Hexanes/EtOAc (97:3)), providing S7

(814 mg, 96%) as a colorless oil: Ry 0.44 (Hexanes/EtOAc (17:3)); [a]p™? +7.9° (¢ 0.95, CHCly);

S-14
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IR (film) 2958, 2929, 2857, 1729, 1156 cm'; '"H NMR (400 MHz, CDCl5) & 8.04 (s, 1H), 5.63
(dt, J = 15.4, 4.7 Hz, 1H), 5.54 (dd, J = 15.4, 8.9 Hz, 1H), 5.13-5.01 (m, 1H), 4.28-4.15 (m,
2H), 4.10 (d, J =4.4 Hz, 2H), 4.08-3.99 (m, 2H), 2.74-2.55 (m, 1H), 2.10-1.85 (m, 2H), 1.76—
1.68 (m, 1H), 1.68-1.58 (m, 1H), 1.65 (s, 3H), 1.57 (s, 3H), 1.46-1.33 (m, 1H), 1.33-1.21 (m,
1H), 1.17 (m, 9H), 0.92 (d, J = 6.9 Hz, 3H), 0.91-0.87 (s, 9H), 0.19-0.08 (s, 6H); '*C NMR (101
MHz, CDCl;) 8 178.2, 160.7, 133.1, 131.5, 127.9, 124.2, 65.7, 63.3, 63.1, 41.9, 41.8, 38.5, 35.2,
32.6, 27.1 (3 C), 25.8 (3 C), 25.6, 25.6, 18.3, 17.6, 16.1, —5.3, —5.3; HRMS-CI (calcd for

C7Hs,05Si [M+H]") 483.3500, found 483.3517.

TBAT, AcOH, THF
O°Ctort

S7 S8
(2S,3R)-2-((R,E)-1-(Formyloxy)-5-hydroxypent-3-en-2-yl)-3,7-dimethyloct-6-enyl pivalate
(S8) Acetic acid (1.52 mL, 26.58 mmol) and tetrabutylammonium triphenyldifluorosilicate
(TBAT, 9.37 g, 17.36 mmol) were sequentially added to a solution of S7 (4.19 g, 8.68 mmol) in
THF (90 mL) at 0 °C. The reaction was then allowed to warm to ambient temperature and was
stirred for 12 h. The reaction was quenched with the addition of water (40 mL) and was diluted
in Et;O (100 mL). The aqueous layer was then separated and extracted with Et,O (3 x 50 mL).
The combined organic extracts were washed with water (2 x 50 mL) and brine (2 x 50 mL) and
then dried over anhydrous Na,SQOs, filtered and concentrated in vacuo. The crude product was
purified via flash chromatography (Hexanes/EtOAc (4:1)), providing S8 (3.17 g, 99%) as a

colorless oil: R, 0.16 (Hexanes/EtOAc (3:1)); [a]p? +2.9° (¢ 0.90, CHCl;); IR (film) 3431,
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2964, 2917, 1723, 1715, 1157 cm™'; 'H NMR (400 MHz, CDCl5) & 8.01 (s, 1H), 5.68 (td, J =
15.4, 5.5 Hz, 1H), 5.54 (dd, J = 15.4, 9.2 Hz, 1H), 5.08-4.99 (m, 1H), 4.22-4.13 (m, 3H), 4.12-
3.99 (m, 4H), 2.67-2.56 (m, 1H), 2.07-1.84 (m, 3H), 1.76-1.68 (m, 1H), 1.68-1.60 (m, 1H), 1.65
(s, 3H), 1.57 (s, 3H), 1.45-1.33 (m, 1H), 1.32-1.23 (m, 1H), 1.15 (s, 9H), 0.90 (d, J = 6.9 Hz,
3H);"*C NMR (101 MHz, CDCls) & 178.5, 160.9, 132.7, 131.6, 130.2, 124.1, 65.5, 63.1, 62.9,
41.9,41.9,38.6,35.3,32.4,27.1 (3 C), 25.6, 25.6, 17.6, 16.0; HRMS-CI (calcd for C2,H3504 [M-

OH]") 351.2530, found 351.2526.

1) CBry, CH,Cly, rt

2) CrCly, THF, rt
S8 22
(2S,3R)-2-((3S,4S)-5-Hydroxy-4-vinyltetrahydrofuran-3-yl)-3,7-dimethyloct-6-enyl pivalate
(22) To a solution of CBr4 (2.34 g, 7.05 mmol) and PPh; (2.44 g, 9.31 mmol) in CH,Cl, (10
mL) at 0 °C was added a solution of S8 (980 mg, 2.66 mmol) in CH,Cl, (17 mL). The reaction
was allowed to stir for 20 min and was then diluted in hexanes (50 mL) and passed through a
plug of silica gel followed by a wash with 15% EtOAc in hexanes (100 mL). The filtrate was
concentrated in vacuo and then dissolved in THF (175 mL). To the solution was added CrCl,
(689 mg, 5.61 mmol), resulting in a green-gray suspension. After 10 h, the purple homogeneous
solution was quenched with water (150 mL) and then diluted in EtOAc (200 mL). The aqueous
layer was separated and extracted with EtOAc (3 x 200 mL). The combined organic extracts
were then dried over anhydrous Na,SOy, filtered and concentrated in vacuo. The crude product
was purified via flash chromatography (Hexanes/EtOAc (17:3)), providing 22 (863 mg, 92%) as
a 2:1 mixture of inseparable C-19 diastereomers: R, 0.26 (Hexanes/EtOAc (3:1)); IR (film) 3424

(br), 2965, 2930, 1727, 1480, 1284, 1157 cm™'; '"H NMR (400 MHz, CDCl3) & 5.86-5.64 (m,



Williams, Walsh, Miller Supporting Information

1H), 5.29 (dd, J = 4.2, 3.4 Hz, 0.3H), 5.23-4.98 (m, 3.7H), 4.25 (t, J = 8.3 Hz, 0.3H), 4.15-3.99
(m, 2.7H), 3.77 (dd, J = 9.8, 8.6 Hz, 0.7H), 3.64 (t, J = 8.2 Hz, 0.3H), 2.71-2.49 (m, 1.3H),
2.33-2.21 (m, 0.7H), 2.02—1.86 (m, 2H), 1.83-1.74 (m, 0.7H), 1.71-1.61 (m, 0.3H), 1.66 (s, 3H),
1.58 (s, 3H), 1.52-1.24 (m, 3H), 1.19-1.14 (m, 9H), 0.91-0.84 (m, 3H); °C NMR (101 MHz,
CDCls) § 178.3, 138.7, 136.6, 131.6, 124.1, 117.4, 116.4, 103.8, 100.5, 72.0, 71.0, 63.0, 62.8,
56.2, 53.6, 44.9, 44.8, 44.3, 40.7, 38.5, 35.9, 35.7, 33.7, 33.6, 27.2, 25.9, 25.8, 25.6, 17.7, 25.9,

15.6; HRMS-CI (calcd for Cp1H3503 [M-OH]") 335.2581, found 335.2572.

PPTs, MeOH
rt

H,CO

22 23
(2S,3R)-2-((3S,4S)-5-methoxy-4-vinyltetrahydrofuran-3-yl)-3,7-dimethyloct-6-enyl pivalate
(23) To a solution of lactol 22 (440 mg, 1.25 mmol) in MeOH (13 mL) at ambient temperature
was added PPTs (32 mg, 0.125 mmol). After stirring for 12 h, the reaction solution was diluted
in Et;O (25 mL) and washed with H,O (3 x 15 mL) and brine (15 mL). The organic layer was
dried over Na,;SOys, filtered and concentrated in vacuo. The crude product was purified via flash
chromatography (Hexanes/EtOAc (19:1)), providing 23 (456 mg, 100%) as a 58:42 inseparable
mixture of C-19 diastereomers: Ry 0.87 (Hexanes/EtOAc (3:1)); IR (film) 2966, 2927, 1729,
1283, 1159, 1033 cm™'; "H NMR (400 MHz, CDCls) & 5.83-5.66 (m, 1H), 5.17-4.98 (m, 3H),
4.79 (d, J = 4.1 Hz, 0.4H), 4.72 (d, J = 2.2 Hz, 0.6H), 4.19-3.98 (m, 3H), 3.70-3.65 (m, 0.4H),
3.61 (dd, J = 10.1, 8.5 Hz, 0.6H), 3.34 (s, 0.6H), 3.32 (s, 0.4H), 2.61-2.54 (m, 1.4H), 2.25 (tt, J
= 10.2, 7.4 Hz, 0.6H), 2.04-1.86 (m, 2.4H), 1.81-1.72 (m, 0.6H), 1.68 (s, 3H), 1.60 (s, 3H),

1.54-1.44 (m, 1H), 1.42-1.27 (m, 2H), 1.20-1.17 (m, 9H), 0.90 (d, J = 7.0 Hz, 1.2H), 0.89 (d, J
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= 6.9 Hz, 1.8H); >C NMR (101 MHz, CDCl3) § 178.2, 139.1, 136.8, 131.6, 124.2, 124.1, 116.8,
115.9, 110.5, 107.3, 71.8, 70.8, 63.0, 62.8, 55.5, 54.9, 54.6, 53.6, 45.1, 44.9, 44.3, 41.1, 38.5,
35.9, 35.7, 33.7, 33.6, 27.2 (3 C), 25.9, 25.8, 25.6, 17.6, 15.9, 15.6; HRMS-CI (calcd for

CH3,04 [M-H]") 365.2686, found 365.2670.

TIPSOTf, 2,6-lutidine TIPSO

CH,Cl,, 0°C H/

OPiv
22 24

(2S,3R)-3,7-Dimethyl-2-((3S,4S,5S)-5-(triisopropylsilyloxy)-4-vinyltetrahydrofuran-3-
yDoct-6-enyl pivalate (24) To a solution of lactol 22 (2.43 g, 6.89 mmol) in CH,Cl, (70 mL) at
0 °C were added 2,6-lutidine (3.20 mL, 27.57 mmol) and TIPSOTf (3.72 mL, 13.79 mmol). The
reaction was allowed to stir at 0 °C for 90 minutes and was then diluted in CH,Cl, (50 mL) and
brine (50 mL). The layers were separated and the aqueous layer was extracted with CH,Cl, (3 x
50 mL). The combined organic extracts were dried over anhydrous Na,SOg, filtered and
concentrated in vacuo.  The crude product was purified via flash chromatography
(Hexanes/EtOAc (50:1)), providing 24 (3.16 g, 90%) as a 91:9 mixture of inseparable C-19
diastereomers. The major diastereomer was characterized as follows: Ry 0.82 (Hexanes/EtOAc
(3:1)); IR (film) 2963, 2941, 2867, 1730, 1157 cm™'; '"H NMR (400 MHz, CDCl3) & 5.72 (dt, J =
17.1, 9.8 Hz, 1H), 5.22 (d, J = 1.4 Hz, 1H), 5.14-5.03 (m, 2H), 5.02-4.96 (m, 1H), 4.10 (d, J =
4.1 Hz, 2H), 4.05 (t, J = 7.9 Hz, 1H), 3.77 (t, J = 8.9 Hz, 1H), 2.69-2.57 (m, 1H), 2.27-2.16 (m,
1H), 2.05-1.89 (m, 2H), 1.87-1.79 (m, 1H), 1.68 (s, 3H), 1.60 (s, 3H), 1.55-1.45 (m, 1H), 1.42—
1.24 (m, 2H), 1.22-1.15 (m, 9H), 1.12-1.01 (m, 21H), 0.88 (d, J = 7.0 Hz, 3H); *C NMR (101

MHz, CDCl3) 6 178.3, 139.7, 131.6, 124.2, 115.7, 103.8, 70.8, 63.2, 58.0, 44.8, 44.5, 38.6, 35.8,
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33.6, 27.2 (3 C), 25.9, 25.7, 17.8 (4 C), 17.7 (3 C), 15.6, 12.0 (3 C); HRMS-ESI (calcd for

C0Hs604SiNa [M+Na]") 531.3846, found 531.3843.

TIPSO DIBAL, CH,Cl,

H

TIPSO

OPiv —78°C =
24 S9

(2S,3R)-3,7-Dimethyl-2-((3S,4S,5S)-5-(triisopropylsilyloxy)-4-vinyltetrahydrofuran-3-

yDoct-6-en-1-0l (S9) To a solution of alcohol 24 (3.36 g, 6.60 mmol) in CH,Cl, (140 mL) at -
78 °C was added DIBAL (1.0 M in hexanes, 16.51 mL, 16.51 mmol). The reaction was allowed
to stir for 1 h and was then quenched at -78 °C with the addition of a saturated aqueous solution
of potassium sodium tatrate (200 mL). Mixture was warmed to ambient temperature and stirred
vigorously overnight. The layers were separated and the aqueous layer was extracted with
CH,CI; (3 x 200 mL). Combined organic extracts were dried over anhydrous Na,SO,, filtered
and concentrated in vacuo. The crude product was purified via flash chromatography
(Hexanes/EtOAc (19:1)), providing S9 (2.70g, 96%) as a 91:9 mixture of inseparable C-19
diastereomers. The major diastereomer was characterized as follows: R, 0.64 (Hexanes/EtOAc
(3:1)); IR (film) 3438 (br), 2940, 2866, 2360, 2342, 1457, 1027 cm ; 'H NMR (400 MHz,
CDCl3) & 5.81 (dt,J =17.2,9.5 Hz, 1H), 5.26-5.21 (m, 1H), 5.21-5.03 (m, 3H), 4.05 (t, J = 8.1
Hz, 1H), 3.88-3.77 (m, 1H), 3.77-3.63 (m, 2H), 2.77-2.67 (m, 1H), 2.24-2.13 (m, 1H), 2.10—
1.81 (m, 3H), 1.68 (s, 3H), 1.63-1.55 (m, 1H), 1.59 (s, 3H), 1.54—-1.35 (m, 2H), 1.34-1.23 (m,
1H), 1.14-1.01 (m, 21H), 0.87 (d, J = 6.8 Hz, 3H); °C NMR (101 MHz, CDCl5) & 140.3, 131.5,
124.4, 115.9, 104.0, 71.5, 61.5, 57.1, 47.5, 45.4, 35.7, 34.0, 26.0, 25.7, 17.9, 17.8 (3 C), 17.7, (3

C), 15.7, 12.0 (3 C); HRMS-ESI (caled for C,sHas05SiNa [M+Na]") 447.3270, found 447.3256.
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TPAP, NMO

4A MS, CH,Cl,
S9 25

(2S,3R)-3,7-Dimethyl-2-((3S,4S,5S)-5-(triisopropylsilyloxy)-4-vinyltetrahydrofuran-3-

yDoct-6-enal (25) To a solution of alcohol S9 (381 mg, 0.90 mmol, 10:1 mixture of C-19
diastereomers) in CH,Cl, (9.0 mL) were added powdered, activated 4A MS (500 mg) and NMO
(157 mg, 1.34 mmol). The suspension was allowed to stir for 10 min and then TPAP (31 mg,
0.09 mmol) was added in one portion. The reaction was allowed to stir for 45 minutes and was
then filtered through a plug of silica gel. The filtrate was concentrated in vacuo to give a dark oil
that was purified via flash chromatography (Hexanes/EtOAc (49:1)), providing 25 (375 mg,
99%) as a 91:9 inseparable mixture of diastereomers. The major diastereomer was characterized
as follows: Ry 0.62 (Hexanes/EtOAc (17:3)); IR (film) 2924, 2866, 1723, 1463, 1027 cm '; 'H
NMR (400 MHz, CDCls) 6 9.70 (d, J = 3.6 Hz, 1H), 5.80-5.64 (m, 1H), 5.23 (d, J = 1.4 Hz,
1H), 5.13-4.97 (m, 3H), 4.144.03 (m, 1H), 3.82-3.71 (m, 1H), 2.59-2.42 (m, 3H), 2.08-1.96
(m, 2H), 1.74-1.65 (m, 1H), 1.68 (s, 3H), 1.60 (s, 3H), 1.51-1.37 (m, 1H), 1.35-1.18 (m, 1H),
1.12-1.01 (m, 21H), 1.01-0.95 (m, 3H) ; C NMR (101 MHz, CDCLs) §205.2, 138.2, 132.1,
123.7, 116.7, 103.4, 69.7, 59.0, 58.1, 42.4, 35.7, 33.6, 25.7, 25.6, 17.8 (3 C), 17.7 3 C), 17.7

15.4,11.9 (3 C); HRMS-CI (caled for CysHy705Si [M+H]") 423.3289, found 423.3286.

S-20
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X
PSS TIPSO

Et,0, —20 °C

25 27
(4R,5S,6R)-6,10-Dimethyl-5-((3S,4S,5S)-5-(triisopropylsilyloxy)-4-vinyltetrahydrofuran-3-
yDundec-9-en-1-yn-4-0l (27) Allenylmagnesium bromide was prepared according to the
procedure described by Kleinschroth and coworkers.” To a 2-neck round-bottom flask was added
a stir bar, freshly polished magnesium turnings (750 mg, 30.73 mmol), and HgCl, (17 mg, 0.06
mmol). The flask was fitted with a condenser and placed under high-vacuum. The system was
then flame-dried, cooled and back-filled with argon. To the flask were added Et,O (50 mL) and
propargyl bromide (80% in toluene, 1.20 mL, 10.80 mmol). The reaction was heated to reflux to
initiate Grignard formation and then cooled to -20 °C. Additional propargyl bromide (80% in
toluene, 1.70 mL, 15.30 mmol) was added and reaction was stirred for 1 h. Next, a solution of
aldehyde 25 (2.57 g, 6.09 mmol, 10:1 mixture of C-19 diastereomers) in Et,0O (120 mL) was
added over 30 minutes (syringe pump). The reaction was allowed to stir an additional 2 h and
was the quenched with saturated aqueous ammonium chloride (100 mL). Mixture was warmed
to ambient temperature and stirred vigorously until complete consumption of magnesium was
observed. The aqueous layer was then extracted with Et,0O (3 x 100 mL) and the combined
organic extracts were dried over anhydrous Na,SOy, filtered and concentrated in vacuo. The
crude product was purified via flash chromatography (Hexanes/EtOAc (50:1)), providing 27 as a
single diastereomer and the other C-4 and C-19 diastereomers as an inseparable mixture
(combined yield: 2.70g, 96%): R, 0.33 (Hexanes/EtOAc (17:3)); [a]p>* +24.2° (¢ 0.95, CHCL);
IR (film) 3460 (br), 3312, 2942, 2926, 2866, 1463, 1025 cm™'; '"H NMR (400 MHz, CDCls)

85.72 (td, J = 17.7,9.4 Hz,1H), 5.23 (d, J = 2.0 Hz, 1H), 5.13-5.06 (m, 3H), 4.06 (t, J = 8.0 Hz,

S-21
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1H), 3.99-3.92 (m, 1H), 3.90 (dd, J = 9.6, 8.6 Hz, 1H), 2.58 (ddd, J = 9.2, 7.6, 1.6 Hz, 1H), 2.45
(ddd, J = 16.6, 7.9, 2.6 Hz, 1H), 2.34 (ddd, J = 16.6, 5.3, 2.6 Hz, 1H), 2.28-2.17 (m, 1H), 2.24
(d, J = 4.5 Hz, 1H), 2.03 (t, J = 2.55 Hz, 1H), 2.00-1.90 (m, 2H), 1.76-1.66 (m, 2H), 1.68 (s,
3H), 1.60 (s, 3H), 1.33-1.16 (m, 2H), 1.16-0.99 (m, 21H), 0.95 (d, J = 6.9 Hz, 3H); '°C NMR
(101 MHz, CDCly) & 139.4, 131.7, 124.3, 116.6, 103.0, 81.3, 70.7, 70.6, 69.0, 57.5, 46.5, 43.8,
36.0, 32.1, 27.0, 26.1, 25.7, 17.9 (3 C), 17.8 (3 C), 17.7, 17.4, 12.0 (3 C) ; HRMS-ESI (calcd for

C13Hs5003SiNa [M+Na]") 485.3427, found 485.3438.

MTPA, (COCI), TIPSO = OMTPA

DMF

2 7
General Procedure for the Formation of C-4 Mosher Esters (S10): To a solution of (S)-(—)-
a-methoxy-a-trifluoromethylphenylacetic acid (19 mg, 0.081 mmol) and DMF (10 uL, 0.081
mmol) in hexanes (4 mL) was added oxalyl chloride (70 pL, 0.081 mmol) at ambient
temperature. The reaction was allowed to stir for 2 h and was then filtered and concentrated in
vacuo. The acid chloride was then placed under argon and a solution of alcohol 27 (15 mg,
0.032 mmol) in CH,Cl, (4 mL) was added via syringe, followed by DMAP (20 mg, 0.162
mmol). The reaction was allowed to stir for 12 h and was then diluted in H,O (3 mL) and
CH,Cl; (3 mL). The layers were separated and the aqueous layer was extracted with CH,Cl, (3 x
5 mL). The combined organic extracts were then dried over anhydrous Na,SOs, filtered and

concentrated in vacuo to give the crude (S)-Mosher ester (5)-S10. In a separate flask, (R)-(+)-o-

S-22
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methoxy-a-trifluoromethylphenylacetic acid was employed in an identical procedure to give (R)-
S10. Both esters were then used in crude form for IH-NMR analysis :

Selected Proton Shifts:

(5)-S10: 'H NMR (400 MHz, CDCl3) & 5.62 (ddd, J = 17.1, 9.8, 9.6 Hz, 1H, H(e)), 5.30-5.23
(m, 1H, H(a)), 5.15 (d, J = 2.4 Hz, 1H H(f)), 3.76 (dd, J = 7.9, 7.8 Hz, 1H, H(c)), 3.53 (dd, J =
10.1, 8.4 Hz, 1H, H(d)), 2.55 (ddd, J = 16.5, 6.6, 2.5 Hz, 1H, H(g)), 1.98 (dd, J = 2.5, 2.5 Hz,
1H, H(h)), 0.44 (d, J = 7.0 Hz, 3H, H(b))

(R)-S10: '"H NMR (400 MHz, CDCl3) 8 5.63 (ddd, J = 17.1, 9.8, 9.6 Hz, 1H, H(e)), 5.35-5.28
(m, 1H, H(a)), 5.16 (d, J = 2.4 Hz, 1H, H(f)), 3.79 (dd, J = 7.7, 7.7 Hz, 1H, H(c)), 3.69-3.63 (m,
1H, H(d)), 2.37 (ddd, J = 16.5, 8.0, 2.6 Hz, 1H, H(g)), 1.93 (dd, J = 2.6, 2.5 Hz, 1H, H(h)), 0.73

(d,J = 7.0 Hz, 1H, H(b))

Proton d¢ (Hz) op (Hz) Ad (85—0p)

a 2105 2126 21
b 176 293 =117
c 1505 1517 -12
d 1412 1464 =52
e 2248 2251 -3
OMTPA
f 2058 2065 =7
""""l"""" g 1025 944 +81
H h 793 770 +23
Model proposed by Kakisawa?® )
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H

H X
19 AlMes, CpoZrCl R
TIPSO\\\ 3 p2 2 M“‘:r “\‘H
. 18
CH20I2, then |2 0% g
H
27 29

(1R,3R,4S,58S,8S)-4-((R)-6-methylhept-5-en-2-yl)-3-(prop-2-ynyl)-8-vinyl-2,7-

dioxabicyclo[3.2.1]octane (29) To a solution of Cp,ZrCl, (100 mg, 0.34 mmol) in CH,Cl, (0.85
mL) was added neat AIMes (100 pL, 1.03 mmol). The resulting yellow solution was allowed to
stir for 20 min at ambient temperature and was then cooled to —25 °C. Next, H,O (6 pL, 0.34
mmol) and a solution of homopropargylic alcohol 27 (80 mg, 0.17 mmol) in CH,Cl, (0.75 mL)
were added sequentially and the reaction was left to stir at —25 °C for 18 h and then —5 °C for 6
h. The reaction was then cooled to —20 °C and a solution of I, (431 mg, 1.7 mmol) in THF (1.7
mL) was added dropwise. The resulting mixture was warmed to 0 °C over 1 h and then
quenched with the addition of ice. The mixture was diluted in saturated, aqueous K,COs and
then stirred for 30 min. The layers were separated and the aqueous layer was extracted with
CH2CI2 (3 x 3 mL). The combined organic extracts were dried over anhydrous Na,SOy, filtered
and concentrated to give an orange oil. The crude product was purified via flash
chromatography (Hexanes/EtOAc (49:1)), providing 29 (31 mg, 62%) as a colorless oil: Ry 0.35
(Hexanes/EtOAc (17:3)); [a]p>> +59.8° (¢ 0.67, CHCls); IR (film) 3310, 2964, 2925, 1085 cm™';
'H NMR (400 MHz, CDCl3) 8 5.66 (ddd, J = 17.5, 10.4, 7.3 Hz, 1H), 5.27 (s, 1H), 5.19 (dt, J =
17.4, 1.1 Hz, 1H), 5.12 (dt, J = 10.3, 1.1 Hz, 1H), 5.10-5.04 (m, 1H), 3.99 (dd, J = 8.2, 4.4 Hz,
1H), 3.68 (d, J = 8.2 Hz, 1H), 3.68-3.61 (m, 1H), 2.77 (d, J = 7.2 Hz, 1H), 2.54 (ddd, J = 17.0,
5.1, 2.6 Hz, 1H), 2.44 (ddd, J = 17.0, 6.1, 2.6 Hz, 1H), 2.29 (br. d, J = 4.3 Hz, 1H), 2.16-2.04

(m, 1H), 2.03 (t, J = 2.6 Hz, 1H), 1.98-1.86 (m, 1H), 1.76-1.70 (m, 1H), 1.70 (s, 3H), 1.61 (s,
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3H), 1.62-1.50 (m, 2H), 1.23-1.11 (m, 1H), 1.00 (d, J = 6.8 Hz, 3H); >*C NMR (101 MHz,
CDCl3) § 134.8, 132.0, 124.1, 116.9, 101.5, 81.3, 73.0, 70.0, 68.7, 52.5, 45.9, 38.1, 34.2, 31.9,

26.1,25.7 (2 C), 18.1, 17.7; HRMS-CI (calcd for C1oH0, [M+H]") 289.2162, found 289.2162.

TBSOTf, 2,6-lutidine TIPSO

CH20|2, O°Ctort

tert-Butyl((4R,5S,6R)-6,10-dimethyl-5-((3S,4S,5S)-5-(triisopropylsilyloxy)-4-

vinyltetrahydrofuran-3-yl)undec-9-en-1-yn-4-yloxy)dimethylsilane (S11) To a solution of
alcohol 27 (169 g, 0.37 mmol) in CH,Cl, (8.0 mL) at 0 °C were added 2,6-lutidine (0.51 mL,
4.38 mmol) and TBSOTT (0.49 mL, 1.83 mmol), sequentially. The reaction was then warmed to
ambient temperature and stirred for an additional 3 h. The reaction was quenched with the
addition of H,O (10 mL), the layers were separated, and the aqueous layer was extracted with
CH,CI; (3 x 15 mL). The combined organic extracts were washed with a saturated aqueous
solution of CuSO4 (3 x 15 mL), H,O (20 mL) and brine (10 mL), dried over anhydrous Na,SOy,
filtered and concentrated in vacuo. The crude product was purified via flash chromatography
(Hexanes/EtOAc (99:1)), providing S11 (196 mg, 93%) as a colorless oil: Ry 0.70
(Hexanes/EtOAc (17:3)); [o]p™ +22.0° (¢ 0.96, CHCls); IR (film) 3314, 2929, 2866, 2360, 2340,
1464, 1095 cm™'; "H NMR (400 MHz, CDCl3) & 5.72 (td, J = 17.0, 9.8 Hz, 1H), 5.21 (d, J = 2.4
Hz, 1H), 5.14-5.05 (m, 3H), 4.06-3.99 (m, 2H), 3.84 (dd, J = 10.3, 8.5 Hz, 1H), 2.51 (dt, J =

9.1, 2.2 Hz, 1H), 2.35 (ddd, J = 16.5, 7.6, 2.6 Hz, 1H), 2.27 (ddd, J = 16.5, 6.0, 2.6 Hz, 1H),
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2.21-2.09 (m, 1H), 2.04-1.95 (m, 2H), 1.92 (t, J = 2.6 Hz, 1H), 1.89-1.84 (m, 1H), 1.84-1.73 (m,
1H), 1.68 (s, 3H), 1.60 (s, 3H), 1.48-1.33 (m, 1H), 1.29-1.14 (m, 1H), 1.14-0.97 (m, 21H), 0.93
(d, J = 7.0 Hz, 3H), 0.88 (s, 9H), 0.10 (s, 3H), 0.06 (s, 3H); >°C NMR (101 MHz, CDCl;)
§139.2, 131.4, 124.5, 116.5, 102.7, 81.9, 71.3, 70.1, 59.0, 46.6, 44.6, 35.8, 30.7, 26.1, 26.0 (3
C), 25.7, 25.6, 19.1, 18.1, 17.9 (3 C), 17.8 (3 C), 17.7, 12.0 (3 C), —3.9, —4.3; HRMS-CI (calcd

for C34He303Si, [M-H]") 575.4310, found 575.4318.

\\\OTBS Me3SisnBU3, Pd(PPh3)4 TIPSO

THF, reflux

tert-Butyl((4R,5S,6R,Z)-6,10-dimethyl-2-(tributylstannyl)-5-((3S,4S,5S)-5-
(triisopropylsilyloxy)-4-vinyltetrahydrofuran-3-yl)-1-(trimethylsilyl)undeca-1,9-dien-4-
yloxy)dimethylsilane (30) To a solution of alkyne S11 (195 g, 0.34 mmol) in THF (3.5 mL)
were added Me;SiSnBuj (0.59 mL, 1.69 mmol) and Pd(PPhs)4 (78 mg, 0.07 mmol), sequentially.
The reaction was heated to reflux for 12 h and then cooled to ambient temperature, diluted in
hexanes (10 mL) and filtered through a plug of silica. The filtrate was concentrated in vacuo to
give crude 30 as a orange oil. The crude product was purified via flash chromatography
(Hexanes/EtOAc (99:1)), providing 30 (271 mg, 85%) as a colorless oil: Ry 0.41
(Hexanes/EtOAc (19:1)); [o]p> +24.9° (¢ 1.24, CHCls); IR (film) 2956, 2971, 2867, 1463, 1247,
1047 cm™'; "TH NMR (400 MHz, CDCl3) § 6.46 (s, 1H), 5.67 (dt, J = 17.1, 9.8 Hz, 1H), 5.18 (d,
J =2.5Hz, 1H), 5.15-4.96 (m, 3H), 4.24-4.17 (m, 1H), 4.07 (t, J/ = 7.9 Hz, 1H), 3.87 (dd, J =

10.4, 8.6 Hz, 1H), 2.51 (ddd, J = 18.4, 9.2, 2.3 Hz, 1H), 2.48-2.34 (m, 2H), 2.22-2.11 (m, 1H),
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2.10-1.98 (m, 1H), 1.98-1.79 (m, 2H), 1.71-1.63 (m, 1H), 1.67 (s, 3H), 1.60 (s, 3H), 1.56-1.39
(m, 7H), 1.39-1.25 (m, 7H), 1.11-1.03 (m, 21H), 0.99-0.85 (m, 27H), 0.13-0.06 (m, 15H); *C
NMR (101 MHz, CDCl3) § 162.2, 145.0, 139.6, 131.2, 124.7, 116.6, 102.7, 71.1, 70.2, 59.2,
44.9,36.5, 30.9, 29.3,29.2 (3 C), 29.1, 27.5 (3 C), 26.3, 26.2 (3 C), 25.6, 19.5, 18.2, 17.9 (3 C),
17.8 (3 C), 17.7, 13.6 (3 C), 12.1 (3 C), 11.4 (3 C), 0.4 (3 C), -3.4, -3.6; HRMS-CI (calcd for

C4oHo903Si3Sn [M-H]") 939.5918, found 939.5945.

l,, CH,Cly, —40 °C TIPSO™

tert-Butyl((4R,5S,6R,Z)-2-i0d0-6,10-dimethyl-5-((3S,4S,5S)-5-(triisopropylsilyloxy)-4-

vinyltetrahydrofuran-3-yl)-1-(trimethylsilyl)undeca-1,9-dien-4-yloxy)dimethylsilane (S12)
Di-#-butyl-4-methylpyridine (187 mg, 0.91 mmol) and I, (77 mg, 0.30 mmol) were sequentially
added to a solution of vinylstannane 30 (286 mg, 0.30 mmol) in CH,ClI, (6.0 mL) at -40 °C. The
reaction was allowed to stir for 3 h and was then quenched with a saturated aqueous solution of
NayS,;05 (10 mL). The layers were separated and the aqueous layer was extracted with CH,Cl,
(3 x 15 mL). The combined organic extracts were dried over anhydrous Na,SOy, filtered and
concentrated in vacuo.  The crude product was purified via flash chromatography
(Hexanes/EtOAc (199:1)), providing S12 (220 mg, 93%) as a colorless oil: R, 0.55
(Hexanes/EtOAc (19:5)); [a]p™> +23.8° (c, CHCIL); IR (film) 2927, 2865, 2360, 1463, 1249,
1028 cm™'; '"H NMR (400 MHz, CDCls) 8 6.40 (s, 1H), 5.73 (td, J = 17.0, 9.8 Hz, 1H), 5.20 (d,

J=2.5Hz, 1H), 5.15-5.03 (m, 3H), 4.17 (t, J = 6.6 Hz, 1H), 4.06 (t, J = 7.9 Hz, 1H), 3.86 (dd, J
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=104, 8.7 Hz, 1H), 2.65 (d, J = 6.6 Hz, 2H), 2.47 (dt, J = 9.3, 2.3 Hz, 1H), 2.22-2.11 (m, 1H),
2.03-1.89 (m, 2H), 1.87-1.77 (m, 1H), 1.68 (s, 3H), 1.66-1.63 (m, 1H), 1.61 (s, 3H), 1.47-1.35
(m, 1H), 1.31-1.19 (m, 1H), 1.11-1.04 (m, 21H), 0.95 (d, J = 6.9 Hz, 3H), 0.90-0.85 (s, 9H),
0.16 (s, 9H), 0.15 (s, 3H), 0.11 (s, 3H); *C NMR (101 MHz, CDCls) & 141.6, 139.8, 131.7,
124.7, 118.6, 117.3, 102.5, 70.7, 69.9, 59.4, 56.1, 45.3, 37.1, 30.4, 30.2, 26.4 (3 C), 26.2, 25.9,
19.4, 18.3, 18.1 (3 C), 18.0 (3 C), 18.0, 12.3 (3 C), —1.1 (3 C), -3.3, -3.5; HRMS-CI (calcd for

C37H7,05Si31 [M-H]") 775.3828, found 775.3812.

\\\OTBS MelLi, Cul, THF TIPSO

-20°C

tert-Butyldimethyl((4R,5S,6R,E)-2,6,10-trimethyl-5-((3S,4S,5S)-5-(triisopropylsilyloxy)-4-

vinyltetrahydrofuran-3-yl)-1-(trimethylsilyl)undeca-1,9-dien-4-yloxy)silane (S13) To a
flame-dried flask under argon was added Cul (2.61 g, 13.72 mmol) and Et,O (13.5 mL). The
suspension was then cooled to -20 °C and MeLi (1.6 M in Et;,0, 17.3 mL, 27.70 mmol) was
added dropwise. Next, a solution of vinyl iodide S12 (2.09 g, 2.69 mmol) in Et,0O (13.5 mL) was
added dropwise via syringe. The reaction was allowed to warm slowly to 0 °C and then stirred
an additional 1 h at this temperature. Filtration through a plug of silica gel and concentration of
the filtrate provided crude S13 as a yellow oil. The crude product was purified via flash
chromatography (Hexanes/EtOAc (99:1)), providing S13 (1.73g, 98%) as a colorless oil: R/ 0.55

(Hexanes/EtOAc (19:1)); [o]p?® +32.4° (c 1.13, CHCLy); IR (film) 2956, 2866, 1463, 1248, 836

cm '; '"H NMR (400 MHz, CDCl;) 8 5.72 (td, J = 17.0, 9.8 Hz, 1H), 5.22 (s, 1H), 5.19 (d, J =
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2.4 Hz, 1H), 5.13-5.02 (m, 3H), 4.06 (t, J = 7.8 Hz, 1H), 4.03-3.97 (m, 1H), 3.85 (dd, J = 10.4,
8.6 Hz, 1H), 2.49 (dt, J = 9.4, 2.1 Hz, 1H), 2.29-2.10 (m, 3H), 2.05-1.88 (m, 2H), 1.87-1.79 (m,
1H), 1.74 (s, 3H), 1.68 (s, 3H), 1.66-1.62 (m, 1H), 1.60 (s, 3H), 1.37-1.24 (m, 1H), 1.19-0.99
(m, 22H), 0.94 (d, J = 7.0 Hz, 3H), 0.88 (s, 9H), 0.09-0.04 (m, 15H); *C NMR (101 MHz,
CDCl3) 8 151.8, 139.7, 131.5, 127.7, 124.6, 116.8, 102.6, 70.9, 70.1, 59.4, 48.5, 44.9, 36.4, 30.2,
30.0, 26.2 (3 C), 26.1,25.7,22.2,19.6,18.1,17.9 3 C), 17.8 3 C), 17.7, 12.1 (3 C), 0.0 (3 C), —

3.8, -3.9; HRMS-CI (caled for C37H7305Si3 [M-CH3]") 649.4862, found 649.4842.

TIPSO

tert-butyl((4R,5S,6R,E)-1-iodo-2,6,10-trimethyl-5-((3S,4S,5S)-5-(triisopropylsilyloxy)-4-

vinyltetrahydrofuran-3-yl)undeca-1,9-dien-4-yloxy)dimethylsilane (31) To a solution of
vinylsilane S13 (1.73 g, 2.60 mmol) in CH3CN (52 mL) was added NIS (878 mg, 3.90 mmol).
The reaction flask was capped, covered in tin foil, and stirred for 12 h. A saturated aqueous
solution of Na,S,0;3 (40 mL) was then added and the mixture was diluted in EtOAc (50 mL).
The layers were separated and the aqueous layer was extracted with EtOAc (3 x 50 mL). The
combined organic extracts were dried over anhydrous Na,SOy, filtered and concentrated. The
crude product was purified via flash chromatography (Hexanes/EtOAc (199:1)), providing 31
(1.54g, 82%) as a colorless oil: Ry 0.66 (Hexanes/EtOAc (9:1)); [a]p +36.4° (¢ 0.99, CHCly);
IR (film) 2928, 2865, 1638, 1463, 1255, 1047 cm™'; '"H NMR (400 MHz, CDCl3) & ; °C NMR

(101 MHz, CDCls) & 144.9, 140.1, 131.9, 124.6, 117.0, 102.9, 78.8, 70.6, 70.5, 59.8, 45.0, 35.8,
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30.1, 26.4, 262 (3 C), 25.9, 24.5, 20.5, 18.2, 18.1 (3 C), 18.0 (6 C), 12.2 (3 C), -3.8, -3.9;
HRMS-CI (caled for C3sHgsO5Si1 [M-H]") 717.3590, found 717.3619.

1) 9-BBN, THF, rt;

1”Nyotes
CH; 32

PdC'z(dppf), CSQCO3,

AsPh;, DMF, THF, H,O
2) TBAT, AcOH, THF

then

> H3CO

23

1) Ip, PPhg, imid. CH,Cl,

2) H3COSOQN8

DMF, rt

> H3CO

(2S,3R)-2-((3S,4S)-5-methoxy-4-((E)-4-methyl-5-tosylpent-3-enyl)tetrahydrofuran-3-yl)-

3,7-dimethyloct-6-enyl pivalate (S15) To a solution of 9-BBN dimer (91 mg, 0.37 mmol) in
THF (0.9 mL), was added a solution of alkene 23 (137 mg, 0.37 mmol) in THF (0.6 mL). After
stirring for 3 h at ambient temperature, TLC analysis revealed complete consumption of 23 and
H,0O (0.1 mL) was added. The resulting mixture was allowed to stir vigorously for 15 min and
was then transferred via cannula to a flask containing vinyl iodide 32* (175 mg, 0.56 mmol),
PdCly(dppf) (61 mg, 0.2 mmol), Cs,CO;5 (244 mg, 0.75 mmol), and AsPh; (23 mg, 0.075 mmol)
in H,O (0.2 mL) and DMF (2.5 mL). The reaction was allowed to stir for 2 h and was then
diluted in Et,0 (10 mL) and washed with H,O (3 x 5 mL) and brine (5 mL). The organic layer
was then dried over anhydrous Na,SOy, filtered and concentrated in vacuo to give an orange oil
which was taken up in THF (2.2 mL) and cooled to 0 °C. To the solution were added AcOH (40
pL, 0.72 mmol) and TBAT (287 mg, 0.53 mmol). The reaction was allowed to warm slowly and
was stirred overnight at ambient temperature. Dilution with H,O (3 mL) and CH,Cl, (5 mL) was

followed by separation of the layers and extraction of the aqueous layer with CH,Cl, (3 x 5 mL).
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The combined organic extracts were then dried over anhydrous Na,SOg, filtered and
concentrated in vacuo to afford crude S14 as an orange oil. Filtration through a plug of silica gel
then gave S14 (92 mg, 56% from 23) as an oil of moderate purity that could be utilized without
further purification in the next reaction.

S14: "H NMR (400 MHz, CDCl3) & 5.44-5.35 (m, 1H), 5.10-5.02 (m, 1H), 4.86 (d, J = 4.7 Hz,
0.4H), 4.69 (br. s, 0.6H), 4.21-4.13 (m, 1H), 4.06-3.95 (m, 4H), 3.64 (dd, J = 8.4, 6.5 Hz, 0.4H),
3.56 (dd, J = 8.9, 8.6 Hz, 0.6H), 3.35 (s, 1.2H), 3.32 (s, 1.8H), 2.20-1.85 (m, 7H), 1.78-1.55 (m,
3H), 1.68 (s, 3H), 1.65 (s, 3H), 1.60 (s, 3H), 1.53-1.30 (m, 2H), 1.21-1.17 (m, 9H), 0.94-0.84
(m, 3H).

Imidazole (23 mg, 0.33 mmol), PPh; (67 mg, 0.26 mmol) and I, (84 mg, 0.33 mmol) were
sequentially added to a solution of alcohol S14 (56 mg, 0.128 mmol) in CH,Cl, (2.6 mL) at 0 °C.
The reaction was allowed to stir for 10 min in the dark and was then diluted in hexanes and
passed through a plug of silica gel. The filtrate was washed with saturated, aqueous Na;S,0s,
dried over anhydrous Na;SOs, filtered and concentrated in vacuo. The resulting oil was then
taken up in DMF (2.6 mL) and sodium tolylsulfinate was added. The reaction was covered in
aluminum foil, stirred overnight, diluted in Et,O (15 mL), and washed with H,O (3 x 10 mL) and
brine (15 mL). The organic layer was then dried over anhydrous Na,SO,, filtered and
concentrated in vacuo.  The crude product was purified via flash chromatography
(Hexanes/EtOAc (17:3)), providing S15 (63 mg, 86% from S14) as a 58:42 inseparable mixture
of C-19 diastereomers: Ry 0.58 (Hexanes/EtOAc (3:1)); IR (film) 2921, 1725, 1480, 1456, 1316,
1285, 1157, 1033 cm™'; "H NMR (400 MHz, CDCls) & 7.74-7.69 (m, 2H), 7.34-7.30 (m, 2H),
5.12-5.01 (m, 2H), 4.78 (d, J = 4.7 Hz, 0.4H), 4.63 (d, J = 0.9 Hz, 0.6H), 4.09-3.96 (m, 3H),

3.71-3.67 (m, 2H), 3.63 (dd, J = 8.5, 6.6 Hz, 0.4H), 3.55 (dd, J = 8.9, 8.9 Hz, 0.6H), 3.32 (s,
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1.2H), 3.30 (s, 1.8H), 2.44 (s, 3H), 2.20-2.09 (m, 0.6H), 2.08-1.77 (m, 6.4H), 1.74 (s, 1.2H),
1.73 (s, 1.8H), 1.68 (s, 3H), 1.59 (s, 3H), 1.64—1.55 (m, 1H), 1.44-1.20 (m, 4H), 1.78-1.64 (m,
9H), 0.87 (d, J = 6.9 Hz, 1.2H), 8.86 (d, J = 6.8 Hz, 1.8H); *C NMR (101 MHz, CDCl;)
8 178.4, 144.4, 135.8, 135.1, 131.8, 131.7, 129.6, 128.5, 124.2, 123.8, 109.8, 105.4, 70.8, 70.4,
66.2, 63.8, 63.7, 54.6, 45.4, 49.6, 47.1, 44.9, 44.5, 44.4, 42.6, 38.7, 36.3, 35.9, 33.4, 33.3, 29.7,
28.2, 272, 27.0, 26.0, 25.8, 25.7, 21.6, 17.7, 16.8, 16.6, 15.8, 15.4; HRMS-CI (calcd for

C3,H4905S [M—OCH;]") 545.3295, found 545.3275.

DIBAL, HaCO

CH,Cl,, =78 °C

(2S,3R)-2-((3S,4S)-5-methoxy-4-((E)-4-methyl-5-tosylpent-3-enyl)tetrahydrofuran-3-yl)-

3,7-dimethyloct-6-en-1-0l (S16) To a solution of S15 (73 mg, 0.126 mmol) in CH,Cl, (2.5 mL)
at —78 °C was added DIBAL (1.0M in Hexanes, 316 uL, 0.316 mmol). The reaction was
allowed to stir for 30 min and was then quenched at —78 °C with a saturated aqueous solution of
sodium potassium tartrate (3 mL). The mixture was allowed to warm to ambient temperature
and was then allowed to stir vigorously for 3 h. The layers were separated and the aqueous layer
was extracted with CH,Cl, (3 x 10 mL). The combined organic extracts were then dried over
anhydrous Na,SOy, filtered and concentrated in vacuo. The crude product was purified via flash
chromatography (Hexanes/EtOAc (3:1)), providing S16 (61 mg, 98%) as a 58:42 inseparable
mixture of C-19 diastercomers: Ry 0.63 (Hexanes/EtOAc (1:1)); IR (film) 3504 (br), 2923,

1457, 1314, 1133, 1086 cm™'; 'H NMR (400 MHz, CDCl3) § 7.75-7.71 (m, 2H), 7.35-7.31 (m,
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2H), 5.26-5.19 (m, 1H), 5.11-5.04 (m, 1H), 4.79 (d, J = 4.7 Hz, 0.4H), 4.65 (d, J = 0.5 Hz,
0.6H), 4.05-3.97 (m, 1H), 3.73-3.57 (m, 5H), 3.33 (s, 1.2H), 3.32 (s, 1.8H), 2.4 (s, 3H), 2.19—
1.84 (m, 7H), 1.73 (s, 1.2H), 1.71 (s, 1.8H), 1.68 (s, 3H), 1.60 (s, 3H), 1.61-1.24 (m, 6H), 0.89—
0.83 (m, 3H); °C NMR (101 MHz, CDCL) § 144.5, 136.3, 136.0, 135.9, 135.5, 131.6, 131.6,
129.6, 128.5, 124.4, 1243, 123.9, 123.4, 109.9, 105.6, 76.3, 71.4, 71.2, 66.3, 62.0, 61.9, 54.6,
54.4,48.4, 479, 47.8, 46.4, 45.3, 42.6, 36.4, 35.8, 34.0, 33.3, 27.9, 27.1, 27.0, 26.0, 25.9, 25.7,
21.6,17.7, 16.8, 16.7, 15.8, 15.4; HRMS-CI (caled for Co7Hy104S [M—OCH;]") 461.2720, found

461.2702.

DMP, Pyr. H3CO

CH,Cl, 0 °C
SO, Tol

(2S,3R)-2-((3R,4S)-5-methoxy-4-((E)-4-methyl-5-tosylpent-3-enyl)tetrahydrofuran-3-yl)-

3,7-dimethyloct-6-enal (34) Pyridine (25 pL, 0.31 mmol) and Dess-Martin periodinane (20
mg, 0.05 mmol) were sequentially added to a solution of alcohol S16 (15 mg, 0.03 mmol) in
CH,Cl; (0.7 mL) at 0 °C and the reaction was allowed to stir 1 h. The reaction was diluted in
Et,0 (3 mL) and washed with a saturated, aqueous solutions of NaHCO; (2 x 2 mL), Na,S,03 (2
x 2 mL), CuSO4 (3 mL), H,O (3 mL), and brine (3 mL). The organic layer was dried over
anhydrous Na,SOy, filtered, and concentrated in vacuo. The crude product was purified via flash
chromatography (Hexanes/EtOAc (17:3)), providing 34 (14.3 mg, 96%) as a 58:42 inseparable
mixture of C-19 diastereomers: Ry, 0.50 (Hexanes/EtOAc (3:1)); IR (film) 2959, 2922, 2854,

1717, 1315, 1133, 1087 cm™'; "H NMR (400 MHz, CDCl3) § 9.74 (d, J = 3.3 Hz, 0.6H), 9.69 (d,
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J = 5.0 Hz, 0.4H), 7.74-7.69 (m, 2H), 7.36-7.31 (m, 2H), 5.09-4.99 (m, 2H), 4.75 (d, J = 4.6
Hz, 0.4H), 4.62 (br. s, 0.6H), 4.08 (dd, J = 8.4, 8.4 Hz, 0.4H), 4.01 (dd, J = 8.3, 8.3 Hz, 0.6H),
3.69 (s, 1.2H), 3.68 (s, 1.8H), 3.56 (dd, J = 8.5, 7.3 Hz, 0.4H), 3.53 (dd, J = 8.5, 8.5 Hz, 0.6H),
3.33 (s, 1.2H), 3.29 (s, 1.8H), 2.62-2.50 (m, 1H), 2.47-2.42 (m, 3H), 2.30-1.76 (m, 6H), 1.73 (s,
3H), 1.69 (s, 1.8H), 1.68 (s, 1.2H), 1.66-1.43 (m, 5H), 1.42-1.10 (m, 2H), 1.02 (d, J = 7.1 Hz,
1.2H), 0.94 (d, J = 7.0 Hz, 1.8H); °C NMR (101 MHz, CDCls) & 205.4, 205.0, 144.4, 135.7,
135.5, 135.2, 132.2, 129.6, 128.5, 124.1, 124.0, 123.6, 109.3, 105.2, 69.9, 69.3, 66.3, 66.2, 59.7,
59.4, 54.7, 54.4, 50.3, 48.2, 41.7, 40.0, 35.8, 35.7, 33.8, 33.5, 32.7, 29.7, 27.3, 26.9, 26.8, 25.7,
25.6, 25.4, 21.6, 17.7, 16.7, 16.6, 15.5, 15.3; HRMS-ESI (caled for CosHsOsNaS [M+Na]")

513.2651, found 513.2628.

DIBAL, CH,Cl,

-78 °C

s14 CHs s17 CHs
(2S,3R)-2-((3S,4S)-4-((E)-5-hydroxy-4-methylpent-3-enyl)-5-methoxytetrahydrofuran-3-yl)-
3,7-dimethyloct-6-en-1-0l (S17) To a solution of S14 (44 mg, 0.10 mmol) in CH,Cl, (2 mL) at
—78 °C was added DIBAL (1.0M in Hexanes, 0.25 mL, 0.25 mmol). The reaction was allowed
to stir for 45 min and was then quenched at —78 °C with a saturated aqueous solution of sodium
potassium tartrate (3 mL). The mixture was allowed to warm to ambient temperature and was
then allowed to stir vigorously for 12 h. The layers were separated and the aqueous layer was
extracted with CH,Cl, (3 x 10 mL). The combined organic extracts were then dried over

anhydrous Na,SOy, filtered and concentrated in vacuo. The crude product was purified via flash

S-34



Williams, Walsh, Miller Supporting Information

chromatography (Hexanes/EtOAc (3:1)), providing S17 (34 mg, 97%) as a 58:42 inseparable
mixture of C-19 diastereomers: R, 0.34 (Hexanes/EtOAc (1:1)); IR (film) 3393 (br), 2920, 2359,
2342, 1449, 1375, 1021 cm™'; "H NMR (400 MHz, CDCl;) & 5.47-5.38 (m, 1H), 5.11-5.04 (m,
1H), 4.87 (d, J = 4.7 Hz, 0.4H), 4.72 (br. s, 0.6H), 4.07-3.96 (m, 3H), 3.75-3.57 (m, 3H), 3.35
(s, 1.2H), 3.34 (s, 1.8H), 2.24-1.80 (m, 7H), 1.68 (br. s, 3H), 1.67 (s, 3H), 1.61 (s, 3H), 1.59—
1.20 (m, 6H), 0.93-0.80 (m, 3H); °C NMR (101 MHz, CDCl3) & 135.6, 135.1, 131.6, 126.2,
125.4, 124.4, 110.0, 110.0, 105.7, 71.5, 71.0, 69.0, 68.9, 62.1, 62.0, 54.7, 54.4, 48.0, 47.9, 47.7,
46.6, 45.3, 42.6, 39.2, 36.5, 35.7, 34.1, 33.9, 33.2, 28.5, 26.4, 26.1, 26.0, 25.9, 25.7, 17.7, 15.9,

15.4, 13.7, 13.6; HRMS-CI (calcd for C2;H3,05 [M—OH]") 337.2737, found 337.2731.

DMP, Pyr. HsCO

CH,Cl,

(2S,3R)-2-((3R,4S)-5-methoxy-4-((E)-4-methyl-5-oxopent-3-enyl)tetrahydrofuran-3-yl)-3,7-
dimethyloct-6-enal (36) Pyridine (103 pL, 1.29 mmol) and Dess-Martin periodinane (90 mg,
0.212 mmol) were sequentially added to a solution of diol S17 (12.0 mg, 0.043 mmol) in CH,Cl,
(0.86 mL) at 0 °C and the reaction was allowed to stir 1 h. The reaction was diluted in Et,O (3
mL) and washed with saturated, aqueous solutions of Na,S,03 (2 x 2 mL), CuSO4 (3 mL), H,O
(3 mL), and brine (3 mL). The organic layer was dried over anhydrous Na,SOy, filtered, and
concentrated in vacuo.  The crude product was purified via flash chromatography
(Hexanes/EtOAc (22:3)), providing 36 (11.0 mg, 92%) as a 58:42 inseparable mixture of C-19

diastereomers: Ry 0.55 (Hexanes/EtOAc (3:1)); IR (film) 2925, 2359, 2342, 1720, 1687, 1450,
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1378, 1103, 1024 cm™'; "H NMR (400 MHz, CDCls) §9.80 (d, J = 2.9 Hz, 0.6H), 9.75 (d, J =
4.9 Hz, 0.4H), 9.40 (s, 0.6H), 9.39 (s, 0.4H), 6.47-6.40 (m, 1H), 5.11-5.01 (m, 1H), 4.84 (d, J =
4.6 Hz, 0.4H), 4.70 (br. s, 0.6H), 4.11 (dd, J = 8.5, 8.4 Hz, 0.4H), 4.04 (dd, J = 8.4, 8.4 Hz,
0.6H), 3.60 (dd, J = 8.6, 6.9 Hz, 0.4H), 3.56 (dd, J = 8.7, 8.5 Hz, 0.6H), 3.35 (s, 1.2H), 3.30 (s,
1.8H), 2.65-2.58 (m, 1H), 2.43-2.17 (m, 3H), 2.15-1.95 (m, 3H), 1.88-1.46 (m, 3H), 1.74 (s,
1.8H), 1.73 (s, 1.2H), 1.69 (s, 1.8H), 1.68 (s, 1.2H), 1.62 (s, 1.8H), 1.60 (s, 1.2H), 1.45-1.20 (m,
2H), 1.04 (d, J = 7.1 Hz, 1.2H), 0.94 (d, J = 7.0 Hz, 1.8H); *C NMR (101 MHz, CDCl;)
§205.1, 195.2, 153.3, 139.8, 132.3, 123.5, 109.2, 104.9, 69.3, 59.5, 54.5, 50.5, 41.6, 35.8, 33.5,
32.0, 27.5, 25.8, 25.7, 25.4, 22.6, 17.7, 15.3, 9.2; HRMS-CI (calcd for C,0H3,05 [M—OCH;]")

319.2268, found 319.2263.

.OTBS TBAF, THF, 0 °C HO

(3S,45)-4-((4R,5S,6R,E)-4-(tert-butyldimethylsilyloxy)-1-iodo-2,6,10-trimethylundeca-1,9-

dien-5-yl)-3-vinyltetrahydrofuran-2-ol (S18) To a solution of acetal 31 (1.21 g, 1.68 mmol) in
THF (35 mL) at -40 °C was added TBAF (1.0 M in THF, 1.68 mL, 1.68 mmol) dropwise. The
reaction was allowed to warm to —15 °C over 3 h and then quenched with H,O (30 mL). The
mixture was diluted with Et,0O (30 mL) and the layers were separated. The aqueous layer was
extracted with Et;O (3 x 25 mL) and the combined organic extracts were dried over Na;SOy,

filtered and concentrated in vacuo. The crude product was purified via flash chromatography
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(Hexanes/EtOAc (9:1)), providing S18 (900 mg, 95%) as a 1:1 inseparable mixture of C-19
diastereomers: R, 0.20 (Hexanes/EtOAc (17:3)); IR (film) 3387, 2957, 2928, 2857, 2360, 1462,
1255, 1071, 1045 cm™'; "H NMR (400 MHz, CDCl3) & 5.90 (s, 0.5H), 5.88 (s, 0.5 H), 5.83-5.64
(m, 1H), 5.31-5.27 (m, 0.5H), 5.25-5.03 (m, 3.5H), 4.22 (t, J = 8.6 Hz, 0.5H), 4.08 (t, J = 7.7
Hz, 0.5H), 4.05-3.95 (m, 1H), 3.86 (dd, J = 10.3, 8.5 Hz, 0.5H), 3.80 (t, J/ = 8.4 Hz, 0.5H), 3.51
(br. s, 0.5H), 3.22 (br. s, 0.5H), 2.62-2.32 (m, 2.5H), 2.31-2.23 (m, 1H), 2.23-2.12 (m, 0.5H),
2.03-1.86 (m, 2H), 1.86—1.75 (m, 0.5H), 1.77 (s, 3H), 1.74-1.65 (m, 0.5H), 1.68 (s, 3H), 1.63—
1.56 (m, 0.5H), 1.60 (s, 3H), 1.49-1.44 (m, 0.5H), 1.34-1.19 (m, 1H), 1.19-1.06 (m, 1H), 0.94
(d, J = 6.8 Hz, 1.5H), 0.90 (d, J = 7.0 Hz, 1.5H), 0.87 (s, 9H), 0.08-0.02 (m, 6H); °C NMR
(101 MHz, CDCl;) 6 144.6, 144.3, 138.7, 136.8, 132.0, 124.5, 124.5, 118.8, 118.2, 102.7, 99.0,
79.3, 79.1, 70.7, 70.6, 70.0, 69.9, 57.1, 54.2, 45.7, 45.1, 40.1, 36.9, 36.2, 30.3, 30.2, 26.4, 26.3,
26.2, 26.0, 24.4, 24.3, 20.1, 19.6, 18.3, 18.1, 17.9, -3.6, -3.7, —3.8; HRMS-ESI (calcd for

Cy6H4705SiINa [M+Na]") 585.2237, found 585.2261.

tert-butyl((4R,5S,6R,E)-1-iodo-5-((3S,4S)-5-methoxy-4-vinyltetrahydrofuran-3-yl)-2,6,10-

trimethylundeca-1,9-dien-4-yloxy)dimethylsilane (39) To a solution of lactol S18 (900 mg,
1.60 mmol) in MeOH (80 mL) at ambient temperature was added PPTs (40 mg, 0.16 mmol).
The reaction flask was capped, covered in aluminum foil, and stirred for 18 h. Next, the reaction

solution was diluted in Et;O (100 mL) and washed with H,O (3 x 50 mL) and brine (50 mL).
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The organic layer was dried over Na,SOy, filtered and concentrated in vacuo. The crude product
was purified via flash chromatography (Hexanes/EtOAc (99:1)), providing 39 (912 mg, 99%) as
a 1:1 inseparable mixture of C-19 diastereomers: Ry 0.58 (Hexanes/EtOAc (17:3)); IR (film)
2956, 2928, 2856, 1462, 1254, 1049 cm™'; "H NMR (400 MHz, CDCl3) & 5.87 (br. s, 1H), 5.80—
5.67 (m, 1H), 5.21-5.04 (m, 3H), 4.77 (d, J = 4.1 Hz, 0.5H), 4.69 (d, J = 3.1 Hz, 0.5H), 4.11—
3.94 (m, 2H), 3.86-3.79 (m, 0.5H), 3.70 (dd, J = 10.5, 8.4 Hz, 0.5H), 3.36 (s, 1.5H), 3.34 (s,
1.5H), 2.55-2.33 (m, 2.5H), 2.31-2.22 (m, 1H), 2.19-2.08 (m, 0.5H), 2.04-1.86 (m, 2H), 1.85—
1.75 (m, 0.5H), 1.78 (d, J = 0.8 Hz, 3H), 1.74-1.66 (m, 0.5H), 1.69 (s, 3H), 1.60 (s, 3H), 1.59—
1.56 (m, 0.5H), 1.46—1.41 (m, 0.5H), 1.36-1.02 (m, 2H), 0.96 (d, J = 6.8 Hz, 1.5H), 0.90 (d, J =
7.0 Hz, 1.5H), 0.87 (s, 9H), 0.07-0.03 (m, 6H); °C NMR (101 MHz, CDCl;) & 144.4, 144.1,
138.8, 136.7, 131.7, 124.3, 124.2, 118.1, 117.6, 109.4, 105.5, 79.0, 78.8, 70.4, 69.9, 69.8, 56.1,
55.4, 54.6, 54.1, 45.4, 44.9, 40.3, 36.5, 36.0, 30.1, 30.0, 29.7, 26.2, 26.0, 25.7, 24.2, 24.1, 19.9,
19.4, 18.0, 17.8, —3.8, 4.0, —4.1; HRMS-CI (caled for Cy7H430;Sil [M-H]") 575.2412, found

575.2406.

9-BBN, THF, rt;
Pd(PPhs)4, NaOH,

~OTBS  CH,ON, THF, H,0, 85 °C;

then AcOH, THF, H,0, 85 °C

(3aS,4S,5R,10aS,E)-5-(tert-butyldimethylsilyloxy)-7-methyl-4-((R)-6-methylhept-5-en-2-yl)-
3,32,4,5,6,9,10,10a-octahydro-1H-cyclonona|c]furan-1-ol (38) To neat 39 (78 mg, 0.135
mmol) was added 9-BBN (0.5 M in THF, 405 uL, 0.203 mmol). The reaction was allowed to

stir overnight and was then quenched with degassed H,O (750 puL) and stirred vigorously for 15
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min. The mixture was diluted in degassed THF (2.25 mL) and then added via syringe to a
solution of Pd(PPh;)4 (78 mg, 0.068 mmol) and NaOH (27 mg, 0.676 mmol) in degassed CH;CN
(25.3 mL) and degassed H,O (1.70 mL) at ambient temperature. The reaction was then heated to
85 °C and was stirred for 18 h. The reaction was cooled to ambient temperature and filtered
through Celite. The filtrate was washed with H,O (3 x 10 mL) and brine (3 x 10 mL). The
organic layer was then dried over anhydrous Na,SO,, filtered and concentrated in vacuo. The
crude mixture was taken up in hexanes (30 mL), filtered and concentrated in vacuo to give an
orange oil. This crude material was dissolved in THF (3.8 mL) and to the resulting solution was
added H,O (5.7 mL) and glacial acetic acid (1.9 mL). The mixture was heated to 85 °C, stirred
for 4 h, cooled to 0 °C and slowly quenched with a saturated aqueous solution of NaHCO; (5
mL). The mixture was diluted in Et,O (10 mL), the layers were separated and the aqueous layer
was extracted with Et;0 (3 x 10 mL). The combined organic extracts were then washed with
saturated aqueous NaHCO; (2 x 20 mL), H,O (20 mL) and brine (20 mL). The organic layer
was dried over anhydrous Na,;SQy, filtered and concentrated in vacuo. The crude product was
purified via flash chromatography (Hexanes/EtOAc (50:1 to 93:7)), providing 38 (39 mg, 66%)
as a 80:20 inseparable mixture of C-19 diastereomers: R, 0.32 (Hexanes/EtOAc (17:3)); IR
(film) 3389, 2928, 2856, 2359, 2342, 1462, 1253, 1050 cm™'; '"H NMR (400 MHz, CDCl;) &
5.35-5.27 (m, 1H), 5.24 (dd, J = 9.0, 6.3 Hz, 0.2H), 5.17-5.09 (m, 0.8H), 5.09-5.05 (m, 0.2H),
5.01 (br. s, 0.8H), 4.20—4.06 (m, 1H), 4.02 (t, J = 8.6 Hz, 0.2H), 3.94 (t, J = 8.3 Hz, 0.8H), 3.87
(dd, J = 9.2, 8.7 Hz, 0.8H), 3.68 (dd, J = 8.3, 6.3 Hz, 0.2H), 2.68-2.51 (m, 1H), 2.51-2.30 (m,
2H), 2.26-2.12 (m, 1.6H), 2.11-1.86 (m, 4.4H), 1.83-1.65 (m, 4H), 1.79 (s, 3H), 1.68 (s, 3H),
1.62 (s, 3H), 1.47-1.31 (m, 1H), 1.29-1.09 (m, 1H), 0.93-0.87 (m, 9H), 0.85 (d, J = 6.7 Hz, 3H),

0.19-0.14 (m, 3H), 0.09-0.04 (m, 3H); *C NMR (101 MHz, CDCly) & 134.8, 134.0, 131.4,
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131.3, 128.1, 126.3, 124.6, 124.5, 104.6, 100.1, 71.6, 71.4, 69.6, 68.7, 54.4, 49.9, 48.4, 48.3,
474, 46.9, 43.8, 394, 37.1, 36.9, 31.7, 31.5, 31.4, 29.7, 26.5, 26.2, 26.1, 26.0, 25.7, 24.8, 20.2,
18.6, 18.3, 18.0, 17.7, 2.3, —2.6, —5.0, ; HRMS-ESI (calcd for C,sH30;SiNa [M+Na]")

459.3270, found 459.3274.

TPAP, NMO

4A MS, CH,Cl,

(3aS,4S,5R,10aS,E)-5-(tert-butyldimethylsilyloxy)-7-methyl-4-((R)-6-methylhept-5-en-2-yl)-
3,32,4,5,6,9,10,10a-octahydro-1H-cyclonona|c]furan-1-one (43) To a solution of lactol 38 (47
mg, 0.108 mmol) in CH,Cl, (11 mL) were added powdered, activated 4A MS (60 mg) and NMO
(19 mg, 0.162 mmol). The suspension was allowed to stir for 10 min and then TPAP (3.8 mg,
0.011 mmol) was added in one portion. The reaction was allowed to stir for 45 minutes and was
then filtered through a plug of silica gel. The filtrate was concentrated in vacuo to give a dark
oil. The crude product was purified via flash chromatography (Hexanes/EtOAc (50:1)),
providing 43 (37 mg, 79%) as a colorless oil: R, 0.46 (Hexanes/EtOAc (17:3)); [a]p*? —24.0° (¢
0.59, CHCl3); IR (film) 2956, 2927, 2856, 2359, 1770, 1039 cm™'; "H NMR (400 MHz, CDCl;)
d 5.30-5.19 (m, 1H), 5.13-5.02 (m, 1H), 4.26 (t, J = 9.5 Hz, 1H), 4.23-4.19 (m, 1H), 4.04 (dd,
J =838, 7.5 Hz, 1H), 2.72-2.60 (m, 1H), 2.54-2.42 (m, 1H), 2.40-2.23 (m, 2H), 2.28-2.23 (m,
1H), 2.23-2.10 (m, 1H), 2.09-1.97 (m, 3H), 1.97-1.84 (m, 2H), 1.79 (s, 3H), 1.69-1.63 (m, 1H),
1.68 (s, 3H), 1.60 (s, 3H), 1.28-1.14 (m, 1H), 1.12-1.01 (m, 1H), 0.94 (d, J = 6.4 Hz, 3H), 0.89

(s, 9H), 0.14 (s, 3H), 0.05 (s, 3H); '°C NMR (101 MHz, CDCl;) & 180.7, 135.1, 132.3, 126.2,

S-40



Williams, Walsh, Miller Supporting Information

123.7,71.8, 69.6, 50.1, 48.0, 47.7, 39.3, 35.4, 31.0, 29.8, 26.0 (3 C), 25.6, 25.6, 25.0, 20.3, 18.3,
179, 17.7, -3.3, —4.5; HRMS-ESI (calcd for C,sH403SiNa [M+Na]+) 457.3114, found

457.3135.

TBAF, THF
40 °C

S$19

(3aS,4S,5R,10aS,E)-5-hydroxy-7-methyl-4-((R)-6-methylhept-5-en-2-yl)-3,32,4,5,6,9,10,10a-
octahydro-1H-cyclonona|c]furan-1-one (S19) To a solution of 43 (11.8 mg, 0.027 mmol) in
THF (1.0 mL) at ambient temperature was added TBAF (1.0 M in THF, 0.20 mL, 0.200 mmol).
The reaction was then warmed to 40 °C and stirred for 10 h. The reaction was cooled to ambient
temperature and quenched with H,O (I mL) and diluted in Et;O (2 mL). The layers were
separated and the aqueous layer was extracted with Et;0 (3 x 2 mL). The combined organic
extracts were dried over anhydrous Na,SO,, filtered and concentrated in vacuo. The crude
product was purified via flash chromatography (Hexanes/EtOAc (50:1 to 93:7)), providing S19
(7.2 mg, 83%) as a colorless oil: Ry 0.30 (Hexanes/EtOAc (3:1)); [a]p”® +14.0° (¢ 0.72, CHCL);
IR (film) 3477 (br), 2916, 2854, 1756, 1445, 1003 cm'; '"H NMR (400 MHz, CDCl;) & 5.18—
5.03 (m, 2H), 4.33 (t, J = 8.1 Hz, 1H), 4.20-4.13 (m, 1H), 3.96 (dd, J = 9.7, 8.6 Hz, 1H), 2.74—
2.61 (m, 1H), 2.42-2.04 (m, 8H), 2.03-1.95 (m, 2H), 1.82 (s, 3H), 1.80-1.74 (m, 1H), 1.69 (s,
3H), 1.68-1.64 (m, 1H), 1.62 (s, 3H), 1.35-1.17 (m, 2H), 0.90 (d, J = 6.7 Hz, 3H); °C NMR (101

MHz, CDCl3) 6 179.3, 133.7, 132.1, 128.9, 123.9, 70.2 (2 C), 49.1, 44.8, 44.1, 39.1, 36.9, 31.2,
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27.1,26.1, 25.7,25.4,20.2, 17.8, 17.6; HRMS-CI (calcd for CyoH3303 [M+H]") 321.2424, found

321.2411.

LDA, THF, =78 °C,
then PhSeBr;

mCPBA, CH,Cl,, -78 °C,
then Et3N, =78 °C to rt

CHj;
S$19

4-Hydroxydictyolactone (4) To a solution of S19 (7.2 mg, 0.022 mmol) in THF (440 pL) at —
78 °C was added freshly prepared lithium diisopropylamide (1.0M in THF, 135 uL, 0.135 mmol)
dropwise. The reaction was allowed to stir for 30 min and then a solution of PhSeBr (13 mg,
0.055 mmol) in THF (50 puL) was added slowly. After 45 minutes at —78 °C, the reaction was
diluted with a saturated aqueous solution of NH4Cl (500 pL) and Et,O (1 mL). The layers were
separated and the aqueous layer was extracted with Et;0O (3 x 2 mL). The combined organic
extracts were dried over anhydrous Na,SO,, filtered and concentrated in vacuo to afford the
crude a-selenylester that was used without purification in the next reaction.

To a solution of the a-selenylester in CH,Cl, (1.3 mL) at —78 °C was added a solution of
mCPBA (3.4 mg, 0.020 mmol) in CH,Cl, (100 pL). The reaction was allowed to stir for 1 h and
then Et;N (50 uL) was added. The reaction was allowed to warm to ambient temperature and
was stirred for 24 h. The reaction was partitioned between H,O (1 mL) and Et,O (2 mL) and the
layers were separated. The aqueous layer was extracted with Et,O (3 x 2 mL) and the combined
organic extracts were dried over anhydrous Na,SOs, filtered and concentrated in vacuo. The
crude product was then purified by preparative TLC (Hexanes/EtOAc (13:7)) to give synthetic 4-

hydroxydictyolactone (4) (3.4 mg, 55% from S19) as a white foam: Ry 0.21 (Hexanes/EtOAc
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(3:1)); [a]p™ =175.2 (¢ 0.13, CCly); IR (film) 3448 (br), 2917, 1735, 1637, 1183 cm™'; "H NMR
(400 MHz, CDCls) 8 6.92 (dt, J = 7.6, 2.0 Hz, 1H), 5.30 (br. dd, J = 11.7, 4.1 Hz, 1H), 5.01
(appt. t, J = 7.0 Hz, 1H), 4.43 (dd, J = 9.5, 1.0 Hz, 1H), 4.31-4.27 (m, 1H), 4.08 (dd, J = 9.7, 7.9
Hz, 1H), 3.39 (br. d, J = 7.3 Hz, 1H), 3.18 (ddt, J = 17.5, 11.6, 1.8 Hz, 1H), 2.95 (ddd, J = 17.4,
7.3, 4.3 Hz, 1H), 2.31 (br. d, J = 12.8 Hz, 1H), 2.17 (dd, J = 13.0, 4.0 Hz, 1H), 2.02 (br. s, 1H),
1.95-1.84 (m, 2H), 1.88 (br. s, 3H), 1.71-1.63 (m, 1H), 1.65 (br. s, 3H), 1.55 (br. s, 3H), 1.22—
1.10 (m, 2H), 1.06 (d, J = 6.7 Hz, 3H); °C NMR (101 MHz, CDCl;) & 173.4, 139.4, 136.1,
135.4, 131.9, 125.3, 123.9, 72.7, 68.7, 51.0, 49.1, 37.9, 35.7, 32.3, 29.4, 25.9, 25.6, 20.0, 18.1,

17.7; HRMS-CI (caled for Cy0H3,03 [M+H]") 319.2268, found 319.2255.
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Comparison of 'H and "C NMR Spectra of Natural and Synthetic 4-
Hydroxydictyolactone (4) (Major Conformer)

2CH,4
4 (4-hydroxydictyolactone)

H Natural’ Synthetic

2 3.39 (br. d,J = 7.8 Hz) 3.39 (br.d,J =7.3 Hz)

3 2.02 (br. s) 2.02 (br. s)

4 4.28 (m) 4.31-4.27 (m)

Sa 2.17 (dd, J =12.8,2.0 Hz) 2.17 (dd, J = 13.0, 4.0 Hz)
5B 2.32(dd, J=12.8, 4.3 Hz) 2.31 (br.d,J = 12.8 Hz)

7 5.30 (br.dd, J = 11.4, 4.2 Hz) 5.30 (br.dd, J=11.7, 4.1 Hz)
8a 3.19(ddt,J=17.6,11.4,23 Hz) 3.18(ddt,J=17.5,11.6, 1.8 Hz)
8p 294 (ddd,J=17.6,7.5,42Hz) | 2.95(ddd,J=174,7.3,4.3 Hz)

9 6.92 (dt,J =17.5,2.3 Hz) 6.92 (dt,J =17.6,2.0 Hz)

10 1.61 (m) 1.71-1.63 (m)

11 1.22-1.17 (m) 1.22-1.10 (m)

12 1.92 (m) 1.95-1.84 (m)

13 5.02 (sept. t,J = 7.2, 1.5 Hz) 5.01 (appt. t, J = 7.0 Hz)

15 1.66 (br. s) 1.65 (br. s)

16 1.56 (br. s) 1.55 (br. s)

17 1.06 (d, J = 6.7 Hz) 1.06 (d, J = 6.7 Hz)
18a 4.09 (dd, J=9.5, 7.8 Hz) 4.08 (dd, J=9.7, 7.9 Hz)
18B 4.44 (dd, J=9.5,1.2 Hz) 443 (dd, J=9.5, 1.0 Hz)

20 1.89 (d,J = 1.3 Hz) 1.88 (br. s)
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0CH,
4 (4-hydroxydictyolactone)

C Natural’ Synthetic A (6 ppm)
1 136.08 136.07 0.01
2 35.74 35.75 0.01
3 50.97 50.99 0.02
4 72.71 72.74 0.03
5 49.05 49.06 0.01
6 135.36 135.38 0.02
7 125.28 125.30 0.02
8 29.42 29.43 0.01
9 139.39 139.36 0.03
10 32.25 32.26 0.01
11 37.86 37.88 0.02
12 25.87 25.89 0.02
13 123.90 123.91 0.01
14 131.87 131.87 0.00
15 25.64 25.64 0.00
16 17.69 17.69 0.00
17 18.13 18.14 0.01
18 68.73 68.72 0.01
19 173.39 173.36 0.03
20 20.00 19.99 0.01

References

(1) Marshall, J. M.; Trometer, J. D.; Cleary, D. G. Tetrahedron 1989, 45, 391-402.

(2) Hopf, H.; Bohm, I.; Kleinschroth, J. Org. Synth. 1981, 60, 41.

(3) Ohtani, I.; Kusumi, T.; Kashman, Y.; Kakisawa, H. J. Am. Chem. Soc. 1991, 113, 4092—
4096.

(4) Lipshutz, B. H.; Lee, C.-T.; Servesko, J. M. Org. Lett. 2007, 9, 4713-4716.

(5) Guella, G.; Chiasera, G.; N’Diaye, I.; Pietra, F. Helv. Chim. Acta 1994, 77, 1203—-1221.

S-45



Supporting Information

Williams, Walsh, Miller

wdd

O|

aWdo

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHN LLEOBLL00F ‘LH 3IAYISFO
suonnadalgl

ZH 0209 YIP'M

235 £00°C dw "boy

s9a163p 0’51 9s|nd

295 000 L Ae|ap xe|ay

JEunsiwu, 00%-YAONI
3|4

£8-CLl-1 9sn

M 1'867 /D 0'5Z "dway
€]2P2 JUSA|OS

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-Lg-€

S-46



Supporting Information

Williams, Walsh, Miller

anWdo

4

23S 7| ‘Ul g awi |e1o)
9€55997Is 14

ZH 0’z buluapeoiq aui]
DNISSID0Hd V1vd

paie|npow 91-Z11vM

uo A|snonupuod

ap Ly 1omod

ZHW £TS00ZL°00% ‘LH 31dN0D3d
ZHIN TT/£609°001L ‘€1D IAYISA0
suonadal pg L

ZH T'LSLST YIPIM

395 1§9°0 dwiy "boy

s9a163p 8'67 95|Nd

295 005 | Aejap xe|ay

0] LEUNSIWU, 00F-YAONI
9|14

M 1'867 /D 05T dwa)

€12P> JUsA|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1010311P SAIYDIY

oel-Le-€

S-47



Supporting Information

Williams, Walsh, Miller

wdd

O|

dWdOo

€S

= OH

235 66 ‘UlW 0 dW} [e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHN €99€801°00% ‘LH 3IAYISO
suonnadalgl

ZH 9°0009 YIPIM

295 0££° dwn "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
94

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

14
18P /SASIWUA/ LIWIUA/QOPIXA/ K101311P SAIYDIY

HL-66C-S

S-48



Supporting Information

Williams, Walsh, Miller

aWdo

€S

HO

OH

956 Ul ZE 1Y | SWi3 [el0]

9€559 9IS 14

ZH 0"z buluapeouiq aui]
DNISS3ID0Hd v1vad
paieinpow 91-Z11YM
uo Ajsnonupuod

ap € 1omod

ZHIW 68££0L1°00% ‘LH 31dN0OD3A
ZHW £TEE£09°001 ‘€LD IAYISIO

suonnadai0l9

ZH T LSLST YIPIM
295 1§9°0 dwy "boy
s9a163p /'67 95|nd
335 005’ L Aejap "xe|ay

JEunsiwu, 00-VAONI
lIE]

Mew :1ojesdQo

M 1'867 /D 0'5Z "dway
€]2P2 JUSA|OS

|ndgs :9duanbag as|ng

14

e1ep/SASIWIUA/QOP/00Y!/ :A1019311P SAIYIIY

J€L-66C-S

S-49



Supporting Information

Williams, Walsh, Miller

aNdO

W

€l

\/K/ 054l
HO

395 6S ‘Ul O Swl} |e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHN L99€80L°00% ‘LH 3IAYISFO
suonnadalgl

ZH 9°0009 YIPIM

295 0gLT dwy "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
94

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

14
18P /SASIWUA/ LIWIUA/QOPIXA/ K101311P SAIYDIY

HL-10€-S

S-50



Supporting Information

Williams, Walsh, Miller

el

= osdlL

HO
anWdo

956 Ul ZE 1Y | SWi3 [el0]

9€559 9IS 14

ZH 0"z buluapeouiq aui]
DNISS3ID0Hd v1vad
paieinpow 91-Z11YM
uo Ajsnonupuod

ap € 1omod

ZHIW 68££0L1°00% ‘LH 31dN0OD3A
ZHIW SEEE£09°001 ‘ELD IAYISIO

suonnadal 9|

ZH T LSLST YIP'M
295 1§9°0 dwy "boy
s9a163p /'67 95|nd
235 00§° L Aejop "xe|oy

JEunsiwu, 00-VAONI
lIE]

Mew :1ojesdQo

M 1'867 /D 0'5Z "dway
€]2P2 JUSA|OS

|ndgs :9duanbag as|ng

14

e1ep/SASIWIUA/QOP/00Y!/ :A1019311P SAIYIIY

O€l-10€-S

S-51



Supporting Information

Williams, Walsh, Miller

395 6S ‘Ul O Swl} |e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHIN 289€801°00% ‘LH 3IAYISFO
suonnadalgl

ZH 9°0009 YIPIM

295 0gLT dwy "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
94

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

14
18P /SASIWUA/ LIWIUA/QOPIXA/ K101311P SAIYDIY

HL-1SC-S

S-52



Supporting Information

Williams, Walsh, Miller

23S 7| ‘Ul g awi |e1o)

9€559 9IS 14

ZH 0"z buluapeouiq aui]
DNISS3ID0Hd v1vad

paie|npow 91-Z11vVM

uo Ajsnonupuod

gap € 1Iomod

ZHW 68££0L1°00% ‘LH 31dN0OD3A
ZHIN €££€£09'001 ‘€1D IAYISA0
suonnadal /8

ZH T'LSLST YIPIM

295 1§9°0 dwy "boy

s9a163p /'67 95|nd

295 005 | Ae|ap xe|ay

LEunsiwu, 00%-YAONI
94

Mew :1ojesdQo

M 1'867 /D 0'5Z "dway
€12aD 3UsA|0S

|ndgs :9duanbag as|ng

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1019311P SAIYIIY

J€L-15C-S

S-53



Supporting Information

Williams, Walsh, Miller

wdd

O|

235 66 ‘UlW 0 dW} [e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHIN 66€LELL°007 ‘LH 3AYISI0
suonnadalgl

ZH 9°0009 YIPIM

295 0££° dwn "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
94

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

14

18P /SASIWUA/ LIWIUA/QOPIXA/ K101311P SAIYDIY

HL-S6C-¥

S-54



Supporting Information

Williams, Walsh, Miller

0osdlL

295 6 ‘UIW ZE Y | Sl [e30]

9€6599zIs 14

zH 0’z Buluspeouq aur]
DNISS3ID04Yd V1vd
paieinpow 91-Z17VM
uo Ajsnonuiuod

gp € 1Iomod

ZHW 68££01 100 ‘LH 31dN0OD3A
ZHW £6T€£09°00L ‘€LD IAYISIO

suonnadal 095z

ZH T /51T YIPIM
95 169°0 dwn ‘boy
s93163p £'67 3S|Nd
335 005°L Aejop "xejay

JEUNsiwu, 00-YAONI
9|4

mew :101e19dQ

M 1867 /D057 dwa]
€1DAD JUSA|0S

|ndgs :2duanbag as|ng

1

e1eP/SASIWUA/GOP/00YI/ :A1010911p SAIYDIY

J€l-101-S

S-55



Supporting Information

Williams, Walsh, Miller

4

23S 8f ‘Ul O Wi} |e10 |

9€65997Is 14

ZH 6'0 buluapeoiq aui]

DNISSID0Hd V1vd

S ZHIN 0£L¥£S0°00€ ‘LH 3AY¥3ISI0
suonnadalgl

ZH S°00S¥ YIPIM

osalL 235 866°L dw ‘boy
s9a163p 0’5t 9s|nd

295 000 | Ae|ap xe|ay

LEUNSIWU, 00-VAONI
2|14

M 1'867 /D 05T dwa]
€]2P1 :1UdA|0S

|ndgs :9duanbag as|ngd

HL-€/1-C

S-56



Supporting Information

Williams, Walsh, Miller

0osdl

23S 7| ‘Ul g awi |e1o)

9€559 9IS 14

ZH 0"z buluapeouiq aui]
DNISS3ID0Hd v1vad

paieinpow 91-Z11YM

uo Ajsnonupuod

gap € 1Iomod

ZHW 68££0L1°00% ‘LH 31dN0OD3A
ZHN ZLEEL09°00L ‘ELD JAYISI0
suonnadai 6g1l

ZH T LSLST YIPIM

295 159°0 Wi} "boy

s9a163p /'67 95|nd

295 005 | Ae|ap xe|ay

JEunsiwu, 00-VAONI
lIE]

Mew :1ojesdQo

M 1'867 /D 0'5Z "dway
€]2P2 JUSA|OS

|ndgs :9duanbag as|ng

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1019311P SAIYIIY

J€l-91-9

S-57



Supporting Information

Williams, Walsh, Miller

235 8f ‘UIW O SW} |eI0 ]

9€65997Is 14

ZH 6'0 buluapeoiq aui]

DNISS3ID0Hd v1va
ZHIN €2¥081L1°007 ‘LH 3AYISI0

suonnadalgl

ZH 0209 YIP'M

295 £00° dwi} "boy

s9a163p 0’51 9s|nd

0s4dl 335 000° L ABJ3p "Xe[2Y

LEUNSIWU, 00-YAONI
2|14

£8-TL-1 193N

M 1'867 /D 05T dwa)
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-lL€C-C

S-58



Supporting Information

Williams, Walsh, Miller

335 | 4y 9 3w} |e3o

9€6599zIs 14

zH 0'Z Buluspeouq aur
DNISS3ID04Yd V1vd

pa1e|Npow 91-Z1 T¥M

uo Ajsnonupuod

gp Ly 1omod

ZHW £TS00ZL'00% ‘LH 31dN0D3d
ZHIN ¥19£609°001L ‘€D IAYISIO
suonnadal 479t

ZH T /51T YIPIM

295 169°0 dwn ‘boy

s92169p 8'67 3S|Nd

335 00S°L Aejap "xejpy

JEUNsIWU, 00t-YAONI
9|14

N 1867 /D06 dwa]
€12P3 JUsA|0S

|ndgs :2duanbag as|ng

|4
e1RP/SASIWUA/GOP/00Y!/ :A1012911p SAIYDIY

J€L-L8l-C

S-59



Supporting Information

Williams, Walsh, Miller

wdd

O|

0osdlL

23S 8f ‘Ul g Wi} |e10 |
9€55997Is 14

ZH 6'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHIN 65£90T£'66€ ‘LH 3AYISI0
suonnadalg|

ZH £'666S YIPIM

235 000°C dWw "boy

s9a163p 0’51 9S|nd

295 000 L Ae|ap xe|ay

LEUNSIWU, 00-YAONI
2|14

M 1'867 /D 05T dwa)
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ng

14

1ep/SASIWUUA/QOP/00TXA/ :K103D311P SAIYDIY

HL-lZC-€

S-60



Supporting Information

Williams, Walsh, Miller

0S4l

23S 7| ‘Ul g awi |e1o)

9€559 9IS 14

ZH 0"z buluapeouiq aui]
DNISS3ID0Hd v1vad

paie|npow 91-Z11vVM

uo Ajsnonupuod

gap € 1Iomod

ZHW 68££0L1°00% ‘LH 31dN0OD3A
ZHIN 02E€€£09°001L ‘€1D IAYISA0
suonnadal g/

ZH T'LSLST YIPIM

295 1§9°0 dwy "boy

s9a163p /'67 95|nd

295 005 | Ae|ap xe|ay

LEUNSIWU, 00F-YAONI
d™De1L ¢ omlw 34
Mew :1ojesdQo

M 1'867 /D 05T dwa)
€[2P2 :JU3A|0S

|ndgs :9duanbag as|ng

d™g1 7z omlw 3)14
e1eP/SASIWIUA/QOP/00Y!/ :A1012311p SAIYDIY

J€L-CT-9

S-61



Supporting Information

Williams, Walsh, Miller

Y

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]

DNISS3ID0Hd v1va
ZHIN 86€LELL°007 ‘LH 3AYISI0

suonnadalgl

@ _. ZH 0209 YIP'M
235 £00°C dw "boy

s9a163p 0’51 9s|nd

235 000° L Aej3p "xej2y
0sdl

LEUNSIWU, 00-YAONI
2|14

£8-TL-1 193N

M 1'867 /D 05T dwa)
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-LSC-€

S-62



Supporting Information

Williams, Walsh, Miller

081

sflz%}.i xx.gﬂg

ot Rt it Al

M

i

b LA

AR b Attt ot il Ay

b el L AL L Ul L

23S /| ‘Uil GG 3wl |e1o|
9€55997Is 14

ZH 0’z buluapeoiq aui]
DNISSID0Hd V1vd

paie|npow 91-Z11vM

uo A|snonupuod

gp ¢ 1emod

ZH £9%/SLL'00¥ ‘LH 31dNOD3A
ZHW 0189809001 ‘€LD IAYISIO
suonnadal 607 L

ZH T'LSLST YIPIM

395 1§9°0 dwiy "boy

s9a163p /'67 95|nd

295 005 | Aejap xe|ay

0osdlL

LEUNSIWU, 00F-YAONI
9|14

M 1'867 /D 05T dwa)
€12P> JUsA|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1010311P SAIYDIY

J€1-0SC-€

S-63



Supporting Information

Williams, Walsh, Miller

wdd

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHIN 86ELELL00F ‘LH IAYISFO
suonnadalgl

ZH 0'70%9 YIPIM

235 £00°C dw "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
2|14

£8-TL-1 193N

M 1'867 /D 05T dwa)
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-TSC-€

S-64



Supporting Information

Williams, Walsh, Miller

295 GZ ‘Uil g| awl |e1o|
9€55997Is 14

ZH 0’z buluapeoiq aui]
DNISSID0Hd V1vd

paie|npow 91-Z11vM

uo A|snonupuod

gp ¢ 1emod

ZH £9%/SLL'00¥ ‘LH 31dNOD3A
ZHW L¥89809°001 ‘€LD IAYISIO
suonnadal /8

ZH T LSLSTYIPIM

395 1§9°0 dwiy "boy

s9a163p /'67 95|nd

295 005 | Aejap xe|ay

LEUNSIWU, 00F-YAONI
9|14

M 1'867 /D 05T dwa)
€12P> JUsA|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1010311P SAIYDIY

PIANATA

S-65



Supporting Information

Williams, Walsh, Miller

wdd

O|

8S

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHIN 86ELELL00F ‘LH IAYISFO
suonnadalgl

ZH 0'70%9 YIPIM

235 £00°C dw "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
2|14

£8-TL-1 193N

M 1'867 /D 05T dwa)
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-¥SC-€

S-66



Supporting Information

Williams, Walsh, Miller

23S 6 ‘UlW Z€ Yy | awi) |e10]
9€55997Is 14

ZH 0’z buluapeoiq aui]
DNISSID0Hd V1vd

paie|npow 91-Z11vM

uo A|snonupuod

gp ¢ 1emod

ZH £9%/SLL'00¥ ‘LH 31dNOD3A
ZHW L¥89809°001 ‘€LD IAYISIO
suonnadal 01

ZH T'LSLST YIPIM

395 1§9°0 dwiy "boy

s9a163p /'67 95|nd

295 005 | Aejap xe|ay

LEUNSIWU, 00F-YAONI
9|14

M 1'867 /D 05T dwa)
€12P> JUsA|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1010311P SAIYDIY

o€l-LTT-€

S-67



Supporting Information

Williams, Walsh, Miller

wdd

O|

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHIN 86ELELL00F ‘LH IAYISFO
suonnadalgl

ZH 0'70%9 YIPIM

235 £00°C dw "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
2|14

£8-TL-1 193N

M 1'867 /D 05T dwa)
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ngd

14

e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-19¢-€

S-68



Supporting Information

Williams, Walsh, Miller

23S 7| ‘Ul g awi |e1o)
9€55997Is 14

ZH 0’z buluapeoiq aui]
DNISS3ID0Hd v1va

paiejnpow 91-711vYM

uo A|snonupuod

gp ¢ 1emod

ZH £9%/SLL'00¥ ‘LH 31dNOD3A
ZHIN €€89809'001 ‘€1D IAYISA0
suonnadal y£¢

ZH T LSLSTYIPIM

395 1§9°0 dwiy "boy

s9a163p /'67 95|nd

295 005 | Aejap xe|ay

LEUNSIWU, 00F-YAONI
9|14

M 1'867 /D 05T dwa)
€12P> JUsA|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1010311P SAIYDIY

J€L-19¢-€

S-69



Supporting Information

Williams, Walsh, Miller

wdd

O|

23S 8f ‘Ul g Wi} |e10 |
9€55997Is 14

ZH 6'0 buluapeoiq aui]
DNISS3ID0Hd v1va

ZHIN TL¥9£0L'66€ ‘LH 3IAYISI0
suonnadalg|

ZH £'666S YIPIM

235 000°C dWw "boy

s9a163p 0’51 9S|nd

295 000 L Ae|ap xe|ay

LEUNSIWU, 00-YAONI
2|14

M 1'867 /D 05T dwa)
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ng

14

1ep/SASIWUUA/QOP/00TXA/ :K103D311P SAIYDIY

HL-S91-¥

S-70



Supporting Information

Williams, Walsh, Miller

23S G ‘Ulw £Z 1y Z dwiy |e1o)

C/0LEL9ZIs 14

ZH G’z buluapeoiq aui]

DNISSID0Hd V1vd

paie|npow 91-Z11vM

uo A|snonupuod

ap G 1omod

ZHW 1L€80£08'667 ‘LH 31dN0OD3IA

ZHIN ¥7965£9'STL ‘€1D IAYISA0

suonnadal 8z |

i {4 ZH 6'S9L0€ YIPIM
235 00€°L dwn "boy
s9a163p 0'0€ 9s|nd
295 000°€ Ae|ap "xe|ay

JEunsiwuy, 00t-YAONI
lIE]

Mew :10jesdQO

M 1'867 /D 0'5Z "dway
€]2P2 JUA|OS

|ndgs :9duanbag as|ng
]

J€L-99-%

S-71



Supporting Information

Williams, Walsh, Miller

wdd

Ol

235 66 ‘UlW 0 dW} [e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHIN 66€LELL°007 ‘LH 3AYISI0
suonnadalgl

ZH 9°0009 YIPIM

295 0££° dwn "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
94

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

14
18P /SASIWUA/ LIWIUA/QOPIXA/ K101311P SAIYDIY

HL-08C-¥

S-72



Supporting Information

Williams, Walsh, Miller

295 71 ‘UlW 6 dwin [e0]
9€559 9IS 14
ZH 0"z buluapeouiq aui]
DNISS3ID0Hd v1vad
paieinpow 91-Z11YM
uo Ajsnonupuod
gp ¢ 1emod
ZHN £9%/£SLL'00¥ ‘LH 31dNOD3A
ZHIN ¥£59809'001 ‘€1D IAYISA0
suonnadal 96z
ZH T'£LSLST YIPIM
295 1§9°0 dwy "boy
s9a163p /'67 95|nd
295 005 | Aejap xejoy
6S 9P "xe|

JEunsiwu, 00-VAONI
lIE]

Mew :1ojesdQo

M 1'867 /D 0'5Z "dway
€]2P2 JUSA|OS

|ndgs :9duanbag as|ng

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1019311P SAIYIIY

D€L-08C-¥

S-73



Supporting Information

Williams, Walsh, Miller

wdd

O|

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHN 00VZELL'00F ‘LH 3AYISFO
suonnadalgl

ZH 0'70%9 YIPIM

295 £00° dwi} "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
2|14

£8-TL-1 193N

M 1'867 /D 05T dwa)
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-Z8-¥

S-74



Supporting Information

Williams, Walsh, Miller

295 €F ‘Ul €1 4y | Swi [e10]
9€5599zIs 14

ZHO'C mc_cw_umo‘_n oul
ONISSID0Yd V1va

pa1e|npow 91-Z1 VM

uo >_m303r__~C0u

gp ¢t 1omod

ZHW £9%/S11°00% ‘LH 31dN0OD3AA
ZHIN §6£9809°001 ‘€LD JAYISIO
suonnadal gg61L

ZH T'/SLST YIPIM

235 169'0 dwn boy

so2169p /'67 95|Nd

295 005 L Ae|ap "xe|ay

JEUNsIWU, 00t-YAONI
9|4

mew :101e19dQ

M 1867 /D057 dwa]
€]9P2 :JUIAJOS

|ndgs :2duanbag as|ng

|4
e1eP/SASIWUA/GOP/00YI/ :A1010911p SAIYDIY

JEL-VTTY

S-75



Supporting Information

Williams, Walsh, Miller

wdd

O|

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHN 00VZELL'00F ‘LH 3AYISFO
suonnadalgl

ZH 0'70%9 YIPIM

295 £00° dwi} "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
94

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-6/1-¥

S-76



Supporting Information

Williams, Walsh, Miller

295 7| ‘UIW 6 dWi} [e10]
9€6599zIs 14

ZHO'C @C_Cw—umo\_ﬂ auln
DNISS3ID04Yd V1vd

pa1e|Npow 91-Z1T¥M

uo >_m303r__~COU

4ap ¢y 1omod

ZHIN £9%/SLL°00% ‘LH 31dNOD3A
ZHN Z089809°00L ‘€LD JAYISIO
mCO_H_uwﬁ_wk_ [e]erd

ZH T LSLST YIP'M

95 169°0 dwn ‘boy

s9163p /'67 35|Nd

235 005°L Ae[ap "xejay

JEUNsIWU, 00t-YAONI
9|4

mew :101e19dQ

M 1867 /D057 dwa]
€]9P2 :JUIAJOS

|ndgs :2duanbag as|ng

|4
e1eP/SASIWUA/GOP/00YI/ :A1010911p SAIYDIY

JEl-6LL-¥

S-77



wdd 0- L 14 € % S 9

Supporting Information

Williams, Walsh, Miller

235 6S ‘UlW ( SwWI} |eI0 ]
9€55997Is 14

zH €0 buluspeouq aur
ONISSID0Yd V.1vd
ZHIN LOYLELL00Y ‘LH IAYISIO
suoiladal gy

ZH 9°0009 YIPIM

295 0€£°C dwn "boy

s92169p 0’5 9s|nd

295 000°L Ae|ap "xe|ay

JEUNsiwu, 00t-YAONI
STHLTOL smlw 314
mew :0jesndQ

M 1867 /D057 dwa]
€]9P2 :JUIA|0S

|ndgs :2duanbag as|ng

STHLT9L Smlw 3y
21RP/SASIWUA/ [ IWUA/QOIXA/ 1K1I03D31IP SAIYDIY

9pNI-HL-91-§

S-78



Suppsuspaghnf oroaraiion

WiiklimensyaldhalaherMiller

wdd

OI

235 6S ‘Ul O SwWI} |eI0
9€55997Is 14

zH €'0 buluspeouq aur
ONISSID0Yd V.1vd

ZHIN S6ELELL00Y ‘LH IAYISIO
suoiiadal gy

ZH 9°0009 UIPIM

295 0€£°C dwin "boy

s92169p 0’5 9s|nd

295 000° L Ae|ap "xe|ay

JEUNsSIWU, 00t-YAONI
STHLTSLT smiw 314
mew :ojesadQ

M 1867 /D057 dwa]
€]PP2 :JUIA|0S

|ndgs :2duanbag as|ng

STHLTSL Smlw 314
21RP/SASIWUA/ [ IWUA/QOIXA/ :K101D311P SAIYDIY

9pNI-HL-SL-§

$79



Supporting Information

Williams, Walsh, Miller

wdd

O|

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHN 00VZELL'00F ‘LH 3AYISFO
suonnadalgl

ZH 0209 YIP'M

235 £00°C dw "boy

s9a163p 0’51 9s|nd

295 000 L Ae|ap xe|ay

JEunsiwu, 00%-YAONI
g HL ¥8L pmlw 3)14
Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ngd

g HL ¥8L pMmlw 314
e1eP/SASIWIUA/QOP/00Y!/ :A1012311p SAIYDLY

HL-¥8Ll-¥

S-80



Supporting Information

Williams, Walsh, Miller

295 61 “UIW & Iy € SWI [RI0L
9£559 9215 14

zH 0'Z Buluspeouq aur
DNISS3ID04Yd V1vd

paieinpow 91-Z17VM

uo Ajsnonupuod

gp Ty 1Iomod

ZHW £9%£SLL°00% ‘LH 31dN0OD3d
ZHIN $6£9809'001L ‘€D IAYISIO
suonnadal 0Z1LS

ZH T /51T YIPIM

95 169°0 dwn ‘boy

s93163p £'67 3S|Nd

335 005°L Aejop "xejay

JEUNsIWU, 00t-YAONI
DELT g Y8l pmlwi a4
mew :ojesndQ
M 1'862/D0°5Z dwal
€12P3 JUsA|0S

|ndgs :2duanbag as|ng

DELT g Y8l pmiw 314

e1eP/SASIWUA/GOP/00YI/ :A1010911p SAIYDIY

JEL-¥8Ll-¥

S-81



Supporting Information

Williams, Walsh, Miller

wdd

O|

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]

DNISS3ID0Hd v1va
ZHIN 00¥ZELL'007 ‘LH 3AYISI0

suonnadalgl

ZH 0209 YIP'M

295 €007 dw by

LLS s9a163p 0’51 9s|nd
235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
94

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-0vC-¥

S-82



Supporting Information

Williams, Walsh, Miller

295 GZ ‘ulw g| awl |e1o|

9€559 9IS 14

ZH 0"z buluapeouiq aui]
DNISS3ID0Hd v1vad

paie|npow 91-Z11vVM

uo Ajsnonupuod

gp ¢ 1emod

ZHN £9%/£SLL'00¥ ‘LH 31dNOD3A
ZHIN $6£9809'001 ‘€1D IAYISA0
suonnadaizig

ZH T'LSLST YIPIM

295 1§9°0 dwy "boy

s9a163p /'67 95|nd

295 005 | Ae|ap xe|ay

JEunsiwu, 00-VAONI
lIE]

Mew :1ojesdQo

M 1'867 /D 0'5Z "dway
€]2P2 JUSA|OS

|ndgs :9duanbag as|ng

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1019311P SAIYIIY

JEL-0vT-¥

S-83



Supporting Information

Williams, Walsh, Miller

wdd

O|

23S 6G ‘Ul 0 Wi} |e10 )]
9€55997Is 14

zZH £'0 buluapeoiq aui]
DNISSID0Hd V1vd

ZHIN £6€9£0L°66€ ‘LH IAYISIO
suonnadalg|

ZH 9°0009 YIPIM

295 0££° dwn by

s9a163p 0’51 9S|nd

295 000 L Ae|ap xe|ay

LEUNSIWU, 00-YAONI
2|14

M 1'867 /D 05T dwa)
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ng

14

21eP/SASIWUA/ LIWUA/QOFIXA/ K101311P DAIYDIY

HL-¥8C-¥

S-84



Supporting Information

Williams, Walsh, Miller

295 8z ‘Uulw g| aw |e1o|
9€55997Is 14

zZH 0L buluapeoiq aui]
DNISS3ID0Hd v1va

paiejnpow 91-711vYM

uo A|snonupuod

ap € 1omod

ZHW S9¥960£'66€ ‘LH 31dN0OD3IA
ZHIN 0¥95905°001 ‘€1D IAYISA0
suonadal 69f

ZH 0°'000ST YIP'M

295 §69°0 Wi} "boy

s9a163p 9'67 5|nd

295 005 | Aejap xe|ay

LEUNSIWU, 00F-YAONI
9|14

M 1'867 /D 05T dwa)
€12P> JUsA|0S

|ndgs :9duanbag as|ngd

1
e1ep/SASILUA/MRW/Q0IXA/ K101311P SAIYDIY

JEL-V8T-Y

S-85



Supporting Information

Williams, Walsh, Miller

wdd

O|

23S GG ‘Ul g awl) |e1o)
9€55997Is 14

zH 7’0 buluapeoiq aun]
DNISSID0Hd V1vd
ZHIN T¥6S¥08'667 ‘LH IAYISIO
suonnadalg|

ZH 8'966/ YIPIM

235 6¥0°C dw "boy

s9a163p 0’51 9s|nd

295 000 L Ae|ap xe|ay

LEUNsIwu, 00v-VAONI
d7HL 6£ pmliw 3114
Mew :10jesdQO

M 1867 /D 05T dwa)
€[2P2 :JUSA|0S

|ndgs :9duanbag as|ngd
d HL76€T ymlw 9]y

HL-6€C-¥

S-86



Supporting Information

Williams, Walsh, Miller

295 7| ‘UIW 6 dWi} [e10]
9€6599zIs 14

ZHO'C @C_Cw—umo\_ﬂ auln
DNISS3ID04Yd V1vd

pa1e|Npow 91-Z1T¥M

uo >_m303r__~COU

4ap ¢y 1omod

ZHIN £9%/SLL°00% ‘LH 31dNOD3A
ZHW $6£9809°00L ‘€LD JAYISIO
mCO_H_uwﬁ_wk_ [e]erd

ZH T LSLST YIP'M

95 169°0 dwn ‘boy

s9163p /'67 35|Nd

235 005°L Ae[ap "xejay

JEUNsIWU, 00t-YAONI
d™DE17587 pmlw 3y
mew :ojesndQ
N 1867 /D06 dwa]
€12P3 JUsA|0S

|ndgs :2duanbag as|ng

d™o€17587 pmlw 314

e1eP/SASIWUA/GOP/00YI/ :A1010911p SAIYDIY

D€L-98T-F

S-87



Supporting Information

Williams, Walsh, Miller

wdd

O|

o

23S g ‘UlW 0 dWi1} [e10 ]

9€559 9IS 14

ZH 6'0 buluapeoiq aui]

DNISS3ID0Hd v1va
ZHN 00VZELL'00F ‘LH 3AYISFO

suonnadalgl

ZH 0'70%9 YIPIM

€Ls 295 £00°C dWi by
s9a163p 0’51 9s|nd
235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
94

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

9|4
e1ep/SASIWUA/QOP/00Y!/ :A1019311P SAIYIIY

HL-8€C-¥

S-88



Supporting Information

Williams, Walsh, Miller

wdd o 0z

[EUTRERE I AR AR AR

ov

09

(4} (4} 091 081

N T A RTE B A RN RN RN SN AN E RN BN AR SRERERANEN TN AN

295 |G ‘Ul 9¢ dwiy [e10]
9€5599zIs 14

ZHO'C mc_cw_umo‘_n auln
ONISSID0Yd V1va

pa1e|npow 91-Z1 VM

uo >_m303r__~C0u

gp ¢t 1omod

ZHW £9%/S11°00% ‘LH 31dN0OD3AA
ZHI 7S82809°001 ‘€1D JAYISIO
suonnadal yzol

ZH T'/SLST YIPIM

235 169'0 dwn boy

so2169p /'67 95|Nd

295 005 L Ae|ap "xe|ay

JEUNsIWU, 00t-YAONI
9|4

mew :101e19dQ

M 1867 /D057 dwa]
€]9P2 :JUIAJOS

|ndgs :2duanbag as|ng

|4
e1eP/SASIWUA/GOP/00YI/ :A1010911p SAIYDIY

DEL-8ETY

S-89



Supporting Information

Williams, Walsh, Miller

N

23S 6G ‘Ul 0 Wi} |e10 )]
9€55997Is 14

zZH £'0 buluapeoiq aui]
DNISSID0Hd V1vd
ZHIN £6€9£0L°66€ ‘LH IAYISIO
suonnadalg|

ZH 9°0009 YIPIM

295 0££° dwn by

s9a163p 0’51 9S|nd

295 000 L Ae|ap xe|ay

LEUNSIWU, 00-YAONI

2|14
o OSdIL M 1'867 /D 05T dwa)
€[2P2 :JUSA|0S

|ndgs :9duanbag as|ng

14
21eP/SASIWUA/ LIWUA/QOFIXA/ K101311P DAIYDIY

HL-¥C-S

S-90



Supporting Information

Williams, Walsh, Miller

295 96 ‘UlW 9¢ awil} |e10|
9€55997Is 14

zZH 0L buluapeoiq aui]
DNISSID0Hd V1vd

paie|npow 91-Z11vM

uo A|snonupuod

ap € 1omod

ZHW S9¥960£'66€ ‘LH 31dN0OD3IA
ZHIN §S95905°001 ‘€1D IAYISA0
suonadal €6¢

ZH 0°'000ST YIP'M

395 §69°0 Wiy "boy

s9a163p 9'67 5|nd

295 005 | Aejap xe|ay

LEUNSIWU, 00F-YAONI
9|14

M 1'867 /D 05T dwa)
€12P> JUsA|0S

|ndgs :9duanbag as|ngd

1
e1ep/SASILUA/MRW/Q0IXA/ K101311P SAIYDIY

DEL-8LTY

S-91



Supporting Information

Williams, Walsh, Miller

235 66 ‘UlW 0 dW} [e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]

DNISS3ID0Hd v1va
ZHIN 650S80L°00% ‘LH 3AY¥3ISI0

suonnadalgl

ZH 9°0009 YIPIM

295 0££° dwn "boy

81S s9a163p 0’51 9s|nd
235 000° | Ae|op "xe|oy

«EUNsiwu, 00%-VYAONI
914

Mew :1ojesdQo

OH M 1862 /D 0°5T dway

€[2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

14
18P /SASIWUA/ LIWIUA/QOPIXA/ K101311P SAIYDIY

HL-€91-S

S-92



Supporting Information

Williams, Walsh, Miller

295 GZ ‘ulw g| awl |e1o|

9€559 9IS 14

ZH 0"z buluapeouiq aui]
DNISS3ID0Hd v1vad

paieinpow 91-Z11YM

uo Ajsnonupuod

gap € 1Iomod

ZHW 760S0LL°00% ‘LH 31dN0D3a
ZHIN L£9€£09°001L ‘€1D IAYISA0
suonnadal /¢

ZH T LSLST YIPIM

295 159°0 Wi} "boy

815 s9a163p /'67 95|nd
295 005 | Ae|ap xe|ay

JEunsiwu, 00-VAONI
lIE]

Mew :1ojesdQo

M 1'867 /D 0'5Z "dway
€]2P2 JUSA|OS

|ndgs :9duanbag as|ng

9|4
e1ep/SASIWIUA/QOP/00Y!/ :A1019311P SAIYIIY

J€L-€91-S

S-93



Supporting Information

Williams, Walsh, Miller

[

395 6S ‘Ul O Swl} |e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHN €65¥801°00% ‘LH 3IAYISAO
suonnadalgl

ZH 9°0009 YIPIM

295 0gLT dwy "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

JEUNsiWU, 00%-YAONI
914

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ngd

14
18P /SASIWUA/ LIWIUA/QOPIXA/ K101311P SAIYDIY

HL-0LZ-S

S-94



Supporting Information

Williams, Walsh, Miller

29561 ‘UIW S Iy 9L Wil [e10]
9€659 9715 | 4

ZHO'C mc_cw_umo\_n oul
DNISSID0Yd V1Va

paie|npow 91-Z1 VM

uo Zm:O:CECOU

gp 8¢ Jamod

ZHW ££§8890°00€ ‘LH 31dN0OD3A
ZHIN £96615F'SL '€1D IAYISA0
suonadal /8791

ZH 679881 YIPIM

295 898°0 dw} "boy

s22169p 9'67 35|Nd

295 005 L Ae|ap "xe|ay

JEUNsiwu, 00-YAONI
d™g17z91 smiw
M 1'862/D0°5Z dwal

€12P3 JUsA|0S

|ndgs :2duanbag as|ng

J€L-791-S

S-95



Supporting Information

Williams, Walsh, Miller

235 66 ‘UlW 0 dW} [e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHIN €99€801°00% ‘LH 3AY3ISI0
suonnadalgl

ZH 9°0009 YIPIM

295 0££° dwn "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
9|l

H . 114

Mew :1ojesdQo

OH M 1'867 /D 05T dwa)
o' R

€]2P2 :JUIA|0S

|ndgs :9duanbag as|ngd

14
18P /SASIWUA/ LIWIUA/QOPIXA/ K101311P SAIYDIY

HL-£1-9

S-96



Supporting Information

Williams, Walsh, Miller

295 6 ‘UIWI ZE 1Y | dwil [e10]
9€5599zIs 14

ZHO'C mc_cw_umo‘_n auln
ONISSID0Yd V1va

pa1e|npow 91-Z1 VM

uo >_m303r__~C0u

gp € 19mod

ZHIW 68£€0L1°00% ‘LH 31dN0OD3IA
ZHW 682€£09°001 ‘€LD JAYISIO
suonnadal peg|

ZH T'/SLST YIPIM

235 169'0 dwn boy

so2169p /'67 95|Nd

295 005 L Ae|ap "xe|ay

JEUNsIWU, 00t-YAONI
1]l
H 14

OH mew :ojesndQ
N 1867 /D06 dwal
@ ,f 7

€12dD AusA|0S

|ndgs :2duanbag as|ng

|4
e1eP/SASIWUA/GOP/00YI/ :A1010911p SAIYDIY

O€l-L1-9

S-97



Supporting Information

Williams, Walsh, Miller

wdd

O|

235 66 ‘UlW 0 dW} [e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHIN €99€801°00% ‘LH 3AY3ISI0
suonnadalgl

ZH 9°0009 YIPIM

295 0££° dwn "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

LEUNSIWU, 00-YAONI
94

Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :JUSA|0S

|ndgs :9duanbag as|ngd

14

18P /SASIWUA/ LIWIUA/QOPIXA/ K101311P SAIYDIY

HL-0Z-9

S-98



Supporting Information

Williams, Walsh, Miller

295 6 ‘UIWI ZE 1Y | dwil [e10]
9€5599zIs 14

ZHO'C mc_cw_umo‘_n auln
ONISSID0Yd V1va

pa1e|npow 91-Z1 VM

uo >_m303r__~C0u

gp € 19mod

ZHIW 68£€0L1°00% ‘LH 31dN0OD3IA
ZHW 682€£09°001 ‘€LD JAYISIO
suonnadal 1917

ZH T'/SLST YIPIM

235 169'0 dwn boy

so2169p /'67 95|Nd

295 005 L Ae|ap "xe|ay

JEUNsiwu, 00-YAONI
9|4

mew :101e19dQ

M 1867 /D057 dwa]
€1DAD JUSA|0S

|ndgs :2duanbag as|ng

1

e1eP/SASIWUA/GOP/00YI/ :A1010911p SAIYDIY

J€1-0T-9

S-99



Supporting Information

Williams, Walsh, Miller

wdd

O|

235 66 ‘UlW 0 dW} [e10]

9€559 9IS 14

zZH £'0 buluapeoiq aui]
DNISS3ID0Hd v1va
ZHN €99€801°00% ‘LH 3IAYISO
suonnadalgl

ZH 9°0009 YIPIM

295 0££° dwn "boy

s9a163p 0’51 9s|nd

235 000° | Ae|op "xe|oy

JEunsiwu, 00%-YAONI
A HL vE omlw 314
Mew :1ojesdQo

M 1862 /D 0°5T dway
€]2P2 :1U3A|0S

|ndgs :9duanbag as|ngd

Cd HL vE omlw 314
21eP/SASIWUA/ [AWUA/QOPIXA/ :A1010311P SAIYDIY

HL-v€-9

S-100



Supporting Information

Williams, Walsh, Miller

295 8€ ‘UlW L7 1Y GL dwil [elo]
9€659 9715 | 4

ZHO'C mc_cw_umo\_n oul
DNISSID0Yd V1Va

paie|npow 91-Z1 VM

uo Zm:O:CECOU

ap €t Jamod

ZHW 68£E0L1°00% ‘LH 31dN0OD3A
ZHN 687€£09°00L ‘€1D JAYISA0
suonadal 0095¢

ZH TLSLST YIPIM

295 1§9°0 dwi} "boy

so2169p /'67 95|Nd

295 005 L Ae|ap "xe|ay

JEUNsiwu, 00-YAONI
d™Oe1 ve omlw )14
mew :ojesndQ

M 1867 /D057 dwa]
€12dD 3uUsA|0S

|ndgs :2duanbag as|ng

d™oe1L pe omlw 314

e1eP/SASIWUA/GOP/00YI/ :A1010911p SAIYDIY

Jel-ve-9

S-101



wdd 0- L 14 € % S 9 L 8 6
7 7 7 7 L 7 7 7 7

Supporting Information

Williams, Walsh, Miller

081 g8l

39S €6 ‘UIW 6E dWI) [eI0]
9€6599zIs 14

zH £°0 Buiuapeoiq aur]
DNISS3ID0Yd V1vd

ZHN S¥£€801L°00% ‘LH IAYISO
suonnadai op9

ZH 9°0009 Yip'Mm

L1 295 g/ dwn “boy
$32163p 0'Siy 95|Nd
COC_EV qv COEEV ey 335 000°L Aejop "xejey

JEUNsIWU, 00t-YAONI
suedsQze ¢d HLT8E omlwi 314
mew :101e19dQ

M 1867 /D057 dwa]

€]9P2 :JUIAJOS

Sl
|ndgs :2duanbag as|ng

ol suedspze ¢d HL8E omlw :a)14

0z 21RP/SASIWUA/ [ IWUA/QOIXA/ 1K103D31IP SAIYDIY

HL-8€-9

S-102



Supporting Information

Williams, Walsh, Miller

wdd 0o

NI N O B R B AN AR Y

0c¢

91

Ll

0¢

cl

Sl

0l

8l

(4}

NI

(Joutw) qiy

€l

vl

6l

39S 8- ‘UIW € 4Y 78E08L dWI3 [e10 |
TL0LELdzIS |

ZHO'C mc_cw_umo‘_n auln
ONISSID0Yd V1vda

pa1e|npow 91-Z1 VM

uo >_m30:c_«r_0u

gp 9t 1omod

ZHW L€80£08'66% ‘LH 31dN0OD3AA
ZHW ¥%965£9'SZ1 ‘€1D JAYISIO
suonnadal /9858

ZH 6'S9LOE YIPIM
J9S 00€’L swi} .Uu<
mww\_mwﬁ L6 °s|nd
29SS 00S°L \Am_wU ‘Xe|oy

JEUNsiwu, 00-YAONI
d™og1 78 omlw i3y
ysiemlew :ioyesado

N 1867 /D06 dwa]
€12@D udAjoS

|ndgs :2duanbag as|ng
d™e178e omlw 3|14

O€L-8€-9

S-103



	ExperimentalsRevised3.pdf
	Combined
	3-37-1H
	3-37-13C
	5-299-1H
	5-299-13C
	5-301-1H
	5-301-13C
	5-251-1H
	5-251-13C
	4-295-1H
	5-101-13C
	2-173-1H
	6-16-13C
	2-231-1H
	2-187-13C
	3-221-1H
	6-22-13C
	3-251-1H
	3-250-13C
	3-252-1H
	3-252-13C
	3-254-1H
	3-227-13C
	3-261-1H
	3-261-13C
	4-165-1H
	4-66-13C
	4-280-1H
	4-280-13C
	4-82-1H
	4-224-13C
	4-179-1H
	4-179-13C
	5-16-1H-crude
	5-15-1H-crude
	4-184-1H
	4-184-13C
	4-240-1H
	4-240-13C
	4-284-1H
	4-284-13C
	4-239-1H
	4-285-13C
	4-238-1H
	4-238-13C
	5-24-1H
	4-278-13C
	5-163-1H
	5-163-13C
	5-210-1H
	5-162-13C
	6-17-1H
	6-17-13C
	6-20-1H
	6-20-13C
	6-34-1H
	6-34-13C
	6-38-1H
	6-38-13C




