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General Information and Procedure for the Coupling Reaction

General information:

The materials were used as purchased. CI(CH;).Cl and BF3*OEt, were freshly distilled
before use. All reactions were run under argon atmosphere using flame-dried glassware
and magnetic stirring. Under standard conditions the reactions were monitored by
thin-layer chromatography (TLC) on gel F2s4 plates. The silica gel (200-300 meshes) for
column chromatography was from the Qingdao Marine Chemical Factory in China, and
the distillation range of petroleum is 60-90°C.

'H and "*C NMR spectra were recorded in CDCl; solution on the Varian Mercury-plus 300
or 400BB instruments, and spectral data are reported in ppm relative to tetramethylsilane
(TMS) as internal standard. MS were measured on a HP-5988 spectrometer by direct
inlet at 70 eV, and signals were given in m/z with relative intensity (%) in brackets.
High-resolution mass spectral analysis (HRMS) data were measured on the Bruker
Apexll by means of the ESI technique. Optical rotations were recorded in acetone at 20
°C by the DerkinElmer Model 341 Polarimeter. The [a]p values were given in 10 deg
cm> g™

A general procedure for the coupling reaction:

Typical procedure: To a flame-dried 25 mL flask were sequentially added CI(CH3).Cl (4
mL), primary alcohol 2 (0.75 mmol) and RuClI;(PPhs)s (0.0125 mmol). It was stirred from
room temperature to 40 °C for 10 min. The alcohol 1 (0.5 mmol) was added and stirred at
40 °C for 10 min under argon atmosphere, and then the freshly distilled BF3;*OEt, (0.15
mmol) was introduced into the above reaction mixture. The resulting mixture was stirred
at 40 °C for 20 min, and another portion of BF3*OEt; (0.45 mmol) was added further. The
reaction was heated using oil bath to 50 °C, and stirred at 50 °C for 5h, After that, it was
cooled to room temperature, and diluted with ethyl acetate (3 mL) followed by addition of
saturated aqueous NaHCOs3; solution (2 mL). The organic layer was separated, and the
aqueous phase was re-extracted with ethyl acetate (3 x 5 mL). The combined organic
extracts were washed with H,O (20 mL), and dried over anhydrous Na,SO,. After
removal of the solvent, the residue was purified by the flash chromatography to afford the
desired separable product 3.



Analytic Data of Products

OH

3aa

The compound 3aa separated by flash chromatography (petracther: EtOAc=10:1)

'H NMR (CDCls, 400 MHz, ppm) o: 1.18 (d, J=6.0 Hz, 3 H), 2.02 (s, 1 H, -OH), 2.10 (dd, J = 8.4 and 6.4 Hz,
2 H), 3.63 (dd, J=12.8 and 6.4 Hz, 1 H), 4.17 (dt, J = 8.0 Hz, 1 H), 7.13-7.18 (m, 2 H), 7.20-7.29 (m, 8 H); *C
NMR (CDCls, 100 MHz, ppm) 23.9, 44.9, 47.6, 65.8, 126.1, 126.2, 127.6, 127.7, 128.0, 128.5, 144.3, 145.0;
MS m/z (%) 226 (M, 3), 208 (76), 193 (46), 167 (100), 152 (32), 130 (37), 115 (24); HRMS (ESI): calculated
for C1gH2oNO [M+NH,]": 244.1696; found: 244.1699.

3ab
The compound 3ab separated by flash chromatography (petracther: EtOAc=10:1).
'H NMR (CDCl, 400 MHz, ppm): 6 0.84-0.88 (m, 3 H), 1.29-1.31 (m, 1 H), 1.39-1.45 (m, 3 H, with -OH),
2.04-2.11 (m, 1 H), 2.19-2.26 (m, 1 H), 3.47 (dd, J = 6.0 and 3.2 Hz, 1 H), 4.23 (dd, J=10.0 and 5.6 Hz, 1 H),
7.13-7.19 (m, 2H), 7.25-7.30 (m, 8 H); *C NMR (CDCl;, 100 MHz, ppm) 14.0, 18.6, 40.1, 43.2, 47.5, 69.5,

126.1, 126.2, 127.7, 128.1, 128.4, 128.5, 144.1, 145.3; MS m/z (%) 254 (M", 1), 236 (49), 193 (100), 180 (22),
167 (89), 152 (23), 115 (22); HRMS (ESI): calculated for C;sHyNO [M+NH,]": 272.2009; found: 272.2013.

3ac

The compound 3ac separated by flash chromatography (petraether: EtOAc=10:1).

'H NMR (CDCls, 400 MHz, ppm): & 0.84 (d, J =7.2 Hz, 3 H), 091 (d, J = 6.8 Hz, 3 H), 1.43 (s, 1 H, -OH),
1.63-1.71 (m, 1 H), 2.00-2.08 (m, 1 H), 2.24-2.32 (m, 1 H), 3.25-3.29 (m, 1 H), 4.27 (dd, J=10.8 and 5.2 Hz, 1
H), 7.14-7.23 (m, 2 H), 7.24-7.35 (m, 8 H); *°C NMR (CDCls;, 100 MHz, ppm) 17.1, 18.6, 34.0, 39.9, 47.7,
74.2,126.1, 126.3, 127.7, 128.2, 128 .4, 128.5, 144.0, 145.6; MS m/z (%) 254 (M", <1), 236 (32), 193 (79), 180
(52), 167 (100), 152 (24), 115 (17); HRMS (ESI): calculated for C;gH,sNO [M+NH,4]": 272.2009; found:
272.2006.
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3ad

The ratio is 2:1 (Reaction time was 3 h)

The compound 3ad separated by flash chromatography (petracther: EtOAc=10:1), but the mixture of
diastereoiosmers could not be inseparable. The diastereoselectivity was determined from the integration
resonances in the *C NMR spectrum of the mixture. The major isomer is defined as A, and the minor isomer as
B. The chiral substrate purchased from the Prof. Wei-Sheng Tian, the Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences.

[a]’)
3 Ha+3 Hp), 1.05-1.37 (m, 4 Ha+4 Hp), 1.51 (s, 1 H, with -OH), 1.87-2.18 (m, 3 Ho+3 Hp), 3.13-3.18 (m, 1
Hat+1 Hg), 3.76-3.81 (m, 1 Ha+1 Hp), 4.13-4.19 (m, 1 Ha+1 Hp), 7.14-7.24 (m,20 Hx+20 Hg); *C NMR
(CDCls, 75 MHz, ppm) 13.9, 15.2, 30.5, 31.4, 33.2, 33.3, 38.6, 38.9, 39.3, 40.1, 47.6, 47.7, 51.5, 51.6, 72.7 (A),
73.0 (B), 126.0, 126.2, 127.7, 127.8, 128.0, 128.1, 128.3, 128.4, 128.5, 143.8, 144.0, 144.7, 144.8, 145.1, 145.2,
145.3, 145.4; MS m/z (%) 434 (M", <1), 416 (1), 277 (16), 259 (100), 235 (10), 215 (8), 193 (12), 180 (46),
167 (74), 152 (28), 129 (14), 105 (22), 91 (16), 77 (24); HRMS (ESI): calculated for C3,H3sNO [M+NH,4]":
452.2948; found: 452.2943.

I OH

The compound 3ae separated by flash chromatography (petracther: EtOAc=10:1).

'H NMR (CDCls, 400 MHz, ppm): & 0.79 (d, J = 6.8 Hz, 3 H), 0.83 (d, J = 6.8 Hz, 3 H),1.24-1.30 (m, 1 H),
1.35-1.42 (m, 1 H), 1.55 (s, 1 H, -OH), 1.66-1.73 (m, 1 H), 2.01-2.09 (m, 1 H), 2.17-2.24 (m, 1 H), 3.48-3.55
(m, 1 H), 4.22 (dd, J =10.4 and 6.0 Hz, 1H), 7.12-7.18 (m, 2 H), 7.22-7.32 (m, 8 H); *C NMR (CDCls, 100
MHz, ppm) 22.2, 23.3, 24.6, 43.6, 47.2, 47.5, 67.8, 126.1, 126.2, 127.6, 127.7, 128.0, 128.1, 128.5, 144.1, 145.3;
MS m/z (%) 268 (M", <1), 250 (38), 219 (12), 193 (52), 180 (42), 167 (100), 152 (24), 115 (14); HRMS (ESI):
calculated for C;9H,sNO [M+NH4]+: 286.2165; found: 286.2170.

O OH
O 16

3af

=+4 (c = 1.0 in acetone, mix epimers ratio: 2:1); 'HNMR (CDCl;, 300 MHz, ppm): & 0.86 (d, J= 6.9 Hz,

-

Jae

(Reaction time was 16 h)

The compound 3af separated by flash chromatography (petraether: EtOAc=10:1).

'H NMR (CDCls, 400 MHz, ppm): & 0.86-0.92 (m, 3 H), 1.21-1.32 (m, 30 H), 1.40 (s, 7.24-7.26 (m, 1 H, -OH),
1.47 (dd, J =10.4 and 5.2 Hz, 2H), 2.06-2.14 (m, 1 H), 2.22-2.29 (m, 1 H), 3.45-3.51 (m, 1 H), 4.26 (dd, J=10.4
and 6.0 Hz, 1H), 7.16-7.23 (m, 2 H), 7.25-7.35 (m, 8 H) ; *C NMR (CDCls, 100 MHz, ppm) 14.1, 22.7, 25.5,



29.3,29.7, 31.9, 38.0, 43.2, 47.6, 69.8, 126.1, 126.3, 127.7, 128.1, 128.5, 144.2, 145.3; MS m/z (%) 450 (M",
<1), 432 (6), 267 (6), 209 (20), 193 (64), 180 (45), 167 (100), 152 (20), 111 (30), 97 (40). HRMS (ESI):
calculated for C;,Hs4NO [M+NH4]+: 468.4200; found: 468.4201.

OH

3ag

(Reaction time was 4 h)

The compound 3ag separated by flash chromatography (petraether: EtOAc=10:1).

'H NMR (CDCls, 400 MHz, ppm): 6 1.59 (s, 1H, -OH), 1.73-1.80 (m, 2 H), 2.09-2.16 (m, 1 H), 2.22-2.28 (m, 1
H), 2.53-2.60 (m, 1 H), 2.66-2.74 (m, 1 H),3.5 (m, 1 H), 4.19-4.23 (m, 1 H), 7.10-7.19 (m, 4 H), 7.22-7.29 (m,
11 H); ®C NMR (CDCls, 100 MHz, ppm) 31.9, 39.6, 43.1, 47.5, 69.3, 125.7, 126.1, 126.3, 127.6, 128.0, 128.3,
128.5, 141.9, 144.0, 145.0; MS m/z (%) 316 (M", <1), 298 (42), 220 (6), 207 (14), 193 (43), 180 (25), 167
(100), 152 (26), 91 (22); HRMS (ESI): calculated for Co3HysNO [M+NH,]": 344.2165; found: 344.2164.

OH
e C

3bg

(Reaction time was 4 h)

The compound 3bg separated by flash chromatography (petracther: EtOAc=10:1).

'H NMR (CDCls, 300 MHz, ppm): 6 1.69-1.84 (m, 3 H, with -OH), 2.02-2.21 (m, 2 H), 2.54-2.82 (m, 2 H),
3.05-3.49 (m, 1 H), 4.20 (dd, J = 9.9 and 5.7 Hz, 1 H), 6.90-7.05 (m, 4 H), 7.10-7.27 (m, 9 H); *C NMR
(CDCl3, 75 MHz, ppm) 31.9, 39.6, 43.3, 45.7, 69.0, 115.1, 115.2, 115.4, 115.5, 125.9, 128.2, 128.4, 128.9,
129.0, 129.3, 129.4, 139.5, 140.6, 141.7, 159.6, 159.7, 162.9, 163.0; MS m/z (%)352 (M, < 1), 334 (18), 229
(22), 216 (16), 203 (100), 183 (42), 131 (18), 91 (50); HRMS (ESI): calculated for Cp3;HysFaNO [M+NH,]":
370.1977; found: 370.1972.

(Reaction time was 3 h)

The compound 3bh separated by flash chromatography (petraether: EtOAc=10:1)

'H NMR (CDCls, 300 MHz, ppm): 6 0.94-1.32 (m, 6 H, with -OH), 1.58-1.75 (m, 6 H), 1.91-2.02 (m, 1 H),
2.15-2.24 (m, 1 H), 3,13-3.19 (m, 1 H), 4.25 (dd, J=11.1 and 4.5 Hz, 1 H), 6.90-7.00 (m, 4 H), 7.15-7.23 (m, 4
H); *C NMR (CDCls, 75 MHz, ppm) 26.1, 26.2, 26.4, 27.7, 29.0, 40.1, 44.2, 45.8, 73.3, 115.0, 115.2, 115.3,
115.5, 128.8, 128.9, 129.4, 129.5, 139.4, 139.5, 141.2, 141.3, 159.7, 162.8, 163.0; MS m/z (%) 330 (M, <),
312 (12), 229 (48), 216 (100), 203 (88), 183 (34), 133 (10), 95 (9); HRMS (ESI): calculated for C,HysF,NO
[M+NH,]": 348.2133; found: 348.2134.



3cg
syn : anti =7 : 1 (Reaction time was 4 h)

The compound 3cg separated by flash chromatography (petracther: EtOAc=10:1), but the mixture of
diastereoiosmers could not be inseparable. The diastereoselectivity was determined from the integration
resonances in the °C NMR spectrum of the mixture. The major syn isomer is defined as A, and the minor anti

isomer as B.

'H NMR (CDCl;, 300 MHz, ppm): & 1.71-1.81 (m, 3 H, with -OH), 2.05-2.08 (m, 2H), 2.12-2.26 (m, 3 H),
2.54-2.70 (m, 2 H), 3.50-3.54 (m, 1 H), 4.42 (dd, J = 9.3 and 6 Hz, 1 H), 7.09-7.28 (m, 14 H); *C NMR
(CDCls, 75 MHz, ppm) 19.9, 31.9, 39.6, 42.8, 43.6, 69.3 (A), 69.0 (B), 125.7, 125.9, 126.1, 126.6, 127.9, 128.2,
128.3, 128.4, 130.6, 136.7, 141.4, 141.9, 144.7; MS m/z (%) 330 (M", < 1), 312 (32), 297 (3), 207 (28), 181
(100), 166 (50), 129 (20), 105 (22), 91 (58), 77 (10); HRMS (ESI): calculated for Co,H3NO [M+NH,]":
348.2323; found: 348.2320.

O OH
I OMe I

3dg

syn : anti = 3 : 2 (Reaction time was 4 h)

The compound 3dg separated by flash chromatography (petracther: EtOAc=10:1), but the mixture of
diastereoiosmers could not be inseparable. The diastereoselectivity was determined from the integration
resonances in the °C NMR spectrum of the mixture. The major syn isomer is defined as A, and the minor anti
isomer as B.

'H NMR (CDCl;, 300 MHz, ppm): & 1.73-1.81 (m, 2 Hx+2 Hg,), 2.01-2.24 (m, 3 Ha+3 Hp, with -OH ),
2.55-2.80 (m, 2 Hp +2 Hp), 3.43-3.60 (m, 1 Ha+1 Hg), 3.73 (s, 3 Hp), 3.79 (s, 3 Ha), 3.62-3.78 (m, 1 Ho+1 Hp),
6.77-6.90 (m, 2 Ho+2 Hp), 7.04-7.28 (m, 12 Hao+12 Hg); *C NMR (CDCls, 75 MHz, ppm) 31.9, 32.0, 38.7,
39.0, 39.5, 39.6, 42.5, 42.8, 55.3 (B), 55.6 (A), 69.1 (A), 69.6 (B), 110.6, 110.7, 120.5, 121.1, 125.5, 125.6,
125.9, 127.1, 127.2, 127.6, 128.0, 128.2, 128.3, 128.3, 128.5, 132.7, 133.4, 142.1, 142.3, 144.0, 156.6, 156.7;
MS m/z (%) 346 (M", < 1), 328 (10), 314 (5), 223 (18), 197 (62), 183 (35), 165 (20), 152 (12), 129 (14), 91
(100), 77 (8); HRMS (ESI): calculated for C,4H30NO, [M+NH,]": 364.2271; found: 364.2266.

OH

3eg

syn :anti=1: 1 (Reaction time was 4 h)

The compound 3eg separated by flash chromatography (petracther: EtOAc=10:1), but the mixture of
diastereoiosmers could not be inseparable. The diastereoselectivity was determined from the integration



resonances in the °C NMR spectrum of the mixture. The syn isomer is defined as A, and the anti isomer as B.
'H NMR (CDCls, 300 MHz, ppm): & 1.38 (s, 1 Ha+1 Hg, with -OH), 1.75-1.84 (m, 2 Ha+2 Hp), 2.13-2.25 (m,
2 Ha+2 Hp), 2.28-2.30 (m, 3 Ha+3 Hp), 2.60-2.74 (m, 2 Ho+2 Hp), 3.54-3.55 (m, 1 Ha+1 Hp), 4.15-4.20 (m, 1
Ha+1 Hg), 7.06-7.28 (m, 14 Hx+14 Hg): *C NMR (CDCls, 75 MHz, ppm) 20.91, 31.9, 39.6, 43.1, 47.0, 47.1,
69.38, 69.42, 125.7, 126.1, 126.2, 127.5, 127.6, 127.8, 127.9, 128.2, 128.3, 128.4, 128.5, 129.1, 129.2, 135.6,
135.7, 140.9, 142.0, 144.2, 145.3; MS m/z (%) 330 (M", < 1), 312 (28), 297 (4), 207 (35), 181 (100), 166 (48),
129 (16), 105 (18), 91 (50), 77 (10); HRMS (ESI): calculated for C,4H3NO [M+NH,]": 348.2323; found:
348.2324.

3fg

syn : anti =5 : 1 (Reaction time was 6 h)

The compound 3fg separated by flash chromatography (petracther: EtOAc=10:1), but we just received two
diastereoiosmers and could not be inseparable, the other isomers were trace and could not be received. The
major isomer is defined as A, and the minor isomer as B, and the ratio was determined from the integration
resonances in the **C NMR spectrum of the mixture.

'H NMR (CDCls, 300 MHz, ppm):  0.61-0.70 (m, 3 Ha+3 Hg,), 0.93 (d, J = 7.2 Hz, 3 H,), 0.99 (d, J = 6.3 Hz,
3 Hg), 1.40-1.88 (m, 5 Hx+5 Hp), 2.29-2.47 (m, 2 Ha+2 Hp), 2.47-2.76 (m, 1 Ha+1 Hp), 3.29-3.33 (m, 1 Ha+1
Hg), 7.04-7.27 (m, 10 Ho+10 Hg); *C NMR (CDCls, 75 MHz, ppm) 10.7 (B), 11.6 (A), 12.2, 12.3, 25.0 (A),
26.3 (B), 32.7, 33.4 (A), 37.3 (B), 42.9 (B), 45.4 (A), 50.0 (A), 50.7 (B), 71.7 (B), 72.7, 125.7, 125.9, 126.0,
128.1, 128.2, 128.3, 129.0, 142.1, 142.3, 144.1, 144.3; MS m/z (%) 282 (M, < 1), 264 (4), 235 (3), 173 (4),
163 (7), 145 (12), 131 (14), 119 (30), 105 (23), 91 (100), 77 (5); HRMS (ESI): calculated for C;0H,;ONa
[M+Na]": 305.1876; found: 305.1873.

OH

39d'

3 . .
39 syn:anti>99: 1 syn:anti>99: 1
(Reaction time was 4 h) (Reaction time was 4 h)

The compound 3gg separated by flash chromatography (petraether: EtOAc=10:1), and the anti isomer could not
be detected by BCNMR spectrum, but the other byproduct 3gg’could be received in 10% yields.

'H NMR (CDCl, 400 MHz, ppm): 6 1.29 (d, J = 5.2 Hz, 3 H), 1.35 (s, 1 H with -OH), 1.70-1.86 (m, 4 H),
2.61-2.69 (m, 1 H), 2.75-2.81 (m, 1 H), 2.89-2.94 (m, 1 H), 3.65-3.69 (m, 1 H), 7.13-7.24 (m, 6 H), 7.28-7.33
(m, 4 H); *C NMR (CDCLs, 100 MHz, ppm) 22.0, 31.9, 36.8, 39.3, 46.2, 69.7, 125.7, 126.1, 126.8, 128.4,
128.5, 142.1, 147.3; MS m/z (%) 254 (M", < 1), 236 (28), 194 (5), 158 (6), 145 (32), 131 (42), 118 (50), 105
(100), 91 (92), 77 (16); HRMS (ESI): calculated for C;sH,NO [M+NH,4]": 272.2009; found: 272.2012.



OH

The compound 3hg separated by flash chromatography (petracther: EtOAc=10:1), and the anti isomer could not
be detected by BCNMR spectrum.

'H NMR (CDCls, 300 MHz, ppm): 8 0.83 (s, 9 H), 1.34 (s, 1 H with -OH), 1.67-1.84 (m, 4 H), 2.51-2.69 (m, 3
H), 3.26 (dt, J = 3.3 Hz, 1 H), 3.80 (s, 3 H), 6.82 (d, J = 9.0 Hz, 2 H), 7.04-7.26 (m, 7 H); *C NMR (CDCl;, 75
MHz, ppm) 28.2, 32.2, 33.6, 37.1, 40.1, 51.4, 55.1, 69.6, 113.1, 125.7, 128.2, 128.3, 130.0, 134.3, 142.2, 157.9;
MS m/z (%) 326 (M", 3), 293 (1), 269 (10), 251(5), 177 (5), 147 (7), 135 (100), 121 (15), 105 (10), 91 (47);
HRMS (ESI): calculated for Cy;H34NO, [M+NH4]+: 344.2584; found: 344.2587.

3hg

syn : anti > 99 : 1 (Reaction time was 3 h)

OMe

OH

3hh

syn : anti > 99 : 1 (Reaction time was 3 h)

The compound 3hh separated by flash chromatography (petraether: EtOAc=10:1), and the anti isomer could not
be detected by *C NMR spectrum.

'H NMR (CDCl;, 300 MHz, ppm): 8 0.86 (s, 9 H), 0.91-1.23 (m, 7 H, with -OH ), 1.62-1.83 (m, 7 H), 2.64 (dd,
J=12.0 and 2.4 Hz, 1 H), 2.89-2.94 (m, 1 H), 3.79 (s, 3 H), 6.81 (d, J= 6.3 Hz, 2 H), 7.05 (d, J = 7.8 Hz, 2 H);
3C NMR (CDCl;, 75 MHz, ppm) 26.1, 26.2, 26.5, 28.1, 28.2, 29.0, 33.6, 44.5, 51.4, 55.1, 73.7, 112.9, 130.5,
134.4, 157.7; MS m/z (%) 304 (M", 1), 247 (6), 177 (2), 149(4), 135 (100), 121 (8), 105 (4), 95 (18); HRMS
(ESI): calculated for C,0H3¢NO, [M+NH,4]": 322.2741; found: 322.2741.

O OH

3ig

The compound 3ig separated by flash chromatography (petracther: EtOAc=10:1), but the mixture of

syn : anti =8 : 1 (Reaction time was 16 h)

diastereoiosmers could not be inseparable. Furthermore, other isomers were trace and could not be received.
The diastereoselectivity was determined from the integration resonances in the BCc NMR spectrum of the
mixture. The major syn isomer is defined as A, and the minor anti isomer as B.

'H NMR (CDCLs, 300 MHz, ppm): & 0.89, (d, J = 6.6 Hz, 3 H), 1.21-1.30 (m, 1 H), 1.40-1.58 (m, 2 H),
1.65-1.77 (m, 2 H), 2.00 (s, 1H, with —OH), 2.33-2.82 (m, 4 H), 3.75 (m, 1 H), 7.12-7.27 (m, 10 H); *C NMR
(CDCls, 75 MHz, ppm) 19.1, 20.3, 31.3, 31.9, 32.1, 39.2, 40.0, 44.3, 44.5, 69.1 (A), 69.4 (B), 125.8, 128.2,
128.3, 128.4, 129.2, 141.0, 142.1; MS m/z (%) 268 (M, < 1), 250 (5), 208 (3), 172 (2), 159 (13), 145 (15), 131
(10), 118 (90), 103 (12), 91 (100), 65 (8); HRMS (ESI): calculated for C;oH,sNO [M+NH,]": 286.2165; found:
286.2168.



3aa-d,

The compound 3aa-d; separated by flash chromatography (petracther: EtOAc=10:1), The CH;CD,OH (min 98
atom % D, from the Sigma-Aldrich Trading Co., Ltd.).

'H NMR (CDCls, 300 MHz, ppm) &: 1.20 (s, 3 H), 1.36 (s, 1 H, -OH), 2.16 (s, 2 H), 7.14-7.21 (m, 2 H),
7.25-7.29 (m, 8 H); ®C NMR (CDCls, 75 MHz, ppm) 23.9, 44.7, 126.2, 126.3, 127.7, 128.0, 128.5, 128.5,
144.2, 144.9; MS m/z (%) 228 (M, < 1), 210 (32), 209 (46), 194 (38), 179 (16), 168 (100), 166 (52), 153 (28),
130 (34), 116 (24); HRMS (ESI): calculated for C;¢H;sD,ONa, [M+Na]": 251.1375; found: 251.1377.

@Aﬂ

4-phenyl-2-butanol

The compound 4-phenyl-2-butanol as a major product was separated by flash chromatography (petraether:
EtOAc=10:1). The coupling reactionan used the general procedure, and stirred at 55 °C for 24h.

'H NMR (CDCls, 400 MHz, ppm) &: 1.24 (d, J = 6.4 Hz, 3 H), 1.75 (s, 1 H, -OH), 1.76-1.82 (m, 2 H),
2.67-2.79 (m, 2 H), 3.84 (dd, J = 12.2 and 6.6 Hz, 1 H), 7.18-7.22 (m, 3 H), 7.26-7.32 (m, 2 H); *C NMR
(CDCls, 100 MHz, ppm) 29.6, 32.1, 40.8, 67.5, 125.8, 128.4, 142.0; MS m/z (%) 150 (M", 6), 132 (48), 117
(84), 105 (68), 91 (100), 77 (18).



Stereo-configuration Analytic of Products

For determination of the relative configuration, the Hydride with bulky substituents L-selectride
was especially useful for this stereoselective reduction of carbonyl compounds 3cg-1. Through the
configuration analytic that the preferential conformation was syn-3cg-2, and the syn: anti products
were received with the ratio 3:2. Compared with the chemical shifts of Ca, we assured that the major
reaction product of our work is syn configuration (scheme 1)..

Ph  OH
favorable
> o Ph
| route A o
syn-3cg-2 &
r ° n (major) 2 o
routeA M it
\ H H “’I
PR 0 L-Selectride 0 Rt {
Ph ——— Ph / bat syn:anti = 100:68 l
= Ca (syn-3cg-2)
3cg-1 \IHe route B n Ca (anti-3cg-2)
| i
L Rt = 0-CgHsMe; RM = Ph h SO J_v,wf km ol
Ph  OH / UL Sl S S /
‘ route B : 70 69
* Ph JGTIIO‘_'—V
unfavorable 68.47
anti-3cg-2
(minor)

69.262

Ph OH
ﬁjw Caoynaea)

1 .
3cg (dr = 100:15) I Ca (anti-3cg)

69.022

8 =69.3 ppm (major product) ,\/" N
8 =69.0 ppm (minor product) SN Y Y S Lo
————— ——————
69.5 69.0

—_—
100.00
15.03

SI-Scheme 1. Stereo-configuration Analytic of Products



The Comparison of different pathway in deuterium experiment

—The “Transfer-Hydrogenative-Coupling”, “Oxidation-Hydroacylation-Reduction”, and our “Sp*- C-H Activiation”

under acidic condition OH OH under acidic condition
............................... + N,
Transfer- Phﬁ\ Ph D/IL\ : Oxidation-
Hydrogenative- : i Hydroacylation-
Coupling CA da 2a;ds A yRedurj:/tiorlr
¥ \
84% yield ‘ This Work. Ph le)
o ? + )J\ + D—[M]—H +H,0
+ D—[M]—H +HyO —[M]—H +
Ph/& (MI—H + DJ\ 2 Ph D-M] 2
| RU
; o™l
> 98% >98% Ph O
Ph Ph
MI-D - single product 3aa-d, obtained ! Ph
Ph/ii\/[ D gy o aotuint P
B! D B2 Cross-coupling via sp® C-H activiation of alcohol B"
o .
D)l\ c D—[MI—H; ¢
' i
Ph OD Ph OH
Ph D
Ph T Ph 1
major major Ph  OH Ph OH D 1.H
1
c c work-up Ph b Ph wcg-up
= H)D D +
(H) D(H)
Ph OD Ph  OH v N J Ph OH
Ph Ph h ficall guantitative N
D! D eoretically deuteration quantitative  Theoreticall Ph
HpD D ~ 50% : 50% deuteration  ~ 509 - 500/): D D
minor minor c?
c? c4

Transfer-Hydrogenative-Coupling Oxidation-Hydroacylation-Reduction

For the recent review on "Oxidation-Hydroacylation-Reduction”,

For the recent examples on the "Transfer-Hydrogenative-Coupling”
see: Acc. Chem. Res. 2008, 41, 222-234.

under basic condition, see: 1) J. Am. Chem. Soc. 2007. 129, 15134-
15135; 2) J. Am. Chem. Soc. 2008. 130, 6338-6339; 3) J. Am. Chem.
Soc. 2008. 130. 6340-6341.

SI-Scheme 2. Deuterium Experiment
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Preferred conformation of the radical intermediate D

Q@L(RM) —_— —&CRL ®R™)

0]

! an
H R/ /

H CRL(RM)
H oH
)

C-H hyperconjugation effect ﬂ C2-C3 rotation

for stablizing the radical

H /

e
RM)&R? N
H o

CHR(OH)
(v)

For all examples except entry 8 of Table 3, either of
RL and RM is aromatic group . So, the active specie
in D of Scheme 3 should be the planar benzyl
radical because of the p-m conjugation.

H

R—QéR'—(RM)

In the case of entry 8 of Table 3 (R" = H
C1-C2 rotation

CH,Ph, RM = Me, R = CH,CH,Ph), the
tertiary radical intermediate in D should be
the rapidly inverting pyramidal structure
(see V-1i and Vi ), but the
stereochemical outcome of the final

reductive product is equivalent to that H
through the mentioned above reaction R (’;RL(RM)
model of the planar radicals.

U C1-C2 rotation

H
C1-C2 rotation

R = alkyl;
ﬂk_g;; / R- = large group;
RM = medium group

In this stable conformation of the radical intermediate in the
transition state D of Scheme 3, "R-C1-C2-C3" with an energetically
stable staggered conformation (lll) aligned in the one plane, in which
"OH" is arranged on the upside of the plane and "H" is on its
downside. "RE-RM-C2-C3" with a preferred conformation (V) alomst
located in this plane, wherein "R™" is in front and "R"" is at backside.

unfavorable

[Rul-H
M M j /q
o - ‘\R
H@\CHR(OH) /
RM'

C2-C3 rotation (V'-1i)

H fast " fast “

R i RY R- /
CHR( OH) H

C2-C3 rotation \\/ [Ru] H

<V-1->

favorable

SI-Scheme 3. Preferred conformation of the radical intermediate in D of Scheme 3.



000°0-

mn.n..n|||v||

06T T

220°2¢
LET"2
¥s81°2

mﬂ.ml\

vite

019°€
§29°€
Iv9°€
L59°€
051"

)

06T"

P00 WD Mmo
OWNT MO DO
NNNNN A
[l o A S

oﬁ
Jaa

ppm

10

12

12



77.316
77.000
65.840
47 .627
44 .865
23.917

\76.680

144.939
144,257

\

OH

Jaa

u NN

-y

TT[!IYITTT|'|VVII|Irll|¥vNVITII!|I1\![lllI|T_IVI‘Y!\!|II!V|!TII|IIIT1¥YrI|YIIIlllII|IIlVIYIY\]IIIIIT\IW'[IIIIIIIII|)IIV1IIII|II

220 200 180 160 140 120 100 80 60 40 20 0 ppm

13



SSv° €
€9b° €
73 2]
8Lv°E
602" v
€22V
vee v
8ve v

SET L
LPT° 2
€ST°¢
851°¢
891" ¢
92172
|22 B3
061" ¢
[2 223
662° ¢
992°¢
8227 ¢
8627 2L

OH

3ab

Bl

ppm

10

12

[

e

3.48 3.25

b
1.11

1.02

1.50

2.20

14



wn T e NS oo w < @ N~ ~

~ o T ONND -OoN~N o <« wm T o~

o TITOONO Mmoo <« T - © o

< WO~ ® ~NN~N© o r\.mo o o

T < NNNNNN NN © < < < - -

r 3\ — - L R
3ab
\\

v|rl|I|1llII[IITIIYIII|ITII|IIII‘IIII[!(YI[YIII‘Il\Y[lIYl]l||r|l1IIIIIIl]!llllIIII[I!IT[II’II|Y|!l’(llT[|Ivl|l\\v|lll[|TIlI[\1
220 200 180 160 140 120 100 80 60 40 20 0 ppm

15



NTANDDOMNMNOSOM
O -HODOOWLWWWTM
ONN®DO®W®O®OO®
N e e e -

A

A

I

OH
3ac

ppm

10

12

e
1.19 .56
0.99 1.32

e

1.14

16



N -BO-HWTO coTom w N ~ T N
o~ N~ o - oo © < «© N -
© o DT e ONO Moo =S ) @ o -
nm 0 00 M O W ~N oY ~ @ ] © ~
< < NNNNNN NS~ ~ < ) ™ - -
- - e e
- \K W
\
. [T . . ull
e . iy M ﬂ‘ y
ll{ITTllVVITIT1TTlITVV\|ITTTIIII’]\IVI!!VII[VIII‘Vll!}IIIIIIIIIIITITITI‘l]TTlTTl’TII]I!Yll|!l|]IIIIT]Ill]lYI‘lllTY{lllYll||I|Il

220

200

180

160

140

120

17

100

80

60

40

20

0

ppm



I A

88T "
e
e

A

OH

3ad

ppm

10

|
12

— e

3.99

20.81

4.25

1.12

18



6S8°€T
8ST ST

059°2¢2
9€0° €L
945792
000" 22
beb- Ll

970" 921
8p2° 921
€127 .21
1087221
Spb0° 82T
6217821
18€°82T
0Sb 82T
4067827
2587 EVT
200° vyl
8G8L°vpT
§98°vb1
2607 SVT
68T SbT
LLT°SPT
62b°SYT

OH

3ad

T

hohergonl

et

ppm

20

40

60

80

|
100

1
120

T
140

|
160

|
180

2

1
220

19



L

T
ppm

T

2
b L

1.08 1.04.24 3.68

10

12

e

1.09 0.98.06 2.94

20




m m TODT T T~ co - o~ ©w oW o« T O
(- ONDDHWN— N O ~ 0 N oo
~N o TOPNOON- [N ~ T N © W -
w < 0N NN ~r~© ~ N~ M T MmN
< < NNNNNNN ~r~ o~ © < < < NN~
— e - A -

I

¢

OH

3ae

] ) L

bt o td " » -

u

rl[\\l!l\lr\‘lrrlvwIVrl)l\{ll?![\r!llIll[]\T"Ilr\l[vl\.[\|I}\IIIITT\I|\IWI{IIII|ITIIWIT\![ITII!YTTY]’\\!\IIIII]I'IIIFII\[V}

220 200 130 160 140 120 100 80 60 40 20 0 ppm

21



|

.

3af

)

ppm

10

11

12

u

2.81.96

1.03

8.46

3.27

2.62

1.12

0.99

2.26

22



n o W~ NS mow M W O ® ~NONT o
-~ oo oo~ 0 o < O~ o 23
[ TON N nmow ~ W N O DOMT® =
w < WO ©w ~NNoO o ~ o © o owN <«
T < NN NN~ NS o < < o« M N NNN -
] B R

OH

3af

- o ra————ho——_ TR TEUUN | USSR B AU N B0 . -

Tf‘T71YT77I\IIIlI!rI\r!l\[Yll!x\IIYIIIYI\VWIIIT‘f‘[I[YIIV]!III]IV\!]’YTl}l\l11(lll[llY?I]IVI[TII\ll\II[I’!‘|III!}I|II[lxIY(T"r

2210 200 180 160 140 120 1086 80 60 40 20 0 ppm

23



OH

/

\

3ag

|

10.80

ppm

2

1.081.10 2.18

10

12

1.041.05 1.01

4.07

24




N O N VO =T WON 0o ~ o o wn @
T oON ORI M NO & o W « © ~
oo om TNDON-N m oW (2] T =W ©
e .

oM MMM ~N o o ~ 0 o -
T T T NNNNNNN AN © T T m »

\
o W - P " [ powy "

s ——_ ' ——————— ‘-l” wwrba? I H———— v LL, -

l|IIIIIIIIIIrTIIlIl!||[llT?IIKIIII"I'IIII]IIII]IIll]llll[llll]lllllllII[IIIIIIIII|IIII|llll[TT!!'llll||||l!!l1l[ll|l|l|I[[II

220 200 180 160 140 120 100 80 60 40 20 0 ppm

25



10

2.49

2.32 4.19

3.05

2.35

1.00

7.39

26



888°1¢

8T19°6€

G52 ¢Ep

6EL"SY

200°69

€487 9¢

966°9¢2
by L

8TT STT
9€2°STT
00v°STT
STS°STT
€98°521
vve-8el
S8€°82T
858°821
196821
£€92°621
99€° 621

00S°6ET
08S°0VT
649°TVT

9T9°6ST
92.°6ST
G68°297T
0.6°29T

o —

OH

4

\

3bg

I

wau

]lv||[!|II[I!II[‘Yllllllll]!lllllv\V]lIII!IIII[l!lllllTl]Illrlrv|l]vlr||l|ll[IIII||lI\[YIII]IIII{II!II!"']""I"

ppm

20

40

60

80

100

120

140

160

180

200

27




3bh

F:

\

h
ppm

10

11

12

e e e

2.72

6.66

1.04

4.21

4.34

1.18

1.00

4.02

28



T90°92
9.T°92
06€°92
0TL7 L2
L26°82

0€T° 0P

281 vb
v08°SP

62€° €L
9487 9¢
00022
L2h L

966 " bTT
€8T°STT
8L.2°ST1
T9v°ST1T

G€8°8¢T
8€6°82T
Z6€°6CT
S6v 62T

T8b°6ET
€25°6€T
LT12°TpT
1S2°ThT

0.S°6ST
6T.°6ST
608°2971
8567 ¢91

OH

3bh

[ €
| &
|
| o
| N
____ I
 — D —— L
S I o
) [ <
- _ -
—_— 4 — -
I o
1 | WO
E— i
]
L O
]
e
Foe
- [@))
= N
U, L
i —]
— N
Foed
L
F o
— <
Foed
b
[ o
— @
— ,Il
]
— 0
Foed
- o
- o
r N




580"
660°
9et”
112%
G9T°
187"
boe’
622"
§82°
282"

TTTTOMNONNNNNNNNNNNNNNNNNA A et oo oot

S

T
ppm

3.02

3.55

W

1_'_1
15.15

1.86

2.38

30



268"

vse”

ST9°
vzg”
LT9°

86¢"

9¢4S°
000" 22

67

125

6€
[44
1314

69

9L

vev- Ll

AT
Ep6”
veo-
‘921
AAY
'821
"821
"8e1
065"
199°
vev:
968"
689°

5S¢t
52T
821

0€T
9eT
Wi
1321
44!

OH

3cg

L

T

IR N

| L S I

T

L T

T

ppm

60

80

100

120

140

160

180

200

31



| Z2: 284
689 P
STL°P

N

OH
3dg

OMe

J

10

4.26
.35

5

1.94

2.11

wy

3.002.11
2.22

o
12.30
3.67



8T6° 1€

vi0-z¢
22.° 8¢
186° 8¢
26V °6€

LEIY BE

€087 ¢p
918" 2

02€°SS

pv9 55—

S21°69

095769
9.5°9¢

000°2¢
vy L

809°0TT
€02°071

2057021
6ET"T2T
L26°S21
929°s21

ve6°SeT
€E€1° 221 \

§2T°22T

6657221
6T0° 82T
v61°821
§52° 821
982° 821
veS 82T
189" 2€T
S6E°EET
9ET "2V
§82°2vT
926°€EVT

[ 2TAR 22t
6467 95T
1597957

OH

OMe

3dg

JL

It

T JM L

|

ppm

20

40

60

80

I
100

T
120

T
140

T T 7T

T

|
160

T
180

33




800° 0~
000°0

650°¢
28072
Vot ¢
| ZA 4
0T L
3 2 s
b1 L
LST° L
€9T7° ¢
69T°¢
981" ¢
26172
002°¢
2227 L
BEZ" L
3 X2
A XA
§52°¢
9227 L

OH
3eg

I
ppm

10

2.12

3.31

1.03

6.79

.08

2.09

1.01

8.51

34




0T6°02

888° 1€

9.5°6€

br1°ev
LV0° LY
| ZANA4

08€°69
22" 69

9.5°9¢

000" 22
vev©LL

812°62T
790° 927
9.1°92T
88b° 2T
8967421
Lp8°L2T
v06° 22T
£92° 821
60€°8¢T
0Ssb° 82T
96" 82T
S.T1°627
€12°6¢T
069°S€T
b SET
TE€6 00T
696°TVT
6ET VYT
082°SPT

OH

3eg

(-

JLLw I,

"

LIS N L L B L

T T

T

| LA AL N AL N L B B
100

120

T 71T

[T

140

T

I

160

LN S N L O L B

T T T

frrrrroro

ppm

20

40

60

80

180

200

35




PRI ANNNNNNNNANNNNNANNNNN AT edT A AT A A A A A A A A At rdA A A A A A A A A A A A A A A S A A A A O OO0 O

~

OH

3fg

T

T
2

T

T

T

10

i
3.00 2.78

1.52 0.82 1.39

2.60 4.08

0.38
1.23 2.46

13.74

36



0 o nommr~ ® T O W wn o o < © N~
» nNno oo N O N o n o © N ™ <~
S ] M N~ 00 © T oo @ m ”m © -3 -
T N 0 MW W W ~Noo o - wn ”n N < N -
T < NNNNN N~ <« < o m ~ -t
- A -

\

OH

3fg

.

[IlYl]II]||IIlI]llII]|Ill|IIIIIIIlI[|IF77|Illlelll]|lll|IYIIIII|I|IIIVlllIl}llll]lll1|lII!I|I|||||1|‘IIII[VVIIyII

200 180 160 140 120 100 80 60 40 20 ppm

) e — ermrr— “ o o LL“ . AAM_J.YLLA“AML

e W L hp o iy " e e TR a L de "

37



OH

399

L

-

ppm

10

Ly

iy

1.06
1.011.13

38

4

.60

6

38



o © woWw—o Lo v [v] oN n
o o NI~ <o oo < 3] SN - —
” - N Mo~ Mo ® ~ o~ Mmoo o o
~ooo 0 W ® W ~No o ©0 » O o~
< < NN NN N N~ O < [Solss ) m o~
- - N -

OH

399

o lt L]

Y e

||||||v|||x|yl|||llll1||llllll|||ll|||l||||||llllll||;l;|||lr»|||(l||x‘!|||||||ll||ll||gll|rr|||I||||||ll!||lx||]||ll|vll|]lr
220 200 180 160 140 120 100 80 60 40 20 ] ppm

39



OMe

OH

3hg

ppm

10

12

4.94

40



- < - Mmoo w T o w ~ T o~ N N O o
o 2] - 7N o) o N O~ < < 0 N O =N~ N
© -l [+s] N N © -t T O Wn w - M - O O -
~ o~ < ©own ™ ~~No o w e oSNmN ©
wn - (2] N NN - N~ ©w n own T O MM
- -t -l i v - -
<
OMe
- L J | L. ]
| A . } N
—— oy " " o oo —a ppntdvhiar oy

lIIT||I\llllll|lIIIIIXIIIIIYI'IIIIITIIV|lrl||rlll]vlll]\(l![llrl[l‘l‘llllYI|III1'TIII]YT|ITXIII|\IIII|III|IIYY]II

200 180 160 149 120 100 80 60 40 20 ppm

41



28L°¢€
2728
86¢°

€08°
774:
S€0°
190"

09¢°

€

~ N0 ®

OMe

OH

3hh

Y Y

ppm

10

[

Lt g

2.07

1.04

11.28

8.54

1.00

2.06

42



~ ~ ~ TOoO 0w W T © [y} NN W WM T

~N - < N O N~ N @w wn MmMwoowmno,mdMm
~ < o T O W~ o m < OO N AT N
~ e o ~~®wm wn - < 0} 00 0 0 W WO
w ™ - M~~~ wn wn < MmN NNANNN
- — -

r

|

Pl

R L JM HJ )

LA L L L L L L L L O O L L O N L I [ O B B B

220 200 180 160 140 120 100 80 60 40 20 0 ppm

43



o
o
3
MR RNRDNNNNANANNNNNNNNNNNNNNNNNN A A AN S mH eSS mS oSS meA AT A A A A A AAAAAOD OO

ML

wry Al

3ig

L

ppm

10

12

2.28 1.42
1.12 2.51

1.15

3.42

3.42

6.02

44



o)W DML NN TOoOWO nn NNO M O o D
«© © ~ oo on o N O N NO DM w ~
o o> - MM~ Towm T o TMHOON =M N -
N o < 00 0 W N~ o oo T O D N o et =
T < NNNNN N~ oW ST O OOOM N -
- - e Ll)

OH

3ig

L.
‘
- L ) N ’ _ | » ] -
- ! - T
" NU—— ST I W RO eo— L AN w— ———— ..r.'wl),w SO - -
rl‘ll["ll'lrll||||||ll]'][lll|}]‘{llI,’|||V||||l[|(|||||||)F|I'll|||!7Vllll||||||‘|]||I|V(l|||||I|'T‘|||||;I‘l||]T||‘||||]T|

220 200 180 160 140 120 100 80 60 40 20 0 ppm

45



000°0-

T9T°

LPT”
219
9ST”
BST”
€9T°
297"
TLT°
Vet
(72 %
187"
2:1%9
981"
T6T"
P6T"
61"
s02°
Sbe-
[AZA
192"
292"
€L
9.2°
82"
l82°

4

I

3aa-d,

M

10

[ ——
3.16

0.99

-0.02

.04

2.01

46

CH;CD,0H (min 98 atom % D, from the Sigma-Aldrich Trading Co., Ltd.).
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