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General Methods

All reactions involving air- and moisture-sensitive reagents were carried out using oven dried
glassware and standard syringe-septum cap techniques. 'H and 'C NMR spectra were
recorded on a 400 MHz NMR spectrometer in CDCl; or acetone-ds (400 MHz for 'H and 100
MHz for 13C, respectively) with residual CHCI; or acetone as the internal reference. IR spectra
were taken on a FT-IR spectrophotometer. High-resolution mass spectra (HRMS) were
measured by the +ESI method. Optical rotation data were recorded using quartz cells of 3.5
mm ID x 100 mm and 3.5 mm ID x 10 mm, respectively. Silica gel plates pre-coated on glass
were used for thin-layer chromatography using UV light, or 7% ethanolic phosphomolybdic
acid and heating as the visualizing methods. Silica gel was used for flash column
chromatography with mixed ethyl acetate (EtOAc) and petroleum ether (PE; bp 60-90 °C) as
the eluting solvents. Yields refer to chromatographically and spectroscopically ('"H NMR)
homogeneous materials. Anhydrous THF, Et,0O and PhMe were freshly distilled from sodium
benzophenone ketyl under N,. Anhydrous triethylamine EN, CH,Cl,, and N,N-
Dimethylformamide (DMF) were freshly distilled over CaH,. Anhydrous cyclohexane was
freshly distilled over LiAlH,. Other reagents were obtained commercially and used as

received. Ambient temperature ranges from 10-30 °C unless otherwise stated.



Experimental Details and Compound Characterization

Methyl (S)-2-Methyl-3-[(4'-toluenesulfonyl)oxy]propionate!

o) O
TsCl, Et;N, DMAP
HO/\)kOMe TsO OMe

Me CHuCly, 1t, 12 h Me
(S)-Roche ester 95%

To a solution of methyl (S)-(+)-3-hydroxy-2-methylpropionate (Roche ester, 2.50 g, 21.1
mmol) in anhydrous CH,Cl, (30 mL) cooled in an ice—water bath (ca. 0 °C) was sequentially
added Et;N (3.8 mL, 27.5 mmol), DMAP (0.38 g, 3.2 mmol), and p-TsCl (4.84 g, 25.4 mmol)
followed by stirring for overnight at room temperature. The reaction was quenched with water
and the reaction mixture was extracted with EtOAc (2 x 60 mL). The combined organic layer
was washed with brine (40 mL), dried over anhydrous Na,SO,, filtered, and concentrated
under reduce pressure. The residue was purified by flash column chromatography (silica gel,
25% EtOAc in PE) to afford the tosylate (5.45 g, 95%) as a colorless oil. [a]p'* +4.27 (¢ 3.36,
CHCl,); lit.'2 [a]p'7? +3.8 (¢ 2.0, CHCly); Rf'= 0.30 (PE/EtOAc = 4/1); Spectroscopic data
matched that previously reported. 'H NMR (400 MHz, CDCls) & 7.77 (d, J = 8.4 Hz, 2 H),
7.35(d,J=8.0 Hz, 2 H), 4.18 (dd, J = 6.8, 2.8 Hz, 1 H), 4.05 (dd, /= 6.8, 2.8 Hz, 1 H), 3.63
(s, 3 H), 2.83-2.77 (m, 1 H), 2.44 (s, 3 H), 1.16 (d, /= 7.2 Hz, 3 H); '3C NMR (400 MHz,
CDCl3) 6 173.0, 144.9, 132.7, 129.8 (x2), 127.9 (x2), 70.7, 52.0, 39.1, 21.6, 13.6.

(2R,3R 4S5)-(1R,2S)-2-(N-benzyl-2,4,6-trimethylphenylsulfonamido)-1-phenylpropyl 3-
hydroxy-2,4-dimethyl-5-(tosyloxy)pentanoate (8)
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. | _78 00 X Me
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To a solution of above tosylate (1.18 g, 4.3 mmol) in anhydrous toluene (20 mL) cooled in a
EtOH-liquid nitrogen bath (ca. —90 °C) was slowly added via syringe a solution of Dibal-H
(1.0 M in hexane, 4.8 mL, 4.8 mmol) followed by stirring for 1 h at the same temperature.
The reaction was quenched by adding EtOAc (10 mL) and the resultant mixture was allowed
to warm up to room temperature. To the mixture was added an aqueous solution of citric acid
(1.0 M, 15 mL) with vigorous stirring. The organic layer was separated and the aqueous layer
was extracted with EtOAc (2 x 30 mL). The combined organic layer was washed with brine

(20 mL), dried over Na,SO,, filtrated, and condensed under reduced pressure to afford the



unstable crude aldehyde 6! 2 (ca. 1 g) as a colorless oil which was immediately used for the
next step.

To a stirred solution of ester 7 (1.0 g, 2.1 mmol) in dry CH,Cl, (20 mL) cooled at —78 °C was
added Et;N (1.46 mL, 10.5 mmol) under a nitrogen atmosphere. After stirring at =78 °C for 5
min, Cy,BOTf (1.0 M in hexane, 6.3 mL, 6.3 mmol) was added dropwise over 20 min. The
resultant solution was stirred at —78 °C for 2 h. Then the above crude aldehyde 6 was added
dropwise followed by stirring at —78 °C for 1 h. The reaction was allowed towarm to —78 °C
over 1 h and the reaction was quenched by addition of pH = 7 buffer and MeOH (1/1, v/v, 20
mL). The reaction mixture was diluted with MeOH (20mL) to make a homogeneous solution.
After careful addition of 30% H,0, (20 mL), the mixture was stirred at room temperature for
14 h and then concentrated under reduced pressure. The residue was partitioned between
water (50 mL) and CH,Cl, (50 mL) and the aqueous layer was extracted with CH,Cl, (50 mL)
for three times. The combined organic layer was washed with brine, dried over anhydrous
Na,SO, and concentrated under reduced pressure. The residue was puried by column
chromatography (silica gel; EtOAc/PE = 1/10) to afford the anti-aldol product 8 (1.06 g, 70%
yield for two steps) as a white solid. mp 123.4~125.3 °C (EtOAc-hexane); [a]p** +1.7 (¢ =
1.000, CHCl;); R,= 0.16 (PE/EtOAc = 4/1); IR (film) 3511, 2979, 1737, 1318, 1152 cm™!; 'H
NMR (400 MHz, CDCl;) 7.76 (d, J = 8.4 Hz, 2H), 7.32 (d, /= 8.0 Hz, 2 H), 7.26-7.15 (m, 8
H), 6.92 (s, 1 H), 6.90 (d, J=2.0 Hz, 1 H), 6.87 (s, 2 H), 5.88 (d, /= 8.0 Hz, 1H), 4.68, 4.55
(ABq, J=16.8 Hz, 2 H), 4.15-4.06 (m, 1 H), 4.02 (t, /= 8.8 Hz, 1 H), 3.91 (dd, J = 9.6, 6.0
Hz, 1 H), 3.77-3.72 (m, 1 H), 2.65 (d, J = 4.8 Hz, 1H), 2.50 (s, 6 H), 2.43 (s, 3 H), 2.45-2.39
(m, 1 H), 2.27 (s, 3 H), 2.01-1.94 (m, 1H),1.15 (d, J = 8.8 Hz, 3H), 1.01 (d, J = 7.6 Hz, 3H),
0.82 (d, /= 7.2 Hz, 3H); 3*C NMR (400 MHz, CDCl;) 174.5, 144.8, 142.6, 140.1 (x2), 138.3,
138.0, 133.3, 132.8, 132.1 (x2), 129.8 (x2), 128.4 (x2), 128.3 (x2), 128.0, 127.8 (x2), 127.4
(x2), 127.1, 125.7 (x2), 78.5, 72.4, 70.8, 56.8, 48.2, 43.0, 34.3, 22.9 (x2), 21.6, 20.8, 13.4,
13.0, 8.5; HRMS (ESI+) calcd for C30Hs7NOgS,Si* [M+Na]* 744.2635, found 744.2640.

(2R,3R,4S5)-(1R,2S5)-2-(N-benzyl-2,4,6-trimethylphenylsulfonamido)-1-phenylpropyl 2,4-
dimethyl-5-(tosyloxy)-3-((triethylsilyl)oxy) pentanoate (9)

OH O Ph Ph
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To a solution of 8 (356 mg, 0.49 mmol) in dry CH,Cl, (5 mL) cooled at 0 °C was



sequentially added 2,6-lutidine (0.19 mL, 0.98 mmol) and TESOTTf (0.17 mL, 0.74 mmol)
under a nitrogen atmosphere. After stirring at 0 °C for 1 h, the reaction was quenched by
addition of saturated aqueous NaHCO; at 0 °C. The resultant reaction mixture was extracted
with EtOAc and the combined organic layer was washed with brine, dried over anhydrous
Na,S0,, fltered, and concentrated under reduced pressure. The residue was puried by column
chromatography (silica gel; EtOAc/Petroleum Ethers = 1/20) to give the product 9 (400 mg,
98%) as a white solid. [a]p?® +10.26 (¢ = 1.000, CHCl;); R,= 0.46 (4:1 PE/EtOAc); IR (film)
2956, 1740, 1150, 1012 cm™'; 'H NMR (400 MHz, CDCl3) 7.73 (d, J = 8.4 Hz, 2H), 7.34—
7.16 (m, 7 H), 7.18 (t,J=7.6 Hz, 1 H), 7.08 (t, /= 8.4 Hz, 2 H), 6.83 (s, 2 H), 6.78 (d,J="7.6
Hz, 2H), 5.64 (d,J= 6.8 Hz, 1H), 4.77, 4.38 (ABq, J = 16.4 Hz, 2 H), 4.14-4.07 (m, 1 H),
3.87-3.83 (m, 3 H), 2.52-2.44 (m, 1 H), 2.43 (s, 3 H), 2.63 (s, 6 H), 2.29 (s, 3 H), 1.89-1.83
(m, 1 H), 1.19 (d, J = 7.6 Hz, 3H), 0.89-0.84 (m, 12H), 0.80 (d, J = 7.6 Hz, 3H), 0.56-0.41
(m, 6 H); 3C NMR (400 MHz, CDCls) 172.7, 144.7, 142.3, 140.4 (x2), 138.2, 137.8, 132.9,
132.8, 132.1 (x2), 129.7 (x2), 128.4 (x2), 128.3 (x2), 128.2 (x2), 127.9 (x3), 127.4, 126.7
(x2), 77.8, 72.7, 72.6, 56.4, 48.0, 44.6, 35.7, 22.8 (x2), 21.6, 20.9, 15.1, 13.6, 10.4, 7.0(x3),
5.2 (x3); HRMS (ESI+) calcd for C45Hg;NOgS,Si* [M+Na]*: 858.3500, found 858.3506.

(2R,385,4R)-(1R,25)-2-(N-benzyl-2,4,6-trimethylphenylsulfonamido)-1-phenylpropyl  5-
iodo-2,4-dimethyl-3-((triethylsilyl)oxy) pentanoate (5)
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To a solution of 9 (1.47 g, 1.76 mmol) in THF (18 mL) was added Lil (353 mg, 2.64 mmol)
followed by heating at 60 °C for 5 h. The reaction was quenched by water and the reaction
mixture was extracted with Et2O (20 mL). The organic layer was dried over anhydrous
Na,S0,, filtered, and concentrated under reduced pressure. The residue was puried by column
chromatography (silica gel; EtOAc/PE = 1/20) to give the product 5 (1.32g, 95%) as a white
solid. [a]p?* +19.8 (¢ = 1.000, CH,CL,); R,= 0.5 (8:1 PE/EtOAc); IR (film) 2953, 1737, 1455,
1320, 1151, 1006 cm™!; 'H NMR (400 MHz, CDCl;) 6 7.35 (d, J= 7.2 Hz, 2H), 7.30-7.17 (m,
4H), 7.11 (t,J = 7.6 Hz, 2 H), 6.84 (s, 3 H), 6.81 (s, 1 H), 5.70 (d, /= 6.0 Hz, 1 H), 4.80, 4.44
(ABq, J = 16.4 Hz, 2 H), 4.15-4.08 (m, 1 H), 3.84 (t, J = 4.8 Hz, 1 H), 3.09-2.98 (m, 2H),
2.58-2.51 (m, 1 H), 2.39 (s, 6 H), 2.29 (s, 3 H), 1.69-1.65 (m, 1 H), 1.22 (d, J = 6.8 Hz, 3H),
1.10-0.92 (m, 15 H), 0.65-0.58 (m, 6 H); '3C NMR (400 MHz, acetone-ds) & 173.1, 143.5,



140.9 (x2), 139.9, 139.2, 134.2, 133.0 (x2), 129.1 (x2), 129.0 (x2), 128.9 (x2), 128.7, 128.1,
127.4 (x2), 78.8, 77.3, 57.6, 48.8, 45.1, 40.0, 23.1 (x2), 20.8, 15.7, 15.3,14.2, 13.5, 7.4 (x3),
6.0 (x3); HRMS(ESI+) caled for C35Hs,INO;SSi* [M+Na]* 814.2429, found 814.2433.

(2R,3R4S,2)-(1R,25)-2-(N-benzyl-2,4,6-trimethylphenylsulfonamido)-1-phenylpropyl
2,4-dimethyl-3-((triethylsilyl)oxy)oct-6-enoate (11)

9-Me0-9-BBN, t-BulLi, Et,0, -78 °C;

_ 0, H _, 0, f
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A flame-dried two-neck round bottom flask of 50 mL capacity was charged with the alkyl
iodide 5 (245.0 mg, 0.31 mmol) and was then evacuated and backfilled with argon (5 times).
A solution of 9-MeO-9-BBN (1 M in hexanes, 1.4 mL, 1.4 mmol) and freshly distilled dry
Et,0O (5.0 mL) were added with a syringe at room temperature. The colorless solution was
cooled to —78 °C in a dry ice/acetone bath. After stirring for 5 min, a solution of #BuLi (1.6
M in heptane, 0.78 mL, 1.24 mmol) was rapidly added with a syringe in one portion at
—78 °C. The resulting milky suspension was stirred for 30 min at the same temperature, and
freshly distilled dry THF (5.0 mL) was added. The mixture turned clear and was stirred
sequentially at —40 °C for 30 min, at —20 °C for 30 min, and then at room temperature for
another 1.5 h to form a homogeneous pale yellow solution of the alkyl borinate.
A two-neck round bottom flask of 100 mL capacity was charged with Pd(OAc), (6.6 mg, 0.03
mmol), Aphos-Y (25.3 mg, 0.05 mmol),4 and K;PO,4 (197 mg, 0.93 mmol) and was evacuated
and backfilled with argon (5 times). A solution of the (Z)-1-bromoprop-1-ene (132 pL, 1.55
mmol) in degassed THF (5.0 mL) was added with a syringe, followed by the addition of
degassed H,O (100 pL, 5.58 mmol). The mixture was stirred at room temperature for 5 min,
and then the above alkyl boriante was transferred with a syringe. After being stirred at room
temperature overnight the reaction mixture was filtered off through a plug of Celite and rinsed
with EtOAc. The combined organic layer was concentrated under reduced pressure and the
residue was purified by column chromatography (silica gel, EtOAc/PE = 1/20) to give 11
(88.0 mg, 40%) as a colorless oil. [a]p* +11.2 (¢ = 1.000, CH,CL); R, = 0.22 (PE/EtOAc =
20:1); IR (film) 2955, 1742, 1456, 1324, 1152, 1011 cm™'; 'H NMR (400 MHz, acetone-ds) &
7.47 (d, J = 6.8 Hz, 2H), 7.34-7.21 (m, 4H), 7.17-7.12 (m, 2 H), 6.98 (s, 2 H), 6.90 (d, J =
7.2 Hz, 2H), 5.76 (d, J = 6.0 Hz, 1 H), 5.50-5.42 (m, 1 H), 5.36-5.26 (m, 1 H), 4.91, 4.53
(ABq, J = 16.4 Hz, 2 H), 4.08-4.01 (m, 1 H), 3.84 (dd, /= 6.8, 3.6 Hz, 1 H), 2.71-2.64 (m, 1
5



H), 2.41 (s, 6 H), 2.33 (s, 3 H), 1.96 (t, J = 7.2 Hz, 2H), 1.64-1.54 (m, 1 H), 1.55-1.52 (m, 3
H) 1.19 (d, J = 6.8 Hz, 3H), 1.01-0.93 (m, 12 H), 0.85 (d, J = 6.8 Hz, 3H), 0.64 (dd, J = 8.0,
8.0 Hz, 6 H); '3C NMR (400 MHz, acetone-ds) 6 173.5, 143.5, 140.9, 139.9, 139.3, 134.2,
133.0 (%2), 129.9, 129.1 (x2),129.0 (x5), 128.7, 128.1, 127.3 (x2), 125.4, 78.6, 78.0, 57.6,
48.9,45.8,37.1,32.2,23.1 (x2), 20.8, 15.4, 13.9, 13.7, 13.1, 7.4 (x3), 6.0 (x3);HRMS (ESI+)
calcd for C4H5oNOsSSi*[M+Na]* 728.3775, found 728.3779.

(28,3R,45,7)-2 ,4-dimethyl-3-((triethylsilyl)oxy)oct-6-en-1-o0l (13)

Me TESO O Ph Me TESO
x ~_~Me 3eq Dibal-H
O/ﬁ Etoq 78°C, 1h S i OH
Me Me Bn/N‘SOZMes 2+ J Me Me
11 75% 13

To a solution of the TES ether 11 (35 mg, 0.05 mmol) in dry Et,O (1 mL) cooled at -78 °C
was added Dibal-H (1.0 M in hexane, 0.18 mL, 0.18 mmol) under a nitrogen atmosphere. The
resultant mixture was stirred at the same temperature for 1 h and then allowed to warm to
room temperature. The reaction mixture was quenched by carefully adding saturated aqueous
Na,COj; (5 mL) and the resultant mixture was diluted with Et,O (5 mL) with vigorous stirring
till the mixture became clear. The organic layer was separated and the aqueous layer was
extracted with Et,0 (3x10 mL). The combined organic layer was washed with brine, dried
over anhydrous Na,SQ,, filtered, and concentrated under reduced pressure. The residue was
purified by column chromatography (silica gel; EtOAc/PE = 1/20) to give the alcohol 13 as a
colorless oil. [a]p*® —3.0 (¢ = 1.000, CH,Cl,); R,= 0.44 (6:1 PE/EtOAc); IR (film) 2923, 1461,
1378, 1239, 1009 cm™'; '"H NMR (400 MHz, acetone-dg) & 5.49-5.39 (m, 2H), 3.69-3.63 (m,
2H), 3.50-3.43 (m, 1H), 3.81 (t, J = 5.2 Hz, 1H), 2.08-2.04 (m, 1H),1.79-1.69 (m, 2H), 1.60
(d, J=6.0 Hz, 3H), 0.10 (t, /= 8.0 Hz, 9H), 0.94 (d, /= 6.8 Hz, 3H), 0.86 (d, J=6.4 Hz, 3H),
0.67 (q, J = 8.0 Hz, 6H); '*C NMR (400 MHz, acetone-dg) & 130.4, 125.0, 78.6, 64.8, 40.6,
37.2,32.7,14.7, 13.5, 13.0, 7.3 (x3), 6.0 (x3); HRMS (EI+) calcd for C,4H3,0,Si" [M-C,Hs]*
257.1931, found 257.1940.

(2R,3R,4S,7Z)-2,4-dimethyl-3-((triethylsilyl)oxy)oct-6-enal (14)

Me TESO Me TESO O
S : H DMP N . H
Y NaHCO3, CH20|2 Me Me
Me Me rt,1.5h
13 14



To a solution of the alcohol 13 (12 mg, 0.03 mmol) in dry CH,Cl, (5 mL) cooled in an ice—
water bath (ca. 0 °C) was added powdered NaHCO; (25 mg, 0.3 mmol) and Dess-Martin
periodinane (27 mg, 0.06 mmol) followed by stirring at room temperature for 1.5 h. The
reaction was quenched with saturated aqueous Na,S,0; and NaHCO; and the resultant
mixture was diluted with Et,O (5 mL) and stirred for 15 min. The organic layer was separated
and the aqueous layer was extracted with Et;O (3x10 mL). The combined organic layer was
washed with brine, dried over anhydrous Na,SO,, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography (silica gel, EtOAc/PE = 1/50)
to give the aldehyde 14 as a colorless oil. [a]p?! —8.36 (¢ = 1.000, CH,Cl,); R, = 0.58 (10:1
PE/EtOAc) IR (film) 2923, 2854, 1728, 1463, 1262, 1099, 1016 cm™!; 'TH NMR (400 MHz,
acetone-ds) 6 9.78 (d, J = 2.8 Hz, 1H), 5.55-5.49 (m, 1H), 5.44-5.37 (m, 1H), 6.96 (dd, J =
4.0, 2.0 Hz, 1H), 2.64-2.60 (m, 1H), 2.15-2.01 (m, 2H), 1.78-1.73 (m, 2H), 1.61 (d, J = 6.8
Hz, 3H), 1.06 (d, J= 6.8 Hz, 2H), 0.98 (t, J= 8.0 Hz, 9H), 0.91 (d, /= 6.8 Hz, 3H), 0.65 (q, J
= 8.0 Hz, 6H); '3C NMR (400 MHz, acetone-dg) 6 204.6, 129.8, 125.6, 78.6, 50.9, 38.6, 31.5,
14.3, 13.1, 12.0, 7.3 (x2), 5.9 (x2); HRMS (EI+) caled for C,¢H3,0,Si* [M-C,H;s]* 255.1775,
found 255.1775.

(2E4S,5R,65,87)-methyl 4,6-dimethyl-5-((triethylsilyl)oxy)deca-2,8-dienoate (15)

Me TESO O Me TESO (0]
o PhsP=CHCO,Me
I H—— 7 772 N Y X OMe
Me Me PhMe, 60 °C, 24 h Me Me
14 15

To a solution of the previous aldehyde 14 in dry toluene (2 mL) were added Ph;P=CHCO,Me
(25.4 mg, 0.076 mmol), and the solution was stirred at 60 °C for 24 h. Then the reaction
mixture was cooled to room temperature and concentrated under reduced pressure. The
residue was purification by flash chromatography (silica gel; EtOAc/PE = 1/50) to afford the
a, p-unsaturated ester 15 as a colorless oil.

[a]p?® —8.88 (c = 1.000, CH,Cl,); R, = 0.29 (50:1 PE/EtOAc) IR (film) 2957, 2878, 1726,
1657, 1459, 1240, 1099, 1010 cm™'; '"H NMR (400 MHz, acetone-dg) & 7.04 (dd, J=15.6, 8.4
Hz, 1H), 5.86 (dd, /= 16.0, 1.2 Hz, 1H), 5.52-5.46 (m, 1H), 5.41-5.35 (m, 1H), 3.68 (s, 3H),
3.64 (dd, J = 5.2, 4.0 Hz, 1H), 2.65-2.58 (m, 1H), 2.09-1.98 (m, 2H), 1.71-1.65 (m, 1H),
1.58 (d, J= 6.8 Hz, 3H), 1.07 (d, /= 7.2 Hz, 3H), 0.99 (t, J= 8.0 Hz, 9H), 0.88 (d, /= 6.8 Hz,
3H), 0.66 (q, J = 8.0 Hz, 6H); 3C NMR (400 MHz, acetone-dg) 6 167.2, 153.2, 130.1, 125.4,
121.4,80.5,51.4, 41.5,38.5,31.9, 17.8, 14.3, 13.1, 7.4 (x3), 6.1 (x3); HRMS (EI+) calcd for



C19H3605Si* [M-C,Hs]* 311.2037, found 311.2052.
(2E,4S,5R,65,82)-4,6-dimethyl-5-((triethylsilyl)oxy)deca-2,8-dienoic acid (4)

Me TESO (0]
“ “ LiOH- H,0, MeoH ¢ TESQ Q
- OMe X X OH
I THF:H,0=1:1 (V:V)
e Me rt, 12h Me Me
15 4

72% for three steps from 13

To a solution of the methyl ester 15 in a mixture of THF/H,O (3.0 mL, v/v =1:1) was added
an aqueous solution of LiOH * H,O (0.38 mL, 0.38 mmol) and MeOH. The resultant solution
was stirred for 12 h at room temperature, and 1 N HCI was added dropwise to reaction
mixture till pH=3-4. The reaction mixture was extracted with EtOAc (3x5 mL). The
combined organic layers were washed with brine, dried with anhydrous Na,SO,, and
concentrated under reduced pressure. The residue was purified by column chromatography
(silica gel, EtOAc/PE = 1/10) to give the acid 4 (7 mg, 72% yield for three steps from 13) as a
colorless oil. [a]p* —17.5 (¢ = 1.000, CH,CL); R, = 0.56 (4:1 PE/EtOAc); IR (film) 2960,
2878, 2334, 1698, 1652, 1417, 1279, 1101, 1015 cm™'; '"H NMR (400 MHz, acetone-dg) &
7.04 (dd, J = 15.6, 8.8 Hz, 1H), 5.84 (dd, J = 15.6, 0.8 Hz, 1H), 5.53-5.45 (m, 1H), 5.41-5.34
(m, 1H), 3.64 (dd, J=5.2, 4.0 Hz, 1H), 2.65-2.59 (m, 1H), 2.07-2.03 (m, 2H), 1.72-1.67 (m,
1H), 1.59 (d, J = 6.4 Hz, 3H), 1.08 (d, J = 6.8 Hz, 3H), 0.99 (t, /= 8.0 Hz, 9H), 0.89 (d, J =
6.8 Hz, 3H), 0.67 (q, J = 8.0 Hz, 6H); '3C NMR (400 MHz, acetone-dy) 8 167.3, 153.0, 130.0,
125.2, 121.7, 80.4, 41.3, 38.3, 31.7, 17.7, 14.1, 13.0, 7.2 (%3), 5.9 (x3); HRMS (Maldi-Tof)
Ci1sH340;S1" [M-C,Hs5+H*] 298.196, found 298.184.

Reference

' (a) C. Aissa, R. Riveiros, J. Ragot and A. Fiirstner, J. Am. Chem. Soc., 2003, 125, 15512-15520. (b)
D. A. Kummer, J. B. Brenneman, S. F. Martin, Org. Lett., 2005, 7, 4621-4623.
2H. Li,J. Wu, J. Luo and W. M. Dai, Chem. Eur. J., 2010, 16, 11530.



NMR spectra.
'H NMR of 8

oM 1m0
D
P mm
[ S

?260
T.227
7.212

7.193
7.187
7.470
6.917
§.903
6.898
6.869
5.883
5873
4,703
4,661
4,569
4.528
4,130
4111
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4,003
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3910
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3734
2656
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2, 429
2412
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2.274
2.01
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1.974
1,960
1.574
1.160
1.142
1.027
1.008
0.832
0.814
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Sample:hww120314
Tue Sep 25 16:47:30 2012
SOLVENT: CDCI3
Experiment = zg30
Pulsa length = 15.000 usec
Recycle delay = 1.000 sec
NA = 16
PTS1d = 65536
F1 = 400132813 MHz
F2 = 1.000000 MHz
SW1= 10000.00 Hz
AT1= 6.55sec
Hz per PtistD= 0.15Hz
SWz = 1.00 Hz
Hz per Pt2ndD = 1.00 Hz
01 = 2763.7808 Hz
02 = 2470.9666 Hz
LB1= 000 Hz
TP A= 000

B= 000

C= 000

132 4 o4

s Ml

fos

10 8

13CNMR of 8

174.695

o

sample:hww120314(),
Wed May 15 03:16:19 2013
SOLVENT: CDCI3,
Experiment = zgpg30
Pulse length = 10.000 usec
Recycle delay = 1.500 sec
MA = 512
PTS1d = 32768
F1 = 100.622826 MHz
F2 = 1.000000 MHz
SW1= 29761.90 Hz
AT1= 1.10sec
Hz per Pt 1stD = 091 Hz
Swz= 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 10062.8223 Hz
02 = 1600.5200 Hz
LB1= 000 Hz
TF A= 0.00

B= 0.00

C= 0.00

145,020
142,784

140,365
138.618

138,300
133477
133.021
132,311
130,042
128.673
128.518
128.186
128.045
127.599
127,357
125.962

N

o
I
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g
0
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<
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Me
TSOWO/\“‘
N
Bn~

~SO,Mes

78.688
T7.546
77,226
76.900

72,593
71.057

e

57.020

48.378

43,186

34.503

21,797
21,053
8.758

23120
—\-\_

___—13577
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'H NMR of 9

7739
7718
7338

P Gy,

sample:hww121228,

Tue May 21 05:33:50 2013
SOLVENT: CDCI3,
Experiment = 2530

Pulse length = 15,000 usec
Recycle delay =  1.000 sec 5

NA= 16 ~Me
PTS1d = 65536 TsO O

F1 = 400.132813 MHz

F2 = 1.000000 MHz
SW1= 10000.00 Hz
AT1= 6.55sec

Hz per Pt 1stD = 0.15Hz
swzs= 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 2763.5288 Hz

02 = 24709666 Hz sh7
LB1= 000 Hz
TP A= 000

3jo8

pos oo

7082
6826
6.791
6772
5655
5638
4786
4.745
4402
4362
4143
4125
4108
091
4074
3861
3849
3A3z2
2505
2487
2468
2427
2363
22m
1889
1882
1872
1865
1856
1848
1839
1831
1567
1254
1.205
1188
04880
0874
0859
0840
0812
0795
0540
0522
0508
0502
0489
0483
0468
0448
0431

13CNMR of 9

172724
144,725
142,345
128,355
128,290
128.166
1278917
127.860
127,381
126.681
77.823
7713
77.000
76.680
72,668
72811

—— 56431

sample:hww121228(C)
Sat May 18 01:18:34 2013
SOLVENT: CDCI3,
Esxparimeant = zapg30
Pulsa length = 10.000 usec
Recycle delay = 1.500 sec
NA = 512
PTS1d = 32768
F1 = 100622826 MHz
F2 = 1.000000 MHz
SW1= 29761.90 Hz
AT1= 1.10 sec
Hz per Pt 1stD= 0.91Hz
Swa2= 1.00 Hz
Hz par Pt 2ndD = 1.00 Hz
01 = 10056.4180 Hz
02 = 1600.5200 Hz
LB1= 000 Hz
TP A= 000

B= 0.00

C= 000

47.980
44,609

— 35.697

PPM
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'H NMR of 5

7.360
7.342
7.293
7276
7.260
7.238
T.212
T.192
7.175
7123
T.105
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6,837
5.706
5,691
4.775
4 460
4420
4,153
4,136
4,120
4,104
4,088
3.847
3.835
3823
300
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G814
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3078
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3.054
3.003
2981
___—— 2.582
2,565
2 548
253

sample:hwwi121228-2,

Sat Dec 28 08:19:33 2012
SOLVENT: CDCI3,
Experimant = 230

Pulse length = 15.000 usec
Recycle delay = 1.000 sec
MNA = 16
PTS1d = 65536

F1 = 400132813 MHz

F2 = 1.000000 MHz
SW1 = 10000.00 Hz
AT1= 6.55sec

Hz per Pt 1siD= 0.15Hz
SWz= 1.00 Hz

Hz per P1 2ndD = 1.00 Hz
01 = 27624482 Hz

02 = 2470.9666 Hz
LB1= 000 Hz

TP A= 0.00

0.00

0o

B
C= ol

0.97

w1

1IDD

2514
2,4
2,294
1.687
1872
1,658
1.229
1,212
0.996
0,968
0.949
0929
0642
0622

PP

5.85

T

13CNMR of 5

oo

173.037
143 466
140,884
139,846
139.136
= 50
129.052
129.009
78,797
77.269
57,587

128.923
128711

128.066

-
127.337

— ——132.986

e

samplechwwi21228-2(C),
Mon Jun 03 22:07:31 2013
SOLVENT: Acetone,
Experiment = zgpg30
Pulse length = 10.000 usec
Recycle dalay = 1.500 sac
MA = 512
PTS1d = 32768
F1 = 100.622826 MHz
F2 = 1.000000 MHz
SW1= 29761.90 Hz
AT1= 1.10sec
Hz per Pt 1stD = 091 Hz
SWz= 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
o 10153.4033 Hz
0z 1600.5200 Hz
LB1= 000 Hz
TP A= 0.00

B= 0.00

C= 0.00

TESO O Ph

Oﬁ‘\Me

v N
Me Me g -Niso,Mes

T T
200 100

T
1] PPM
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'H NMR of 11

7476
7.459
7.329
7312
7.204
7.285
7.268
7.248
7.229
7.210
7.167
7147
7.129
6.978
6,907
6,889
5773
5.758
5,481
5,465
5.454
5.438
5327
5.300
5.286
5.269
4,927
4,885
4,550
4,500
4,066
4.050

Sample:hww131011-1,

Fri Oct 11 17:53:03 2013
SOLVENT: Acatone,
Expariment = 2530

Pulse length = 15,000 usec
Recycle delay =  1.000 sec
NA = 32

PTS1d = 65536

F1 = 400.132813 MHz
F2 = 1.000000 MHz
S5W1= 10000.00 Hz
AT1= B.55sec

Hzper Pt 1stD = 015 Hz
SwW2= 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
o1 27425776 Hz

02 = 2470.9666 Hz
LBi= 0.00 Hz

TP A= 0.00

B= 000

G= 000

2)

4.034
3,867
3.658
3.850
3.841
2,710
2,692
2,674
2.656
2,638
2.406
231
2.061
2.056
2.050
2.044
2,039
1.982
1.964
1.946
1.629
1.619
1.611
1.602
1.595
1.544
1.527
1.198
1.181
1.014
0.998
0,892
0.a72

e

[
2.88

i

i

13CNMR of 11

28640
205951
173505
143519
140,906
139932
139.303
134187
133.022
129.879
129.079
120022
128992
128.696
128112
127.309
125421

206,338

W

=

Sample:hww131011=1(C),
Fri Oct 11 19:02:44 2013
SOLVENT: Acetone,
Experiment = zgpg30
Pulse length = 10.000 usec
Recycle delay = 1.500 sec
NA = 1024

PTS1d = 32768

F1 = 100.622826 MHz
F2 = 1.000000 MHz

SW1 = 29761.90 Hz
AT1= 1.10sec

Hz per Pt 1stD = 0.91 Hz
sSwz = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 101475732 Hz

02 1600.5200 Hz

LB1= 000 Hz

TP A= 0.00

00

oo

om

0.
0

224
077
830
412
891
719

p

78.606
77.988
57.640
48.862
45,781
32192
20605
29412

7439

6.005

29
23,
20,

13.133

t

15,
13,
13,

T T
0 PPM
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'H NMR of 13

sample:hww131019,

Sat Oct 18 23:50:05 2013
SOLVENT: Acatone,
Experiment = zg30

Pulse length = 15000 usec
Recycle delay =  1.000 sec
MA = 64

PTS1d = 65536

F1 = 400.132813 MHz

F2 = 1.000000 MHz
SW1= 10000.00 Hz
AT1= 6.55sec
HzperPt1siD= 0.15Hz
SW2= 100Hz
HzperPt2ndD = 1.00 Hz
o1 27421099 Hz

oz 2470.9666 Hz
LB1= 0.00 Hz

TP A= 000

0.97

1.08

2,083
2,072
2,061
2,055
050
2,044
2,039
1.791
1.769
1.758
1.717
1.693
1.611
1.586
1.015

SN

19.44
6.27
.22
29
Me Me
10 08 0.6PPM
Q44

3.5 I
Ab__
T T T T T T T T T T T T T T T T T T T T T
8 6 4 2 1} PPM
13CNMR of 13
$ 3 8 x 3 339333§3?3§355~
% 8 & g 3 gEYSRT4IER T0223
[ | . R B
Parameter Value
1 Title hww 131019
2 Temperature 250
3 Number of Scans 5000
4 Receiver Gain 60
5 Relaxation Delay L. 0000
6 Pulse Width 0. 0000
7 Acguisition Time 0. 8651
B Acguisition Date 2013-10-21T12:54:29
9 Spectrometer Frequency 130. 83
10 Spectral Width 3TETE. 8§
11 Lowest Frequency —2636. 6 !
12 Kucleus 13C
13 Acquired Size 32768
14 Spectral Size 65536
|
| I
| |
|
e
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 0 B0 70 60 50 40 30 20 10 0



'H NMR of 14

sample: hww130426

Fri Oct 25 06:25:28 2013
SOLVENT: Acelone,
Experiment = zg30

Pulse length = 15.000 usec
Recycle delay =  1.000 sec
NA = 32

PTS1d = 65536

F1 = 400.132813 MHz

F2 = 1.000000 MHz

SW1 = 10000.00 Hz
AT1= E55sec

Hz per Pt 1siD= 0.15Hz
Swz= 1.00 Hz

Hz par PL2ndD = 1.00 Hz
ol 2742 6182 Hz

02 24709666 Hz

LB1= 000 Hz

TP A= 000

0.00
0.00

W

om

o7

3
i

13

1.08 d7s

1fo0

13C NMR of 14

206,340
206,136

205947
204.617

Sample: w1 30426(C)
Fri Oct 25 07:57:47 2013
SOLVENT: Acetone,
Experiment = zgpg30
Pulse length = 10.000 usec
Recycle dalay =  1.500 sec
NA = 2048
PTS1d = 32768
Fi = 100.622826 MHz
F2 = 1.000000 MHz
SW1= Z29761.90Hz
AT1= 1.10 sec
Hz per Pt 1stD = 0.91 Hz
SW2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 10149.0547 Hz
02 = 1600.5200 Hz
LB1= 000 Hz
TP A= 0.00

B= 0.00

C= 000

(=24
.
ra—

120,829
125,599

78.642

—— 50910

31.484

3B.606

30.379

¥

800
616
427

29,
29,
29,

W

14,282
13,136
12.001
7.251
5,900

20,232

PPM
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'H NMR of 15

7.089
7.048
7.030
7.008
5.885
5.848
5.846
5.514
5,470
5.467

33

5 384
5,364
5.357
3.678
3.650
3.640

1 EEIR2RESE 8385883

N N
sample: hww130429 %\% %\%ﬂw
Wed Oct 30 07:19:53 2013

SOLVENT: Acelone,
Experiment = zg30

Pulse length = 15.000 usec
Recycle delay =  1.000 sec
NA = 64 39
PTS1d = 65536

F1 = 400.132813 MHz
F2 = 1.000000 MHz
SW1 = 10000.00 Hz

5.888
5.497
5.487
5.474
3.626
2. 52]"
2. U]"Z
2, 061
2,055
2.050
2,044
2.039
2017

AT1= 655sec 3
Hz per Pt 1slD = 0.15Hz
SW2=  100Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 2784.0554 Hz
02 = 24709666 Hz
LB1= 000 Hz
TP A= 000
B= 0.00 ™
C= 0.00 i w
e e " —
6/39 1.0 PPM
_UM UL O N N
" T ) ) T ks 2fas
1.
o0 o3 {g 7
| |
T T T T T T T T T T T T T T T T T T T T T T T
10 ] ] 4 2 0 PPM
13C NMR of 15
o — & © W T =
23;%3%5:&%%:3@
[ -] SOOI~ M~ O
Mommm NN~

206.317
206128
2059189
167168
153.179
130,078
125375
121,354
———— 80.523
51.418
41 477

4

sample:hww130429(C)
Wed Oct 30 08:52:00 2013
SOLVENT: Acetone,
Experiment = zgpg30
Pulse length =  10.000 usec
Recyels delay = 1.500 sec
NA = 2048
PTS‘Id 32768
F1 = 100.622826 MHz
F2 = 1.000000 MHz
SW1= 26761.90 Hz Y
AT1= 1.10sec Y
Hz perPristD = 081 Hz Me Me
Sw2= 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 1014B.9355 Hz
02 = 1600.5200 Hz
LB1= 000 Hz
TP A= 0.00

B= 0.00

C= 0.00

200 150 100 50 " bepM
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'H NMR of 4

sample: hiww130509

Sat Nov 30 02:04:25 2013
USER: nmrsu

SOLVENT: Acetone,
Experimant = zg30

Pulse length = 15.000 usac

Recycle delay = 1.000 sec
NA = 16
PTS1d = 65536
= 400.132813 MHz
F2 = 1.000000 MHz
SW1= 10000.00 Hz
AT1= B.55sec
Hz per Pt 1siD = 0.15Hz
SW2= 100Hz
Hz per Pt2ndD = 1.00 Hz
01 = 27942134 Hz
02 = 24709666 Hz
LB1= 000 Hz
TP A= 000

7.068

T.046
Tl]]?

=
88 EZESHESSITARA
-

A s

13CNMR of 4

sample:hww130509(C)
Thu May 09 14:38:09 24
SOLVENT: Acatone
Experiment = zgpg30
Pulse length = 10.000
Recycle delay = 1.500
NA = 512
PTS1d = 32768
F1 = 100.622826 MHz
F2 = 1.000000 MHz
SW1 = 28761.90 Hz
AT1= 1.10sec
Hz par Pt 1stD = 0.91 K
Sw2= 1.00 Hz
Hz per Pt 2ndD = 1.00
01 = 10132.4082 Hz
02 = 1600.5200 Hz
LB1= 000 Hz
TP A= 0.00

B= 0.00

C= 0.00

13

ISac
1

1]

T
0OPPM

167.263
153.028
80.371
41,322
38.296
31.743
30,220
30.025
29.827
29.449
20,248
29,064
17.650
14.106
12,978
7.201
5.909

~
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125.195
121.7112
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