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Experimental Data :

General Remarks:

'H (400 MHz), "*C (100 MHz) NMR spectra were recorded on a Bruker 400FTNMR in CDCl; unless otherwise
stated, and chemical shift () are given in ppm relative to residual CHCl;. Multiplicity is indicated as follows: s
(singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublet), dt (doublet of triplet).
Coupling constants are reported in Hertz (Hz). IR spectra were recorded on Perkin-Elmer FT-IR Spectrometer.
Evolution of reaction was followed by TLC and GC-MS (EI mode) on an HP6890. Optical rotations were
recorded on a Perkin-Elmer 241 polarimeter at 20°C in a 10 cm cell in the stated solvent; [o]p values are given
in 10" deg.cm® g (concentration ¢ given as g/100 mL). Enantiomeric excesses were determined by chiral GC
measurement either on a HP6890 (H, as vector gas) or HP6850 (H, or He as vector gas) with the stated column.
Temperature programs are described as follows: initial temperature (°C) - initial time (min) - temperature
gradient (°C/min) - final temperature (°C); retention times (Ry) are given in min. In some cases, enantiomeric
excess were determined by chiral SFC measurement on a Berger SFC with the stated column. Gradient
programs are described as follows: initial methanol concentration (%) - initial time (min) — percent gradient of
methanol (%/min) — final methanol concentration (%). Flash chromatography was performed using silicagel 32-
63 um, 60 A. THF, diethylether and dichloromethane were dried by filtration over alumina (activated at 350 °C
under nitrogen atmosphere for 12 h). Copper (I) thiophenecarboxylate (CuTC) was purchased from Frontier
Scientific. Trans-1,4-dichloro-2-butene and trans-1,4-dibromo-2-butene were purchased from Fluka, and cis-
1,4-dichloro-2-butene was purchased from Aldrich.

Typical procedure for the enantioselective copper catalyzed allylic substitution with Grignard reagents:
CuTC (1 mol%) and chiral ligand (1.1 mol%) are charged in a dried Schlenk tube, under inert gas, and
suspended in dichloromethane (2 mL). The mixture is stirred at room temperature for 30 min, followed by the
addition of the allylic halide (1 mmol) at room temperature before cooling the mixture to —78°C in an ethanol-
dry ice cold bath. The Grignard (3 M in diethyl ether, 1.2 eq) diluted in CH,Cl, (0.6 mL) is added over 60 min
via a syringe pump. Upon completion of the addition, the reaction mixture is left a further 4h at -78°C. The
reaction is quenched by addition of aqueous HCI (IN, 2 mL) and then Et,O (10 mL). Aqueous phase is
separated and further extracted with Et,O (3 x 3mL). The combined organic fractions are washed with brine (5
mL), dried over anhydrous magnesium sulfate, filtered and concentrated in vacuo. The oily residue is purified
by flash column chromatography. Gas Chromatography on a chiral stationary phase shows the enantiomeric
excess of the Sy2” product.

(=)-(S)-(1-Chlorobut-3-en-2-yl)cyclohexane 6a

Si0,, pentane, Ry = 0.80. "H NMR (400 MHz, CDCl;) : 5.71-5.63 (m, 1H), 5.15-5.04 (m, 2H), 3.62-3.52 (m,
2H), 2.19-2.13 (m, 1H), 1.75-1.63 (m, 6H), 1.32-0.87 (m, 5H). °C NMR (100 MHz, CDCl;) : 137.9, 117.6,
51.9, 47.1, 38.8, 31.0, 29.5, 26.6, 26.5, 26.5. MS (EI mode) m/z (%) : 172(1), 136(1), 123(1), 116(2), 109(2),

96(3), 91(3), 83(67), 67(19), 54(100). [a] %,2 =-34.9 (c 1.1, CHCI,) for 75% ee. Ee was measured by chiral GC
with a Chirasil-Dex CB column, Helium flow (program: 85-0-1-170) Rr: 27.65 (+), 28.53 (-).
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(=)-(R)-(3-(Chloromethyl)pent-4-enyl)benzene Ta

Si0,, pentane, Ry = 0.38. '"H NMR (400 MHz, CDCL;) : 7.29 (m, 5H), 5.71 (ddd, J=8.3 Hz, J= 10.3 Hz, J=
17.2 Hz, 1H), 5.21 (d, /= 10.3 Hz, 1H), 5.16 (d, J= 17.2 Hz, 1H), 3.52 (d, J= 5.8 Hz, 2H), 2-73-2.53 (m, 2H),
2.45-2.37 (m, 1H), 1.73-1.63 (m, 2H). *C NMR (100 MHz, CDCl;) : 142.0, 138.9, 128.5, 126.1, 117.6, 48.8,
45.4,33.7, 33.1. MS (EI mode) m/z (%) : 194(2), 179(2), 158(11), 143(11), 129(20), 117(7), 104(83), 91(100),

77(11), 65(14), 51(7). [al] Z = - 6.13 (¢ 0.62, CHCls) for 73% ee.

Ee was measured by chiral GC with a Hydrodex-B-3P column, Hydrogen flow (program: 90-0-1-170) Ry: 35.50
(+), 35.94 (-).

(=)-(R)-3-(Chloromethyl)hept-1-ene 9a

'H NMR (500 MHz, CDCLy) : 5.64 (ddd, J,= 8.5 Hz, J,= 10.4 Hz, J;= 17.0 Hz, 1H), 5.13-5.08 (m, 2H), 3.49
(dd, J;= 1.6 Hz, J,= 6.0 Hz, 2H), 2.38-2.31 (m, 1H), 1-60-1.53 (m, 1H), 1.37-1.21 (m, 5H), 0.90 (t, J= 7.0 Hz,
3H). *C NMR (125 MHz, CDCls) : 139.4, 116.8, 48.9, 46.0, 31.7, 29.1, 22.8, 14.1. MS (EI mode) m/z (%) :
197(13), 95(47), 69(10), 59(30), 57(100), 55(22), 43(11), 41(22), 32(13), 31(18), 29(15). [a] 22 = - 10.2 (c 1.33,

CHCI,) for 85% ee. Ee was measured by chiral GC with a Chirasil Dex-CB column, Helium flow (program: 60-
0-1-170) Ry: 19.51 (+), 20.14 (-).

(=)-(R)-3-(Chloromethyl)-7-methylocta-1,6-diene 10a

Si0,, pentane, Rp = 0.79. IR (neat): 3073(w), 2967(m), 2918(s), 2856(m), 2722(w), 1641(w), 1441(br),
1377(m), 1105(br), 992(s), 919(s), 831(br), 742(s) cm™. 'H NMR (500 MHz, CDCl;) : 5.65 (ddd, J,= 8.6 Hz,
J=10.4 Hz, J;= 17.4 Hz, 1H), 5.15-5.07 (m, 3H), 3.50 (dd, J,= 2.2 Hz, J>= 6.0 Hz, 2H), 2.41-2.34 (m, 1H),
2.06-1.91 (m, 2H), 1.69 (s, 3H), 1.59 (s, 3H), 1.43-1.39 (m, 2H). *C NMR (125 MHz, CDCL) : 139.2, 132.2,
124.0, 117.0, 48.8, 45.5, 32.1, 25.9, 25.4, 17.9. MS (EI mode) m/z (%) : 174(3), 172(M", 9), 159(2), 157(7),
129(19), 123(22), 121(8), 107(5), 102(7), 95(13), 93(44), 91(13), 83(19), 82(69), 81(40), 80(12), 79(29),
77(14), 70(11), 69(100), 68(20), 67(81), 65(12), 56(16), 55(95), 54(18), 53(44), 51(13). [a] % = - 2.75 (c 0.76,

CHCI;) for 85% ee. Ee was measured by chiral GC with a Hydrodex-B-3P column, Hydrogen flow (program:
50-10-1-170) Ry: 49.58 (+), 50.63 (-).

(=)-(R)-7-tert-Butoxy-3-(chloromethyl) hept-1-ene 11a

Si0,, pentane/ Et,0 97.5:2.5, Rr = 0.40. '"H NMR (400 MHz, CDCl;) : 5.68-5.59 (m, 1H), 5.13-5.08 (m, 2H),
3.48 (d, J=6.3Hz, 2H), 3.32 (t, J= 6.6Hz, 2H), 2.40-2.32 (m, 1H), 1.63-1.46 (m, 3H), 1.43-1.25 (m, 3H), 1.18 (s,
9H). *C NMR (100 MHz, CDCl;) : 139.2, 116.9, 72.6, 61.4, 48.8, 46.0, 31.8, 30.7, 27.7(3), 23.6. MS (EI

mode) m/z (%) : 205(15), 203(45), 109(52), 67(23), 59(79), 57(100), 56(12), 55(22). [a] 2= - 5.34 (c 1.22,

CHCIs) for 79% ee. Ee was measured by chiral GC with a Hydrodex-B-3P column, Hydrogen flow (program:
80-0-1-170) Rr: 40.61 (+), 50.08 (-).

(-)-(S)-(1-Bromobut-3-en-2-yl)cyclohexane 6b

Si0,, pentane, Rg = 0.79. IR (neat): 3077(w), 2923(s), 2852(m), 1640(w), 1449(m), 1435(m), 1279(m),
1236(w), 994(m), 916(s), 705(m), 655(m) cm™ . "H NMR (400 MHz, CDCl;) : 5.69-5.60 (m, 1H), 5.15-5.03 (m,
2H), 3.50-3.40 (m, 2H), 2.20-2.13 (m, 1H), 1.75-1.63 (m, 5H), 1.54-1.45 (m, 1H), 1.31-0.86 (m, 5H). *C NMR
(100 MHz, CDCl;) : 138.3, 117.5, 51.5, 39.7, 36.9, 30.9, 29.4, 26.5, 26.5, 26.4. MS (EI mode) m/z (%) : 137(4),
83(68), 82(24), 81(18), 67(21), 55(94), 54(100), 53(15). HR-MS : calc. mass= 137.1331, mass found=

137.1330. [a] %,2 =+2.27 (c 1.24, CHCI;) for 52% ee on ent-6b. Ee was measured by chiral GC with a Chirasil-
Dex CB, Helium flow (program: 100-0-1-170) Ry: 35.53 (+), 36.20 (-).

(=)-(R)-(3-(Bromomethyl)pent-4-enyl)benzene Tb

Si0,, pentane, Rp = 0.47. IR (neat): 3063(w), 3026(w), 2926(br), 2857(w), 1641(w), 1603(m), 1496(m),
1454(m), 1258(br), 1222(br), 1030(m), 992(m), 919(s), 745(s), 697(s) cm™. "H NMR (400 MHz, CDCls) : 7.30-
7.26 (m, 2H), 7.21-7.17 (m, 3H), 5.68 (ddd, J,= 8.3 Hz, J,= 10.4 Hz, J;= 17.2 Hz, 1H), 5.20 (dd, J;= 10.4 Hz,
J>=1.5Hz, 1H), 5.15 (ddd, J;= 17.2 Hz, J>= 1.5 Hz, 1H), 3.40 (d, J= 5.8 Hz, 2H), 2.71-2.53 (m, 2H), 2.45-2.36
(m, 1H), 1.97-1.88 (m, 1H), 1.73-1.64 (m, 1H). >C NMR (100 MHz, CDCl;) : 141.9, 139.3, 128.7, 128.5,
128.3, 126.0, 125.8, 117.5,45.0, 38.2, 34.7, 33.2.

MS (EI mode) m/z (%) : 159(7), 158(17), 143(7), 129(15), 117(10), 105(30), 104(60), 92(18), 91(100), 77(10),
65(13). HR-MS : (-HBr, -81) calc. mass= 158.1096, mass found= 158.1095. [a] %,2 =+6.91 (c 0.91, CHCl;) for

76% ee on ent-7Tb. Ee was measured by chiral GC with a Hydrodex-B-3P column, Hydrogen flow (program:
110-65-1-170) Ry: 75.74 (+), 76.74 (-).
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(-)-(R)-3-(Bromomethyl)hept-1-ene 9b

'"H NMR (400 MHz, CDCL3) : 5.68-5.56 (m, 1H), 5.14-5.06 (m, 2H), 3.38 (d, J= 8.3Hz, 2H), 2.36-2.30 (m, 1H),
1.36-1.25 (m, 6H), 0.90 (t, J= 8.4Hz, 3H). *C NMR (100 MHz, CDCL;) : 139.9, 116.7, 45.7, 38.5, 32.8, 29.2,
22.7,14.1. MS (EI mode) m/z (%) : 150(4), 148(4), 136(9), 134(9), 111(5), 95(5), 83(8), 81(8), 69(76), 67(18),
57(13), 56(12), 55(100), 54(39), 53(34), 51(8). [a] % = + 25.81 (c 1.36, CHCl;) for 82% ce on ent-9b. Ee was

measured by chiral GC with a Hydrodex-B-3P column, Hydrogen flow (program: 60-0-1-170) Rt: 26.5 (+),
27.4 (-).

(=)-(R)-3-(Bromomethyl)-7-methylocta-1,6-diene 10b

Si0,, pentane, R = 0.67. IR (neat): 3076(w), 2967(m), 2916(s), 2855(m), 1642(w), 1437(br), 1377(m),
1280(w), 1221(w), 1106(br), 992(s), 919(s), 844(br), 740(w), 695(m), 655(w) cm™'. '"H NMR (500 MHz,
CDCl) : 5.63 (ddd, J,= 8.5 Hz, J,= 10.4 Hz, J;= 17.4 Hz, 1H), 5.15-5.07 (m, 3H), 3.38 (dd, J;= 4.1 Hz, J,=
5.7 Hz, 2H), 2.41-2.34 (m, 1H), 2.05-1.92 (m, 2H), 1.69 (s, 3H), 1.59 (s, 3H), 1.43-1.35 (m, 2H). *C NMR (125
MHz, CDCl;) : 139.6, 132.2, 123.9, 117.0, 45.1, 38.4, 33.2, 25.9, 25.4, 17.9. MS (EI mode) m/z (%) : 218(6),
216(6), 203(3), 201(3), 175(8), 173(7), 137(19), 123(11), 95(31), 93(25), 83(22), 82(53), 81(49), 79(8),
69(100), 68(10), 67(42), 56(11), 55(69), 53(21), 43(14), 41(89), 39(20), 32(40), 31(53), 29(10), 29(19), 28(20),
27(17). HR-MS (EI mode): calc. mass= 216.0514, mass found= 216.0513. [a] %2: - 1.83 (¢ 0.77, CHCI;) for

94% ee. Ee was measured by chiral GC with a Chirasil Dex CB column, Helium flow (program: 70-30-1-170)
Rr: 64.18 (+), 64.39 (-).

(=)-(R)-7-tert-Butoxy-3-(bromomethyl) hept-1-ene 11b

Si0,, pentane/Et,0 97.5:2.5, Rg = 0.31. IR (neat): 3071(w), 2973(m), 2935(m), 2864(m), 1642(w), 1459(br),
1390(w), 1362(m), 1197(s), 1082(s), 992(m), 917(s), 877(br), 751(w), 695(m), 653(m) cm"".

'H NMR (400 MHz, CDCls) : 5.66-5.57 (m, 1H), 5.13-5.07 (m, 2H), 3.37 (dd, J,= 1.8Hz, J,= 6.0Hz 2H), 3.32
(t, J= 6.8Hz, 2H), 2.39-2.34 (m, 1H), 1.60-1.21 (m, 6H), 1.17 (s, 9H). >C NMR (100 MHz, CDCl;) : 139.7,
116.8, 72.6, 61.5, 45.7, 38.4, 32.9, 30.6, 27.7(3), 23.7. MS (EI mode) m/z (%) : 250(2), 249(15), 247(15),
135(6), 133(6), 110(5), 109(57), 108(5), 81(6), 69(7), 67(30), 59(70), 58(7), 57(100), 56(15), 55(28), 54(6),
53(12). HR-MS : (-0, -16) calc. mass= 247.0698, mass found= 247.0698. [a] %2: - 5.50 (¢ 1.07, CHCI;) for

92% ee. Ee was measured by chiral GC with a Hydrodex-B-3P column, Hydrogen flow (program: 110-33-0.5-
115-10-20-170) Ry: 47.70 (+), 48.52 (-).

(R)-3-(bromomethyl)-5-methylhex-1-ene 12b

Si0,, pentane, R = 0.78. IR (neat): 3080(w), 2956(s), 2925(m), 2870(w), 1840(br), 1642(w), 1467(m),
1434(w), 1418(w), 1385(w), 1367(m), 1268(w), 1221(m), 1170(br), 993(s), 917(s), 861(br), 797(br), 697(s),
649(m), 611(m) cm™. 'H NMR (400 MHz, CDCl;) : 5.59 (ddd, J;= 8.6 Hz, J,= 10.6 Hz, J;= 16.9 Hz, 1H), 5.13-
5.08 (m, 2H), 3.39-3.31 (m, 2H), 2.49-2.41 (m, 1H), 1.66-1.57 (m, 1H), 1.38-1.24 (m, 2H), 0.91-0.86 (m, 6H).
*C NMR (100 MHz, CDCls) : 139.9, 116.8, 43.7, 42.4, 38.9, 25.4, 23.5, 21.9. MS (EI mode) m/z (%) : 177(1),
163(1), 161(1), 150(2), 148(3), 135(6), 111(26), 97(13), 95(6), 69(47), 67(10), 57(46), 56(59), 55(67), 54(24),
53(13), 43(33), 41(45), 39(16), 32(76), 31(100), 29(21), 29(38), 28(16), 27(16). [a]p>*= - 24.30 (c 0.88, CHCL)
for 84% ee. Ee was measured by chiral GC with a Chirasil Dex CB column, Helium flow (program: 60-15-1-
170) Ry: 33.20 (+), 33.78 (-).

(S)-(1-chlorobut-3-en-2-yl)benzene 13

Si0,, pentane, Ry = 0.88. '"H NMR (400 MHz, CDCLy) : 7.37-7.32 (m, 2H), 7.29-7.23 (m, 3H), 6.02 (ddd, J=
7.3 Hz, J= 10.4 Hz, J= 17.4 Hz, 1H), 5.23 (d, J= 10.3 Hz, 1H), 5.17 (d, J= 17.2 Hz, 1H), 3.79 (d, J=2.0 Hz,
1H), 3.77 (s, 1H), 3.70-3.65 (m, 1H). *C NMR (100 MHz, CDCl;) : 140.8, 138.1, 128.8, 128.8, 127.9, 127.9,
127.3,117.2, 52.0, 47.9. Ee was measured by chiral GC with a Hydrodex B6-TBDM, Hydrogen flow (program:
70-0-1-170) Ry: 38.30 (=), 40.98 (+).

(-)-(S)-2-methyl-4-phenylbutan-1-ol 18

A solution of olefin (+)-13 (0.86 mmol) in dry CH,Cl, (30 mL) was cooled to —78°C, and ozone was passed
through until a blue persisting color appeared (~10 min). After completion of the reaction, the excess ozone was
removed by purging with O, and N,. Cooling the system with an ice-bath, sodium borohydride (1.72 mmol) and
methanol (5 mL) were added to the reaction. The resulting mixture was permitted to warm to RT and stirred
overnight. More NaBH, (1.72 mmol) was added at 0°C (and more). After 7 days, reaction was hydrolyzed with
H,0 (15 mL) and extracted with Et,O, dried over Na,SO,4. Crude product was then chromatographied on Silica
gel (eluent pentane/Et,O 75:25). One obtains the alcohol as slightly yellow oil (0.33 mmol) with 38% yield. 'H
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NMR (400 MHz, CDCLy) : : 7.29-7.26 (m, 2H), 7.20-7.16 (m, 3H), 3.51 (dd, J= 38.1 Hz, J= 5.8 Hz, 1H), 3.51
(dd, J= 17.2 Hz, J= 5.8 Hz, 1H), 2.75-2.56 (m, 2H), 1.81-1.63 (m, 2H), 1.49-1.38 (m, 2H), 0.99 (d, J= 6.8 Hz,
3H). *C NMR (100 MHz, CDCly) : 128.5, 125.9, 68.3, 35.5, 35.1, 33.4, 16.6. [a]p>= -10.21 (¢ 0.89, CHCl;)
for 63% ee. (Litt [a]p™>=+20.0 (¢ 1.5, CHCL;) for 99% ee (R))"

(+)-(S)-Hepta-1,6-dien-3-ylcyclohexane 19

Si0,, pentane, Ry = 0.97. '"H-NMR (CDCls, 400 MHz) : 5.80 (m, 1H), 5.54 (m, 1H), 4.95 (m, 4H), 2.05-0.89 (m,
18H). >C-NMR (CDCl;, 100 MHz) : 141.6, 139.2, 114.9, 50.1, 41.8, 33.9, 31.2,29.7, 26.9, 26.8, 26.7, 26.7.
MS (EI mode) m/z (%) : 192(1), 164(14), 109(20), 95(17), 83(66), 67(63), 55(100). [a]p>*= +6.81 (¢ 1.35,
CHCI,) for 78% ee. Ee was measured by chiral GC with a Hydrodex-B-3P column, Hydrogen flow (program:
60-80-0.5-85-15-20-170), Ry: 137.22(major), 138.53(minor).

(S)-but-3-en-2-ylcyclohexane 20*

Si0,, pentane, Ry = 0.97. '"H-NMR (CDCls, 400 MHz) : 5.52 (ddd, 1H, J7 = 17.60, J2 = 9.6, J3 = 8.0 Hz), 4.92
(m, 2H), 1.95 (m, 1H), 1.74-1-60 (m, 5H), 1.26-1.01 (m, 4H), 0.96 (d, 3H, ] = 6.80 Hz), 0.99-0.87 (m, 2H). "*C-
NMR (CDCl;, 100 MHz) : 141143.8, 113.1,43.7,43.0, 30.5, 30.4, 26.8, 26.8, 17.2.

MS (EI mode) m/z (%) : 138 (2), 96 (9), 83 (55), 67 (39), 55 (100). [a]DZZ: -8.3 (¢=1.13, CHCI3) for 72% ee ;
Lit. [a]D22: +13.6 (¢ 0.50, CHCI3) for 87% ee (R) enantiomer. Ee was measured by chiral GC with a Chirasil-
Dex CB column, Helium flow (program: 70-0-1-170), Rt: 15.54 (R), 15.84 (S).

(R)-7-tert-butoxy-3-(iodomethyl)hept-1-ene 21°

A saturated solution of sodium iodide in acetone was added to a solution of the homoallylic bromide (44) or
chloride (36) and left stirring overnight at room temperature or reflux until complete conversion. After
precipitation of the salts, the solution is filtered and evaporated in vacuo. The crude is used without further
purification (>98% yield). '"H NMR (400 MHz, CDCl3) : 5.60-5.51 (m, 1H), 5.13-5.04 (m, 2H), 3.32 (t, J=
6.8Hz, 2H), 3.20-3.16 (m, 2H), 2.15-2.10 (m, 1H), 1.57-1.28 (m, 6H), 1.17 (s, 9H). *C NMR (100 MHz,
CDCl) : 140.7, 116.5, 72.6, 61.4, 45.4, 34.6, 30.6, 27.7(3), 23.8, 13.8. MS (EI mode) m/z (%) : 295 (4), 181 (6),
109 (51), 67 (30), 59 (28), 57 (100), 55 (22). Ee was measured by chiral GC with a Hydrodex-B-3P column,
Hydrogen flow (program: 110-33-0.5-115-25-20-170) R: 70.25 (major), 70.43 (minor).

(S)-(6-tert-Butoxy-2-vinylhexyl) (phenyl)sulfane 22

Si0,, pentane/diethyl ether 97.5:2.5, Rr = 0.35. '"H-NMR (CDCls, 400 MHz) : 7.34-7.26 (m, 4H), 7.17 (tt, J,=
1.2 Hz, J,= 7.3 Hz, 1H), 5.65 (ddd, J;= 8.8 Hz, J,= 10.3 Hz, J;= 17.2 Hz, 1H), 5.10-5.04 (m, 2H), 3.32 (¢, J=
6.8 Hz, 2H), 2.99-2.90 (m, 2H), 2.35-2.26 (m, 1H), 1.67-1.59 (m, 1H), 1.56-1.23 (m, 5H), 1.19 (s, 9H). "C-
NMR (CDCl;, 100 MHz) : 141.1, 137.3, 129.0(2), 129.0(2), 125.8, 116.0, 72.6, 61.5, 43.6, 39.1, 34.0, 30.7,
27.7(3), 23.8. MS (EI mode) m/z (%) : 292(M", 25), 236(15), 235(71), 219(32), 127(23), 125(19), 124(25),
123(100), 110(71), 109(38), 109(20), 108(14), 107(17), 81(13), 79(15), 77(11), 71(10), 67(31), 65(10), 59(10),
57(88), 55(27), 54(10), 45(34). Ee could not be determined by SFC or chiral GC.

(+)-(S)-(6-tert-butoxy-2-vinylhexylsulfonyl)benzene 23

Si0,, pentane/diethyl ether 7:3, Rg = 0.26. IR (neat): 2973(m), 2933(m), 2865(m), 1641(w), 1586(w), 1480(w),
1447(m), 1392(br), 1362(m), 1306(br), 1197(s), 1146(s), 1085(s), 1022(w), 998(w), 916(m), 747(s), 689(s) cm’
' '"H-NMR (CDCl;, 500 MHz) : 7.90-7.88 (m, 2H), 7.66-7.62 (m, 1H), 7.57-7.53 (m, 2H), 5.52 (ddd, J,=
8.6 Hz, J,= 10.6 Hz, J;= 16.9 Hz, 1H), 5.00-4.96 (m, 2H), 3.28 (¢, J= 6.6 Hz, 2H), 3.13 (d, J= 6.3 Hz, 2H), 2.66-
2.57 (m, 1H), 1.60-1.52 (m, 1H), 1.50-1.20 (m, 5H), 1.16 (s, 9H). *C-NMR (CDCls, 125 MHz) : 140.2, 139.2,
133.7, 129.3(2), 128.2(2), 116.5, 72.6, 61.4, 61.0, 38.8, 34.5, 30.5, 27.7(3), 23.4. MS (EI mode) m/z (%) : 250
(M, 16), 95 (83), 93 (10), 82 (41), 81 (100), 79 (18), 67 (56), 55 (16), 53 (11). HR-MS (EI mode): calc. mass=
250.1181, mass found= 250.1183. [a]p>*= +7.54 (¢ 0.87, CHCl;) for 82% ee. Ee was measured by chiral SFC
with OD-H column (program: 2%-2-1-15%, 200 bars, 2mL/min, 30°C) Rt: 6.90(-), 7.16(+).

(+)-(R)-7-tert-butoxy-3-vinylheptanal 24

Si0,, pentane/diethyl ether 97.5:2.5, Rg = 0.23. IR (neat): 3071(w), 2974(m), 2935(m), 2865(m), 2718(w),
1725(s), 1641(w), 1477(w), 1461(w), 1391(m), 1362(s), 1253(w), 1198(s), 1081(s), 995(m), 915(m), 878(m),
751(br), 676(br) cm™. "H-NMR (CDCl;, 500 MHz) : 9.71 (1, J= 2.2Hz, 1H), 5.65 (ddd, J;= 8.2 Hz, J,= 9.8 Hz,

'z. Huang, Z. Tan, T. Novak, G. Zhu,E. Negishi, Adv. Synth. Catal. 2007, 349, 539 — 545

2 a) S. E. Denmark, L. K. Marble, J. Org. Chem. 1990, 55, 1984; b) K. Tissot-Croset, A. Alexakis, Tetrahedron
Letters 2004, 45, 7375; ¢c) M. A. Kacprzynski, A. H. Hoveyda, J. Am. Chem. Soc. 2004, 126, 10676.

ST.W. Baughman, J. C. Sworen, K. B. Wagener, Tetrahedron 2004, 60, 10943.
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J;=17.7 Hz, 1H), 5.06-5.02 (m, 2H), 3.31 (¢, J= 6.7Hz, 2H), 2.64-2.58 (m, 1H), 2.42 (ddd, , J;= 2.2 Hz, J,= J;=
5.7 Hz, 2H), 1.55-1.47 (m, 2H), 1.44-1.29 (m, 4H), 1.17 (s, 9H). *C-NMR (CDCl;, 125 MHz) : 202.6, 141.0,
115.5,72.6, 61.5, 48.6, 38.5, 34.7, 30.7, 27.7(3), 23.8. MS (EI mode) m/z (%) : 105(10), 97(29), 90(17), 70(16),
69(18), 68(11), 67(10), 57(17), 56(24), 55(100), 54(28), 53(12), 43(13), 41(40), 39(13), 32(15), 31(20), 29(25),
27(17). [ap™= +1.39 (¢ 0.71, CHCL) for 81% ee. Ee was measured by chiral GC with a Hydrodex B-3P
column, Hydrogen flow (program: 90-40-1-170), Rr: 73.34(+), 73.76(-).

(-)-(R)-cyclopent-2-enylcyclohexane 25

Si0,, pentane, Rr = 0.99. '"H-NMR (CDCl;, 400 MHz) : 5.74 (s, 2H), 2.47-0.92 (7m, 16H). C-NMR (CDCl,,
100 MHz) : 133.5, 130.6, 51.8, 43.0, 32.2, 31.2, 31.1, 27.4, 26.8, 26.6, 26.6. MS (EI mode) m/z (%) : 150 (34),
109 (15), 82 (45), 67 (100), 55 (44). [a]p™>= -88.2 (¢ 1.03, CHCI3) for 73% ee. Ee was measured by chiral GC
with a Hydrodex-B-3P column, Hydrogen flow (program: 60-80-0.5-85-15-20-170), Ry: 137.22(major),
138.53(minor).

(R)-3-(bromomethyl)-2-methylhept-1-ene 27a

Si0,, pentane, R = 0.95. "H NMR (400 MHz, CDCL3) : 4.89 (s, 1H), 4.78 (s, 1H), 3.38 (d, J= 6.6 Hz, 2H), 2.40
(quint, J= 7.1 Hz, 1H), 1.66 (s, 3H), 1.59-1.50 (m, 1H), 1.45-1.19 (m, 5H), 0.89 (t, J= 7.1 Hz, 3H). MS (EI
mode) m/z (%) : 150(7), 148(7), 95(5), 91(5), 83(6), 79(6), 69(100), 68(14), 67(36), 55(29), 53(15). Ee was
measured by chiral GC with a Hydrodex B6-TBDM, Hydrogen flow (program: 70-0-1-170) Ry: 21.41 (minor),
21.93 (major). [for 28a: Ee was measured by chiral GC with a Hydrodex B3P, Hydrogen flow (program: 80-0-
1-170) Ry: 16.38 (major), 16.66 (minor)].
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6a

FID1 A, (CF\EFDEEIEE;T))
. 8 &
T

22 W

2049

184

164

14

124

10

i ; P P 44 mi

Peak RetTime Type Width Area Height Area

# minl il Tba*sl o&l %

—mm |- e B [-===mmm-- [-m==mmmm- [-=-mm- |
1 40.443 MM 0.1544 121.96193 13.16786 49,98559
2 4l.280 MM 0.158d 1Z2.03zZ26 12.836858 50.01441

FIDA A, (CFCFOBTRITD)
% e
&
275
5
225
z0
175 o
& .'»“fét
15 '&95#
1254 f\
0 : 4 5 : " : 3 mi
Peak FetTime Type Width Area Height Area
# minl minl [oa*z1 [oil %

] PR ] R | —mmmmmmmm R |
1 27.093 MM 0.1426 161.32893 15.86064 58.35750
2 27.878 MM 0.1213 21.25764 2.92099 11.64250

6b
T s e, N
pA ~ A
135 1 p‘*ﬁ‘\ﬁ
e 22
124 20
12 1
1254
16 1
124
14
1.5 121
. Al |
114 10
A0 1' In y E : 4'0 mi L3 - y - ;3 ; - y mi
Peak RetTime Type Widrh irea Height irea Feak RetTine Type MWidth Area Helght Area
#  rwinl fwinl  [oA*s] roal 5 P fwiedl o fwinl Tetsl TR
e | ———=|—-————- |- - | ————————- e It e P et R R R
1 34,540 MM 0.131% 19. 46606 2.47056 50.05014 1 55.320 MM 0.1926 153.09515 13.24805 8l.625886
2 35.575 MM 0.1291 19. 42706 Z.50855 49,949585 Z 35.955 M 0.1904 34.45512 3.01651 18.37114
7a
FID1 A, (CF\CFO‘%;;EQLE; UUUUUUUUUUUUU N FID1 A, (CRCFOTOTI1.0)
pA ] pA ‘s?q,
il
19 -
13.44
184
132
17 q
134
16 4
128
154
1264 .
14 ﬁ
124+ e
‘ |
122 . 137
0 : 4 ‘a i o 0 " 5 y i
Peak RetTime Type Width Area Height Area Peak FetTime Type Width Area Height Area
#  [nin] [minl [ph*a] [pi] 5 # [min] [min] [nh*3] [ndl 5
e et l====l==m==-= [==mmmmmmm- e R [ il e [====]====m== [==m=mmmmme [=======mn- [=======- |
1 35.644 MM g.1383  1l.z5832 1.35638 49.77411 1 35.508 MM 0.1405 7.09778 G.42176e-1 11.16776
2 38.073 MM 0.1364 11.36111  1.38864 50.22388 2 35.929 MM 0.1377 56.45822  6.53499 85.83224
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7b

aricy 1

FID1 A, (CF\CFI139N05.D) FIDT A, (CRCF132T01.00)
pé ] pA F @
A
12 an 4
184 54
17
209
16
251
15
20 o
14 g
g
13 15 /\
) ‘ 5 5 : 2 ; T 2 ' A 4 ' o
Peak RetTime Tvoe Width Area Heioht Area Peak RetTime Twne Width Area Height Ares
# Tminl [minl [p&*a] [0&l 5 # [min] [wmin] [pa*s] [p&] 5
] ST R R R O [-——mmmmmem [——mmmmm - [ SN P [ P | oo mmmmomeo [ [ |
1 75.542 MM 0.3536 154.66436  7.20841 49.81106 1 75.745 MM 0.3467  70.8BEE0 3. 40805 &.67627
2 76758 MM 0.3370 136.03322  7.28404 50.18834 2 76.744 MM 0.3913 746.15094  31.77860 91.32373
9a
FID1 A, (CFACF292N01.0) = FID1 A, (CRCF294T01.0) E—
pA & 8 P o
__q,’{"h H q;\,bé@ ] bﬁ:é)
209
wl
254
251
204
201
264
154 204 g?é" &
157 j\
104
0
19 19I b DI I1 1‘ mi 1 ’IE ’II 1' 1'9 :ZI I1 ; ; mi
Peak FetTime Type Width Area Height Area Peak FEetTime Tvne Width Area Heidht Area
§  Twin fminl  rwa*al oal % # [min] [win]  [p47s=] [pa] %
R |====]-=-———- |-==mmmmmem -mmmmmmmee |—=m===- T Tl et el Bl Bttt Bl ettt !
1 19.630 MM 0.1443 213.40454  24.64862 49.97966 1 1s.702 MM 0.0820  37.13144  6.24872 7.58904
2 20.226 MM 0.1522 213.57822  23.38695 50.02034 2 20.063 MM 0.2033 451.30211  36.31111 32.40036
9b
FID1 A, (CRACF147N02.0) s FID A, (CRMCFATTNDT.D)Y =
pA T & £ pA s
S @@w\« & a0l &
26
354
24
204
221
20 264
124
204
16 kg
R
\ X
14
3 y ‘5 ; y IQ mi ‘4 y {x] : ] mi
Peak RetTime Twne Width  Area Height  Area Peak RevTine Type Width — Area Height —  Area
# [win] [nin] [pa*s] [pi] 5 # | fminl | | fminl | [nd*a1 | Todl | % |
Y P — S PR — S [ [JE—— (1 i At St Attt Attt il S
1 26.541 MM 0.2261 217.83688  16.05514 5006310 1 z2e.624 MM 0.1943  27.92003  2.39483 6.62784
Z 27.406 MM 0.2256 217.28743  16.04957 49.93630 & 27,438 MM 0.2160 393.33395  30.35312 33.37216
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bier suunang

FIDA f, (CFACFGNOZ D)

1357

12,54

11.54

an EY a4

ag

FID1 A, (CRWCF201T02.0)

Peak RetTime Type Width irea Height irea 0 2 = - — oL
g fmin minl fwhtal Toil N Peak RetTlme Type '[l]'ll?lt.h Area Height Ar?a
R . [ . [ — [ ——— [ —— | # Tminl fminl [ob*s1 [odl %
1 44.66l1 MF 0.3727 70.35233 3.14569 50.03698 | —-TTITTTToTTl TSI T e e T oo e e T
2 45.701 FH 0.4114  70.24833 2.84608 49.96302 1 44,230 MM 0.3345 4,80108 2,3923% -1 7.14852
Z 45,075 MM 0.3832 6Z.36071 Z.71248 92.85148
10b
FIGT & (EFEF 200 b aLLEL L FIDA A, (CRACFZO0TZ1.0)
pA
154
144
12
124
114
10
a0 ﬁl 5‘4 56 i & é BI4 Blﬁ EI mi
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  Tminl fwinl  [ba*s1 Mol % # unind fwinl — Tod*s] Mokl %
S D |mmmm | m e e [ [ [ I - |- | === | === |-—===—-= |
1 64.254 MF 0.1400 1.55803 1.59094e-1 3.03286
L 63.802 MF  0.l547 d6.40203 498971 £0.26138 z eism M ollsez s0l77208 551494 9808714
11a
FIDA A, (CFWCF23N01.0Y = FID1 A, (CRCF285TO1.0) =
pA 2 & pi
16 5 o
35
1548
154 an
145
144 25
125
201
13
125 J . M 15 4
124 - - - - - T T T T T T
a 40 41 4 43 44 mi = 0 1 % mi
Feak RetTime Type Width Area Height Area Peak RetTime Twoe Width Area Heidht Area
#  Twinl fwinl  loh*s1 ol % # [win] [min]  [ph¥*s] [pd] %
SR B R P [ [ [ —— | ———— e m————— [EEEEI EET T [ECEEEEEL e | mmmmm e | == |
1 40.815 MM 0.1438  33.89933 3.93035 49.53132 1 3l.a7d Ml 0.1302  15.33630 L.96254  7.27685
2 41.035 MM 0.1433 34, 12683 3.96925 50.16865 2 32.21s M 0.1365 195.4:2034 23.56440 92,72315
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11b
TR (CF\EFL%S%:E“ QLTEE 10881N0) FIbT A (CRCFiBaTOZDY
pA Y PA
1554 {\@éy
& 24
154
224
14.5-
144 2049
1257
184
124
167
2.6
124 47
" |
115 12
a P an a8 P 0 : a2 mi 4 4 P g 0 y 4 mi
Peak RetTime Type Width Airea Height irea Peak RetTime Type Width Area Height Area
# Tminl lminl [oh*s] okl % # Tminl Tminl fod*z1 [Bd] %
e e [ === | =mmmmmm e et [ =mmmmmm - |-----——- I |- |-===]===—-—- e [ === | === |
1 46,949 MM 0.3092 76.62444 4,13066 49.88039 1 47.682 MM 0.3066  11.40983 6.20268e-1 4.15676
2 47.825 MM 0.3253  76.93037 3.84415 50.11311 2 48.519 MM 0.3324 263.07904  13.15949 95,84324

FID1 A, (CRCF202T01.0)
12b N P
FiD1 A, (CFWCF303N01.0) 7 4:\
pA
35
35
30 a0
254 261
207
20 8 &ﬁ"
15 4
154
10
1o 0 1 : ; i : i ; it
. : . . . : : Peak RetTime Tvwne Width Area Heioht Area
0 1 4 £ mi : - * -
Feak RetTime Type Uidth hrea Height Ares __f_I_ETff}_I____I_E?f?}_I_E?%_?E___l__EE%E____l____f___I
__f_I_[?}?]_l____l_[T}?}_I_[?%ff]___l__[?%j____l____f___l 1 33.335 MF  0.1210 46.35355  6.38417 7.49862
1 33.204 MF  0.2403 366.14313  25,30237 40,99608 £ 35344 F 0.3169 571.80774 50,0740z 92. 50138
2 33,777 FM 0.2787 366.20056  21.80900 50.00392
FID1 A (CFCF314TOBD)
15 R pA g &
" FID1 A, [CACFZ53VIT0) n *Y@éo
i8 ghet
145"
s Ld 18-
7
* g be ® g &
fac , 2’
5
14
0
12 |
15
1w - 10
0 35 40 45 50 T s iy » a4 2 8 40 &2
Peak BetTime T P
_!_ _ETE:_]_I FPeak RetTime e 1 ight Area
1 48,241 MM 165.09497 ' a— pA ’
48,965 MM 173, 453158 — - .
B.656 MM 13 45.848 88 2.4420¢€
. 19.282 MM 14" 95.47] &3l & 5 ]

S15



27a

Fespegan Sgnat x oH

ansocof

200000f
2107

220000

275000

270000

280000

250000

245000

210000

2102

peak R.T. Start End PK peak peak peak % of
1 min min min TY height area % max. total
1 21.623 21.423 21.791 M 12452 1416622 7.57% 7.036%
2 21.972 21.795 22.593 M 111800 18718244 100.00% 92.964%

28a
TR RS
i
" = W
&
178
X
7
B
1aE - £ =
e :
™ £ £ it
s :
N E
N
H- r‘u_ b
12 " 1h (1) £
Feak H.-\T'--'!'..-.u Iype I Ares Hriyglal
q (min] [pRre] [pA]
_———I—-— - - -
.! _-'-. F =1 b L | 1.I05506G 15,1245
2 lE.flZ 1.4904%3 2 10054a-1 2. 000z6
3 17,478 41563363 4.37182 B2, 10520

S16




27¢

Response_ Signal: CF430T12DFIDIACH

50000 |
0000 |
330000

320000 |

310000

270000 |

e R ihe

000 &

210000

peak R.T. SL:irt E.—_ad PX peak peak peak % of
# mip min min TY height % max. total
1 33.82% 33.667 33.854 B M__Z_;;;; 1850068 -;-;;; :.‘-E.;_;;
2 34.095 33.359 34.401 M 270337 24476526 100.00% 92.91‘3%)
Sum of corrected areas: 26326595
28¢
T RDA, wﬁﬁls;n o - . o
| A
! 34 ﬂ
| az | ||
[
20 ‘n
! ||
28 o "fP |
] L | i
[
1 Mg & [
1 vy A
1 J I
. T A T e e
Peak RetTime Type Width Area Height Area
¥ [min) [min] [pA*a] ipal %

RN [ mmmm|mmmmeme e[ e ——— Y (——
1 73.320 WF 0.3703 40.20486 1.80973 83.59422
2 73.998 FM 0. 3608 7.89040 3.64521e-1 16.40578

Totals : 48.09526 217428
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30
(program: 70-0-1-170)

Response_ Sigpus: CFA4SNOTF DIFIBIA GH Respman, Signk CFA4ST2 FIDIACH
640000
130000
b 1250000
| 1200000
s 1150000
<eonon
-
240000 G164  B211
: f—
520003,
1003000
50000%:
9HI00:
aeou
sonnon sn
.
240000, 45000
o p
p—
e o000
. —
260000) GEA000
Jv— 600000 3398
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