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1. General Information

All solvents were dried before use following the standard procedures. Unless oth-
erwise indicated, all starting materials purchased from commercial suppliers were
used without further purification. The *H and **C NMR spectra were recorded on
Bruker AV-400 MHz in the indicated solvents. Chemical shifts are reported in 6 (ppm)
referenced to an internal TMS standard for *H NMR and CDCl5 (5 = 77.10 ppm) for
3¢ NMR. Coupling constants (J) are quoted in Hz. IR spectra were recorded on Ni-
colet iN 10 MX. ESI mass spectra were recorded on Agilent 1200/G6100A. (BOP =
Benzotriazol-1-yloxytris(dimethylamino) phosphoniumhexafluorophosphate; DIPEA
= Ethyldiisopropylamine; DMAP = 4-Dimethylaminopyridine; MsCl = Methanesul-
fonyl chloride;

2. Ligand Preparation

2.1 General Procedurefor Preparation of TOlefOx Typel Ligands

2 OH /Vg/
/ 1) BOP, DIPEA,DCM/DMF, RT
MOH + HN, )BO c
(S)
R

0,1 N
n=01 O 2) MsCl, DMAP, Et;N, DCM, RT n=
4 5 TOlefOx Type | Ligands
5a (R = CH,Ph) L1 (n =0, R = CH,Ph)
5b (R = CHPhy) L2 (n= 1 R = GH.Ph)

L3 (n =1, R=CHPhy)

To a well-stirred solution of enoic acid 4™ (1 mmol) in DCM / DMF (20:3, 10
mL) was added the optically pure amino acohol 5 (1 mmol), BOP (1.2 mmol) and
DIPEA (2 mmol). The resulted solution was stirred overnight at room temperature.
Then the reaction mixture was diluted with water (30 mL) and extracted with DCM
(30 mL x 3). The combined organic phases were washed with brine (30 mL), dried
over anhydrous Na,SO, and concentrated under reduced pressure. The residue was
used in the next step without any further purification.

To awell-stirred solution of the previous residue, EtsN (8 mmol) and DMAP (0.1
mmol) in DCM (10 mL) was added MsCl (2.5 mmol) dropwise at 0°C. The resulting
solution was warmed to room temperature and stirred overnight. The reaction mixture
was quenched with water (30 mL) and extracted with DCM (30 mL x 3). The com-
bined organic phases were washed with brine (30 mL), dried over anhydrous Na,SO,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography using hexane / ethyl acetate eluent to afford the desired product
L1-L3.

[1] 2,2-Dimethylbut-3-enoic acid (4a, CAS 10276-09-2), 2,2-Dimethylpent-4-enoic acid (4b,
CAS 16386-93-9), and (S)-Phenylalaninol (5a, CAS 3182-95-4) were purchased from Alfa
Aesar. (9-Diphenylalaninol (5b, CAS 162118-01-6) was purchased from Oakwood Chem-
ical.
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(S)-4-Benzyl-2-(2-methylbut-3-en-2-yl)-4,5-dihydrooxazole (L 1)
) Yellow oil. 74% yield for two steps. [¢]p™>-56.8 (c 1.24
\}(ro CHCl3): *H NMR (400 MHz, CDCl3) & (ppm) 7.30-7.18 (m,
) 5H), 6.03-5.95 (m, 1H), 5.10-5.03 (m, 2H), 4.38-4.35 (m, 1H),
—pn  4.15-3.95 (m, 2H), 3.10 (dd, J = 13.6 Hz, J = 4.4 Hz, 1H),
2.68-2.61 (m, 1H), 1.30 (s, 3H), 1.29 (s, 3H); *C NMR (100
MHz, CDCls) & (ppm) 172.16, 143.27, 141.83, 129.02, 128.39, 126.66, 112.27,
70.80, 69.12, 56.03, 39.17, 25.22, 25.02; ESI-MS: [M+H]* 230.1; HRMS (ESI):
[M+H]A calcd for ClSHzoNOA 230.1539, found: 230.1545; IR (KBr) v (cm™): 2975,

1658, 1495, 1451, 1413, 1262, 1130, 982, 917, 742, 701.

(S)-4-Benzyl-2-(2-methylpent-4-en-2-yl)-4,5-dihydrooxazole (L 2)
Yellow oil. 94% yield for two steps. [¢]p™-19.0 (c 1.24
N(Wo CHCl3); 'H NMR (400 MHz, CDCl3) 6 (ppm) 7.32-7.18 (m,
/) 5H), 5.74-5.64 (m, 1H), 5.06-5.00 (m, 2H), 4.36-4.30 (m, 1H),
., —Ph 411(t,J=11.8Hz, 1H), 3.96 (dd, J= 11.2 Hz, J= 9.2 Hz, 1H),
3.10 (dd, J = 18.0 Hz, J = 6.0 Hz, 1H), 2.61 (dd, J = 18.0, 12.0
Hz, 1 H), 2.25 (d, J = 10.0 Hz, 2H), 1.18 (s, 3H), 1.16 (s, 3H); *C NMR (100 MHz,
CDCl3) & (ppm) 172.85, 137.62, 134.26, 129.26, 128.22, 126.23, 117.39, 71.14,
66.78, 44.74, 41.50, 36.26, 25.24, 25.22; ESI-MS: [M+H]* 244.1; HRMS (ESI):
[M+H] caled for CigHNOM 244.1696, found: 244.1701; IR (KBr) v (cm™): 2974,

2926, 1656, 1473, 1138, 983, 917, 752, 701.

(S)-4-Benzhydryl-2-(2-methylpent-4-en-2-yl)-4,5-dihydrooxazole (L 3)
5 Yellow oil. 62% yield for two steps. [a]p™>-69.7 (c 1.07
/\/%} CHCl3); *H NMR (400 MHz, CDCls3) § (ppm) 7.29-7.19 (m,
NS/ 10H), 5.69-5.57 (m, 1H), 5.02-4.96 (m, 2H), 4.89-4.81 (m, 1
s pr’ PP H), 4.29-4.23 (m, 1H), 4.08-3.99 (M, 2H), 2.19 (d, J = 9.6 Hz,
2H), 1.12 (s, 3H), 1.06 (s, 3H); **C NMR (100 MHz, CDCls) &
(ppm) 172.92, 141.90, 134.65, 129.09, 128.16, 126.54, 117.39, 70.57, 69.24, 56.25,
44.80, 36.38, 25.30, 25.26; ESI-MS; [M+H]" 320.2; HRMS (ESI): [M+H]" calcd for
CaoHosNO™ 320.2009, found: 320.2020; IR (KBr) v (cm™): 2972.4, 1657.6, 1599.9,

1494.8, 1354.8, 1214.0, 987.5, 914.5, 833.3, 700.5, 560.7
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2.2 General Procedurefor Preparation of TOlefOx Typell Ligands

RZ
2 A

(o} 2 A
R LiAIH, R (o] 1) BOP, DIPEA,DCM/DMF, RT_ R3"™\ G
S 3 c + *
R3WOH —>THF' 0°C R WOH RJKOH 2) MsCl, DMAP, Et;N, DCM, RT '\/\'r;/\

0
NH, NH, X
R1
6 7 8 Type 1l TOlefOx Ligands
6a (R2=H, R% = H) 8a (R' = CH,Ph) L4 (R" = CH,Ph, R*=H, R®= H)
6b (R?= H, R®=Ph) 8b (R' = CHPhy) = CHPh,, R?= H, R3=H)

L5 (R’
6c (R%= Me, R®=H) 8¢ (R' = CPhy) L6 (R" = CPhs, R>=H, R®=H)
8d (R'=Ph) L7 (R"=Ph, R%=H, R®=H)
L8 (R"= CH,Ph, R%=H, R®= Ph)
L9 (R! = CHPh,, R?= Me, R® = H)

To awell-stirred solution of the optically pure amino acid 64 (2 mmoal) in THF
(10 mL) under argon atmosphere was added LiAlH4 (2 mmol) in several portions at
0 °C and allowed to stir for 2 h. The resulting solution was warmed to room tempera-
ture and stirred for 36 h. The reaction mixture was quenched with 10% NaOH aque-
ous solution (30 mL) and extracted with ethyl acetate (30 mL x 3). The combined
organic phases were washed with brine (30 mL), dried over anhydrous Na,SO, and
concentrated under reduced pressure to afford the crude compound 7, which was used
in the next step without any further purification.

To awell-stirred solution of the crude compound 7 in DCM / DMF (20:3, 10 mL)
was added the carboxylic acid 8 (1 mmol), BOP (1.2 mmol) and DIPEA (2 mmal).
The resulted solution was stirred overnight at room temperature. Then the reaction
mixture was diluted with water (30 mL) and extracted with DCM (30 mL x 3). The
combined organic phases were washed with brine (30 mL), dried over anhydrous
NaSO, and concentrated under reduced pressure. The residue was used in the next
step without any further purification.

To awell-stirred solution of the previous residue, EtsN (8 mmol) and DMAP (0.1
mmol) in DCM (10 mL) was added MsCl (2.5 mmol) dropwise at 0°C. The resulting
solution was warmed to room temperature and stirred overnight. The reaction mixture
was quenched with water (30 mL) and extracted with DCM (30 mL X 3). The com-
bined organic phases were washed with brine (30 mL), dried over anhydrous NaxSO,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography using hexane / ethyl acetate eluent to afford the desired product
L4-L09.

(S)-4-Allyl-2-benzyl-4,5-dihydr ooxazole (L 4)
Colorless oil. 32% yield for three steps. [a]p>-2.3(c 0.56
S5 CHCl3); 'H NMR (400 MHz, CDCls) & (ppm) 7.34-7.23 (m,
va 5H), 5.81-5.70 (m, 1H), 5.12-5.06 (M, 2H), 4.27-4.14 (m, 2H),
Ph 391 (t, J = 7.2 Hz, 1H), 361 (s, 2H), 2.47-2.41 (m, 1H),
2.26-2.17 (m, 1 H); *C NMR (100 MHz, CDCl3) § (ppm)

[2] (9-2-Aminopent-4-enoic acid (6a, CAS 16338-48-0), (S-2-Amino-5-phenylpent-4-enoic
acid (6b, CAS 52161-76-9) were purchased from Aldrich. (S)-2-Amino-2-methylpent-4-
enoic acid (6¢, CAS 96886-55-4) was purchased from AlfaAesar.
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166.30, 135.27, 134.07, 128.96, 128.61, 127.01, 117.64, 71.93, 65.47, 39.81, 34.88;
ESI-MS: [M+Na” 224.1; HRMS (ESI): [M+H]" calcd for CisHigNO™ 202.1226,
found: 202.1228; IR (KBr) v (cm'™): 3296.0, 3064.9, 2923.4, 1662.9, 1543.8, 1362.9,
1247.6, 1164.3, 982.9, 918.4, 720.0

(S)-4-Allyl-2-benzhydryl-4,5-dihydrooxazole (L5)

Colorless oil. 57% yield for three steps. [¢]p>>-21.6 (c 0.74
% CHCl3); 'H NMR (400 MHz, CDCls3) § (ppm) 7.32-7.25 (m,
Ni 10H), 5.79-5.70 (m, 1H), 5.11-5.07 (m, 3H), 4.15-4.38 (m,
Ls o/ Ph 2H), 4.00-3.97 (M, 1H), 2.51-2.45 (m, 1H), 2.29-2.24 (m, 1H);
3C NMR (100 MHz, CDCls) 6 (ppm) 167.62, 139.35, 134.01,
128.64, 128.52, 127.13, 117.77, 71.88, 65.38, 51.04, 39.74; ESI-MS: [M+H]" 278.2;
HRMS (ESI): [M+H]* calcd for CioHaNO? 278.1539, found: 278.1544; IR (KBr) v
(cm™) 3062.6, 3028.2, 2967.4, 2924.7, 2896.3, 1659.8, 1601.2, 1495.1, 1452.5,

1376.3, 1356.8, 1129.4, 1078.2, 1031.9, 993.2, 918.4, 749.2, 699.0, 640.8

n T

Ry

;

(S)-4-Allyl-2-trityl-4,5-dihydrooxazole (L 6)
y Colorless oil. 56% vyield for three steps. [¢]p>-32.9 (c 0.93,
% CHCl3); '"H NMR (400 MHz, CDCls) & (ppm) 7.28-7.21 (m,
NX 15H), 5.81-5.71 (m, 1H), 5.12-5.07 (m, 2H), 4.34-4.26 (m,
s P on " 2H), 4.06 (t, J = 6.8 Hz, 1H), 2.53-2.49 (m, 1H), 2.32-2.25 (m,
1H); **C NMR (100 MHz, CDCl3) J (ppm) 169.71, 143.48,
134.10, 130.19, 127.60, 126.80, 117.75, 71.45, 6552, 61.43, 39.50; ESI-MS:
[M+H]* 354.3: HRMS (ESI): [M+H]"* calcd for CpsHaNO 354.1853, found:
354.1861; IR (KBr) v (cm™) 3087.2, 3050.4, 3030.6, 2916.9, 1643.7, 1597.1, 1490.4,
1443.2, 1309.9, 1213.1, 1189.3, 1155.9, 1034.6, 990.0, 913.4, 763.1, 746.5, 698.5,

635.7, 507.2.

(S)-4-Allyl-2-phenyl-4,5-dihydrooxazole (L 7)
Colorless oil. 63.3% yield for three steps. [a]p>-35.8 (¢ 0.53
5 CHCl3); *H NMR (400 MHz, CDCls) 6 (ppm) 7.94 (d, J = 8.0
< Hz, 2H), 7.49-7.38 (m, 3H), 5.88-5.77 (m, 1H), 5.16-5.10 (m,
L Ph 2H), 4.47-4.35 (m, 2H), 4.12-4.08 (m, 1H), 2.60-2.54 (m, 1H),
2.37-2.29 (m, 1H); *C NMR (100 MHz, CDCls) 6 (ppm)
163.91, 134.13, 131.33, 128.33, 128.28, 127.77, 117.72, 71.76, 65.96, 39.90;
ESI-MS: [M+H]* 188.1; HRMS (ESI): [M+H]* calcd for Ci,HiNO* 188.1070,
found: 188.1069; IR (KBr) v (cmY) 3071.2, 2917.2, 1649.3, 1579.6, 1449.9, 1357.1,

1081.7, 1025.2, 968.8, 780.7, 695.3.

o
(s

= s T

(S)-2-Benzyl-4-cinnamyl-4,5-dihydrooxazole (L 8)
Colorless oil. 32% yield for three steps. [a]p>-31.4 (c 0.60
PN, CHCls); 'H NMR (400 MHz, CDCls) & (ppm) 7.31-7.18 (m,
yL 10H), 6.44 (d, J = 16.0 Hz, 1H), 6.15-6.06 (m, 1H), 4.29-4.24
Ph

(m, 2H), 4.01-3.95 (m, 1H), 3.68-3.57 (M, 2H), 2.59-2.53 (m,

T

pd

L8
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1H), 2.64-2.39 (m, 1H); *C NMR (100 MHz, CDCls) ¢ (ppm) 166.51, 137.29,
135.27, 133.00, 128.97, 128.67, 128.55, 127.30, 127.03, 126.20, 125.43, 71.80,
65.74, 38.86, 34.93; ESI-MS: [M+Na]* 300.1; HRMS (ESI): [M+Na]* calcd for
CisH1oNNaO" 300.1359, found: 300.1358; IR (KBr) v (cm): 3290.6, 3028.0,
2924.5, 1734.1, 1652.2, 1541.1, 1454.7, 1362.0, 1260.0, 1148.3, 1073.0, 967.6,
802.9, 745.0, 725.5, 694.0.

(S)-4-Allyl-2-benzhydryl-4-methyl-4,5-dihydr ooxazole (L 9)
] Colorless oil. 57% vyield for three steps. [a]p>>-6.5 (c 0.87,
S CHCls); 'H NMR (400 MHz, CDCls) J (ppm) 7.31-7.26 (m,
"X on  10H), 574-564 (m, 1H), 5.11-5.05 (m, 3H), 4.11 (d, J = 8.4
Z“ Hz, 1H), 3.85 (d, J = 8.4 Hz, 1H), 2.32 (m, 2H), 1.30 (s, 3H);
3C NMR (100 MHz, CDCl3) § (ppm) 166.11, 139.39, 133.64,
128.69, 128.50, 127.10, 118.58, 76.75, 69.69, 51.00, 45.26, 26.94; ESI-MS; [M+H]*
292.2: HRMS (ESI): [M+H]* calcd for CooHzNOM 292.1695, found: 292.1700; IR
(KBr) v (cm™): 3062.6, 2967.4, 1659.8, 1601.2, 1495.1, 1452.5, 1376.3, 1129.4,

993.2, 918.4, 749.2, 699.0, 640.8.

L

2.3 Preparation Of L10

_Ph
Ph._ O ) A
S A LiAIH, 1) BOP, DIPEA,DCM/DMF, RT ®

_Ph 0

DM LAH, QNG Phj)J\ o
® O THF, 20°C N oH OH "5 MsCI, DMAP, Et;N, DCM, RT Nx

NH NH, Ph Ph

2

PH
6d 7d 8b L10

The preparation of compound 6d followed the procedure of Rodney and
coworkers®, The preparation of L 10 followed the general procedure for preparation
of TOlefOx type Il ligands.

(R)-4-Allyl-2-benzhydryl-4-benzyl-4,5-dihydrooxazole (L10) Colorless ail.
73% vyield for three steps. [a]p™+26.9 (c 1.21, CHCls); *H NMR (400 MHz, CDCl3)
o(ppm) 7.27-7.05 (m, 15H), 5.76-5.66 (m, 1H), 5.11 (d, J = 6.4 Hz, 1H), 5.07 (s, 1
H), 5.03 (s, 1 H), 4.09 (d, J= 8.4 Hz, 1H), 4.02, (d, J = 8.4 Hz, 1H), 3.02 (d, J = 13.6
Hz, 1H), 2.76 (d, J = 13.6 Hz, 1H), 2.49 (dd, J = 13.6 Hz, J = 6.8 Hz, 1H), 2.32 (dd,
J=13.6 Hz, J = 6.8 Hz, 1H); **C NMR (100 MHz, CDCl5)  (ppm) 166.66, 139.34,
139.13, 136.67, 133.41, 130.92, 128.78, 128.61, 128.37, 128.36, 128.09, 127.00,
126.90, 126.47, 119.01, 73.22, 73.10, 51.03, 45.16, 44.78; ESI-MS: [M+H]A 368.2;
HRMS (ESI): [M+H]A calcd for CzeHze,NOA 368.2009, found: 368.2007; IR (KBr) v
(cm™): 3061.3, 3027.6, 2976.9, 1660.4, 1601.6, 1494.9, 1452.7, 1363.2, 1181.8,
1031.3, 992.6, 918.2, 749.6, 700.1.

[3] Krigting, D.; Giuseppe, F. P; Suresh K. G.; Ram K. M. and Rodney L. J. J. Med. Chem.
2003, 46, 727-733.
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2.4 Preparation of L11

0% O~
N\ z
\/\|/\ MeOH A W\OH Phj)J\OH ) BOP, DIPEA,DCM/DMF, RT
Boc N\/ HCI(2M),overnight (S) 2) MsCl, DMAP, Et;N, DCM, RT
oC
tBu
9 7e 8b
Ph
O O~ Ph.] OH Ph_Ph

= . SN B

: Et,SiH, AICI :

W\ QMQBr - . \/@/\o ; (R) [o}
\S\ THF,RT N= DCM, RT Nj\

\S\Ph Ph

Ph PH Ph
10 11 L1

The preparation of compound 9 followed the procedure of Koskinen and
coworkers®,

(S)-Methyl 4-allyl-2-benzhydryl-4,5-dihydrooxazole-4-carboxylate (10) To a
well-stirred solution of compound 9 (8.5 mmol) in MeOH (40 mL) under argon at-
mosphere was added HCI (2M, 16 mL) dropwise in an hour at room temperature. The
resulting solution was allowed to stir overnight at room temperature. Then the reac-
tion mixture was quenched with saturated NaHCO3(50 mL) and evaporated the sol-
vent MeOH in vacuo, then extracted with ethyl acetate (50 mL x 3), dried over an-
hydrous N&,SO, and concentrated under reduced pressure to afford the crude com-
pound 7e. The residue was used in the next step without any further purification. The
preparation of 10 followed the general procedure for preparation of TOlefOx type |
ligands to afford the desired product 10 as white solid, 29% yield for three steps. m.p.
57-58°C; [a]p®-10.6 (c 0.59, CHCl3); *H NMR (400 MHz, CDCls) J (ppm)
7.32-7.26 (m, 10H), 5.64-5.54 (m, 1H), 5.21 (s, 1H), 5.14-5.07 (m, 2H), 4.62 (d, J =
9.2 Hz, 1H), 4.19 (d, J = 9.2 Hz, 1H), 3.78 (s, 3H), 2.65-2.55 (m, 2H); **C NMR (100
MHz, CDCl3) o (ppm) 172.91, 169.03, 138.88, 131.48, 128.69, 128.54, 127.24,
119.98, 76.93, 73.35, 52.76, 50.93, 41.98; ESI-MS: [M+H]A 336.2; HRMS (ESI):
[M+Na]A calcd for CpH2NO3™ 336.1600, found: 336.1601; IR (KBr) v (cm™): 1737.8,
1649.0, 1495.9, 1290.6, 1216.8, 1141.3, 976.2, 919.6, 748.9, 727.4, 703.3, 644.8.

(R)-4-Allyl-2,4-dibenzhydryl-4,5-dihydrooxazole (L11) To a well-stirred
solution of compound 10 (1 mmol) in THF (10 mL) under argon atmosphere was
added phenylmagnesium bromide (3.0 M solution in diethyl ether, 1 mL, 3.0 mmol)
and allowed to stir for 10 min at room temperature. Then the reaction mixture was
quenched with saturated NH4Cl solution (50 mL) extracted with ethyl acetate (50 mL
x 3). The combined organic phases were washed with brine (20 mL), dried over
anhydrous NaSO, and concentrated under reduced pressure to afford the crude
compound 11. To awell-stirred solution of the previous crude compound 11 in THF
(10 mL) under argon atmosphere was added Et;SiH (30 mmol) and AICl3 (1.5 mmol)

[4] Brunner, M.; Saarenketo, P.; Straub, T.; Rissanen, K. and Koskinen, A. M. P. Eur. J. Org.

Chem. 2004, 3879- 3883.
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at room temperature and stirred overnight. Then the reaction mixture was quenched
with saturated NH4Cl solution (50 mL) extracted with ethyl acetate (50 mL X 3).
The combined organic phases were washed with brine (20 mL), dried over anhy-
drous N&,SO, and concentrated under reduced pressure. The residue was purified by
flash column chromatography using hexane / ethyl acetate (30:1) eluent to afford the
desired product L11 as colorless oil, 93% yield for two steps. [a]p>+63.6 (c 0.95
CHCl3); *H NMR (400 MHz, CDCl3) 6 (ppm) 7.51 (d, J = 7.2 Hz, 2H), 7.28-7.07 (m,
18H), 5.69-5.58 (m, 1H), 5.07-4.92 (m, 3H), 4.27 (d, J = 8.4 Hz, 1H), 419 (d, J =
8.4 Hz, 1H), 4.10 (s, 1H), 2.41-2.33 (m, 2H); *C NMR (100 MHz, CDCl3) & (ppm)
166.72, 141.40, 140.67, 139.64, 139.29, 133.45, 130.20, 128.98, 128.78, 128.41,
128.24, 127.04, 126.93, 126.54, 119.08, 76.14, 73.19, 59.81, 51.24, 44.34; ESI-MS.
[M+H]* 444.3; HRMS (ESI): [M+Na]* calcd for CaHasNNaO™ 466.2141, found:
466.2138; IR (KBr) v (cm™): 3405.6, 3286.1, 2959.0, 2872.0, 1632.8, 1548.9, 1466.1,
1370.1, 1042.5, 917.0, 842.2, 746.1, 558.8.

3 General Procedure of Rh-Catalyzed Conjugate Addition

o 2.5 mol%[Rh(C5H,4),Cll, lo)
5.5mol% L
+ ArB(OH),
2.0 equiv toluene/H,O(10/1) *
n Base, RT n Ar
la(n=1) 2 3
1b (n=0)

A dried Schlenk flask was charged with [Rh(C,H4).Cl]. (5 mol% Rh), L (10
mol %), arylboronic acid 2 (0.4 mmol) in toluene / H,O (1mL / 0.1mL), the reaction
mixture was stirred at room temperature for 15 min under argon atmosphere. Then
the base (30 mol%) and enone 1 (0.2 mmol) were added and allowed to stir at room
temperature. After the reaction was finished tracked by TLC, the reaction mixture
was guenched with saturated aqueous NH4Cl (5 mL) and extracted with ethyl acetate
(5 mL x 3). The organic phase was washed with brine, dried over anhydrous NaxSO,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography using hexane / ethyl acetate eluent to afford the desired product 3.

(R)-3-Phenylcyclohexanone (3aa)™®
o 33.6 mg, 97% yield. [o]p** +18.4 (c 1.00, CHCl3) for 95% ee;
[lit.: [0]p**~19.5 (c 0.95, CHCl5) for 93% ee in the S-isomer].
'H NMR (400 MHz, CDCls) ¢ (ppm) 7.24 (t, J = 7.6Hz, 2H),
sn © 7.16-7.11 (m, 3H), 2.95-2.88 (m, 1H), 2.53-2.24 (m, 4H),
2.07-1.95 (m, 2H), 1.80-1.65 (m, 2H); HPLC: Chiracel OD-H
Column (250 mm), detected at 214 nm, n-hexane / i-propanol = 99/1, flow = 0.7
mL/min; Retention time: 15.3 min ((§-3aa), 17.0 min((R)-3aa).

[5] Feng, C.-G.; Wang, Z.-Q; Shao, C.; Xu, M.-H.; Lin, G.-Q. Org. lett. 2008, 10, 4101
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{min) Time [min]
Signal DAD1 A, Sig=214,2 Ref=off Signal DAD1 A, Sig=214,2 Ref=off
RT(min] _ |Width (min] _|Avea [mAU'S) |Height (mAU] |Area% o0 valuo% RT(min] _|Width (min] | Area [mAU'S] |Height (mAU] |Area% o0 valuo%
15770 |04d1 725.139 25886 495561 RAC 15287 0.309 61683 313 24399 95120
17501 0486 736.130 23270 504439 17007 0465 3274040 107606 97,5601

(R)-3-(4-M ethoxyphenyl)cyclohexanone (3ab)™

o 28.8mg, 71% vield. [a]p**+11.4 (c 1.35, CHCI3) for 96% ee.
‘ [lit.: [0]o™~14.2 (c 1.02, CHCl3) for 92% ee in the S-isomer].
'H NMR (400 MHz, CDCl3) d (ppm) 7.14 (d, J = 8.4 Hz, 2H),
©\0Me 6.87 (d, J = 8.4 Hz, 2H), 3.81 (s, 3H), 3.10-2.90 (m, 1H),
2.60-2.33 (m, 4H), 2.21-2.00 (m, 2H), 1.88-1.70 (m, 2H);
HPLC: Chiracel AD-H Column (250 mm), detected at 214 nm, n-hexane / i-propanol
= 95/5, flow = 0.6 mL/min; Retention time: 14.4 min ((S)-3ab), 15.1 min ((R)-3ab).

3ab

x10 x10 2
12 s
1 45
1 4
0 I l
08 i Il 22 |
% 07 |\ I\ g 3 Il
06+ Il I 25 I
os I I 2 I
04 | 15 I
03 [ 1 I
: i L
0.1 \ 05
o L \J 0 Y S ¥
o 1 2 3 4 L) 6 7 8 9 10 " 12 7 14 15 16 17 o 1 2 3 4 5 6 7 8 9 10 " 12 13 1" 15 16 17
Time [min] Time [min]
Signal: DAD1 A, Sig=214,4 Ref=off Signal: DAD1 A, Sig=214,4 Ref=off
RT(min]  |Width [min] | Area [mAU"S] [Height [mAU] [Area% ee value% RT[min]  |Width [min] |Area [mAU'S] [Height (nAU] [Area% ee value%
14.801 0.256 15180552 914.355 49.9165 RAC 14471 0227 138.044 9.537 22347 955
15718 0.272 15240391 |862.557 50.0835 15.113 0.250 6039.228 374.743 97.7653

(R)-3-(p-Tolyl)cyclohexanone (3ac)™

° 34.1 mg, 91% vield. [o]p** +13.1 (c 1.72, CHCl3) for 96 % ee;
[lit.: [a]p®-15.0 (c 1.09, CHCI3) for 94% ee in the S-isome].
'H NMR (400 MHz, CDCl3) ¢ (ppm) 7.15-7.10(m, 4H),
@L 3.00-2.94 (m, 1H), 2.60-2.36 (m, 4H), 2.33 (s, 3H), 2.17-2.04
(m, 2H), 1.88-1.74 (m, 2H); HPLC: Chiracel AD-H Column
(250 mm), detected at 214 nm, n-hexane / i-propanol = 95/5, flow = 0.6 mL/min;

Retention time: 8.0 min ((§-3ac), 8.7 min ((R)-3ac).

3ac

x10 x10
325
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25
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- 0~ x J\
0 05 1 16 2 25 3 35 4 45 6 65 6 65 7 75 8 85 9 95 0 v
Time (min) 0 05 1 15 2 25 3 35 4 45 6 65 6 65 7 75 8 85 9 9
Time (min)
Signal: DAD1 A, Sig=214,4 Ref=off N
~ : Signal: __DAD1 A, Sig=214.4 Ref=off
RT(min]  [Width [min]  [Area (mAU'S) [Height (mAU] [Area% ee
value% RT [min]  |Width [min]  |Area [nAU'S] [Height [mAU] [Area% e value%
7.956 0.196 28512.941 2345253 49.2969 RAC 7.979 0.128 217.120 26.432 20572 95.886
8.700 0.204 29326.234 2305.560 50.7031 8.696 0.163 10336.943 1057.866 97.9428
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(R)-3-(4-(tert-Butyl)phenyl)cyclohexanone (3ad)!®

o 36.6 mg, 80% vyield. [a]p** +10.1 (c 1.73, CHCI3) for 95% ee;
‘ [lit.: [a]p?°-9.9 (c 0.9, CHCI5) for 83% eein the S-isomer]. *H
NMR (400 MHz, CDCl3) ¢ (ppm) 7.35 (d, J = 8.4 Hz, 2H),
©\t-3u 7.15 (d, J = 84 Hz, 2H), 3.02-2.95 (m, 1H), 2.62-2.33 (m,
4H), 2.17-2.07 (m, 2H), 1.89-1.74 (m, 2H), 1.31 (s, 9H);
HPLC: Chiracel AS-H Column (250 mm), detected at 214 nm, n-hexane / i-propanol

=98/2, flow = 0.6 mL/min; Retention time: 12.4 min ((§-3ad), 15.5 min ((R)-3ad).

3ad

8
7
35
6 1 T
f 3 \
s I i
H l E] I
: \ R [
3 (l I\ [
\ A \
2 ‘ | “ \ “ ““
1 | |\
0 . - AN ) ~——— X | N
1" 16 17 1
Time (min) {min]
Signal: __DAD1 A, Sig=210.4 Ref=off Signal: __DAD1 A, Sig=210.4 Ref=off
RT[min]  |Width [min]  |Area [mAU'S] |Height (mAU] |Area% ee value% RT[min]  |Width[min]  |Area [mAU'S] [Height [mAU) |Area% [ee valu
12.329 0.301 11564.500 593.334 50.0458 0.092 12.427 0.291 228.077 11.918 2.3481 95.304
15.483 0.466 11543.352 385.261 49.9542 15.548 0.453 9485.258 326.349 97.6519

(R)-3-(4-Chlorophenyl)cyclohexanone (3ae)!®
o 36.4 mg, 87% vyield. [o]p?* +8.1 (c 1.75, CHCl5) for 94% ee;
[lit.: [a]p®°~7.3 (c 1.0, CHCl5) for 90% ee in the S-isomer]. *H
NMR (400 MHz, CDCl3) ¢ (ppm) 7.30 (d, J = 8.4 Hz, 2H),
sa0 @LCI 7.15 (d, J = 84 Hz, 2H), 3.03-2.95 (m, 1H), 2.60-2.33 (m,
4H), 2.17-2.12 (m, 1H), 2.08-2.05 (m, 1H), 1.87-1.75 (m, 2H);
HPLC:. Chiracel AD-H Column, (250 mm), detected at 214 nm, n-hexane /
i-propanol = 95/5, flow = 0.8 mL/min; Retention time: 9.0 min ((S-3ae), 9.6 min

((R)-3ae).

x10 ¢ x10
7 7
6 6
5 ’ 5 I
Y 2
4
. I i |
: I : [
i : “,
1 i | | ‘ \
0 A JU\ 0 A x|
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 0 1 2 3 4 65 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 2
Time [min] Time [min]
Signal: __DAD1 A, Sig=214,4 Ref=off Signal: __ DAD1 A, Sig=214,4 Ref=off
RT [min) Width [min] Area [MAU*S] [Height [mAU) |Area% ee value% RT [min] Width [min) Area [mAU'S] |Height [nAU] |Area% ee value%
9.046 0.162 5555.166 533.208 534233 RAC 9.055 0.189 200.427 16.773 3.2206 93.559
9.618 0.165 4843.225 451.287 46.5767 9.593 0.164 6022.946 565.580 96.7794

(R)-3-(4-(Trifluoromethyl)phenyl)cyclohexanone (3af)!™
0 37.7mg, 79 % yield. [o]p?* +14.6 (c 1.30, CHCl5) for 95% ee;
‘ [lit.: [o]o™-11.4 (c 0.95, CHCI3) for 95% ee in the S-isomer].
'H NMR (400 MHz, CDCl3) ¢ (ppm) 7.59 (d, J = 8.4 Hz, 2H),
@CF3 7.33 (d, J = 8.4 Hz, 2H), 3.15-3.02 (m, 1H), 2.65-2.30 (m,
4H), 2.25-2.04 (m, 2H), 1.99-1.80 (m, 2H); HPLC: Chiracel
AS-H Column (250 mm), detected at 214 nm, n-hexane / i-propanol = 90/10, flow =

3af

[6] Xue, F; Li, X.-C. and Wan, B.-S. J. Org. Chem. 2011, 76, 7256.
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0.7 mL/min; Retention time: 10.6 min ((R)-3af), 11.3 min ((S)-3af).

x10

x10 3
35
3 09
25 08 ]
| 5 07 ft
2 2 N I % os |
: 15 ‘ | |I | [\ 08 ‘ “
Il o I
‘ ‘ (11 03 [l
\ I & I
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|
. J U JAVAN 0 ~
6 1 2 3 4 6 6 7 8 5 10 1 2 ® 10 2 : 0 1 2 3 4 6 6 7 8 9 1 11 12 13 14 16 16 17 18 19
Time [min] Time [min]
Signal DAD1 A, Sig=214,4 Ref=off Signal: DAD1 A, Sig=214,4 Ref=off
RT [min)  [Width [min]  |Area [mAU*S] [Height (mAU] |Area% ee value% RT[min]  [Width [min)  |Area [mAU'S] [Height (mAU) [Area% ee value%
11.768 0.376 50478.289 2091.914 51.0960 RAC 10.635 0.304 15063.067 825.685 97.7048 95.410
12.725 0.359 48312816 [2146.366 48.9040 11.269 0.168 353.854 35.126 22952

(R)-3-(3-M ethoxyphenyl)cyclohexanone (3ag) ™
o 31.9 mg, 78% vyield. [a]p**+12.8 (c 1.41, CHCI3) for 93% eg; [lit.:
‘ [0]p?>~13.0 (c 1.06, CHCI3) for 93% ee in the S-isomer]. *H
ove NMR (400 MHz, CDCl3) 6 (ppm) 7.26-7.22 (m, 1H), 6.82-6.76
@ (m, 3H), 3.80 (s, 3H), 3.00-2.94 (m, 1H), 2.56-2.36 (m, 4H),
2.16-2.06 (m, 2H), 1.94-1.70 (m, 2H); HPLC: Chiracel AD-H
Column (250 mm), detected at 214 nm, n-hexane / i-propanol = 90/10, flow = 0.7
mL/min; Retention time: 9.6 min ((§-3ag), 10.1 min ((R)-3ag).

3ag
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Time [min] Time [min]
Signal: DAD1 A, Sig=214,4 Ref=off Signal: DAD1 A, Sig=214,4 Ref=off
RT [min] Width [min]  |Area [mAU*S] [Height [mAU) |Area% ee value% RT [min] Width [min]  [Area [mAU"S] |Height [mAU] |Area% ee value%
9515 0.170 1504.089 136.773 49,6064 RAC 9.604 0.221 201.873 12.880 3.3945 93211
9.962 0.171 1527.960 137.685 50.3936 10.146 0.173 5745.244 510.683 96.6055

(R)-3-(m-Tolyl)cyclohexanone (3ah) ™
o 36.9 mg, 98% yield. [a]p**+15.5 (¢ 1.79, CHCI3) for 95% ee; [lit.:
‘ [a]p?~17.5 (c 1.12, CHCl3) for 94% ee in the S-isomer]. H
Me NMR (400 MHz, CDCl3) 6 (ppm) 7.18-7.11 (m, 1H), 7.01-6.92
@ (m, 3H), 2.95-2.84 (m, 1H), 2.52-2.28 (m, 4H), 2.28(s, 3H),
2.14-1.95 (m, 2H), 1.85-1.61 (m, 2H); HPLC: Chiracel OD-H
Column (250 mm), detected at 214 nm, n-hexane / i-propanol = 90/10, flow = 0.7
mL/min; Retention time: 8.5 min ((§-3ah), 9.5 min ((R)-3ah).

3ah
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9 9 " Signal: DAD1 A, Sig=214,4 Ref=off
RT [min] Width [min]  |Area [mAU*S] [Height [mAU] |Area% ee
value% RT [min] Width [min] Area [mAU'S] [Height [mAU] |Area% ee value%
8.523 0.212 19704.742 1418.466 49.5552 RAC 8.526 0.258 495.196 31.977 2.5071 94.986
9.552 0.245 20058.496 1234.481 50.4448 9.531 0.243 19256.439 1189.541 97.4929
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(R)-3-(3-Chlorophenyl)cyclohexanone (3ai)®

o 35.0 mg, 84% vield. [o]p> +8.3 (c 1.18, CHCl3) for 93% ee.
[lit.: [0]o>-10.1 (c 1.05, CHCl3) for 94% ee in the S-isomer].
ol 'H NMR (400 MHz, CDCls) ¢ (ppm) 7.28-7.21 (m, 3H), 7.09
@ (d, J = 7.2 Hz, 1H), 3.02-2.95 (m, 1H), 2.61-2.33 (m, 4H),
2.18-2.09 (m, 2H), 1.88-1.72 (m, 2H); HPLC: Chiracel AD-H
Column (250 mm), detected at 214 nm, n-hexane / i-propanol = 90/10, flow = 0.7

mL/min; Retention time: 7.8 min ((S)-3ai), 8.4 min ((R)-3ai).

3ai
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Time [min] Time [min]
Signal DAD1 A, Sig=214,4 Ref=off Signal: DAD1 A, Sig=214,4 Ref=off
RT [min] Width [min] Area [mAU*S] |Height [mAU] |Area% ee value% RT [min] Width [min] Area [mAU'S] [Height [mAU] |Area% ee value%
7.761 0.258 37483530  [2417.237 48.1094 RAC 7.777 0.137 260.868 29.092 33071 93.386
8.404 0.280 40420543 |2409.860 51.8906 8.422 0.143 7627.288 814.104 96.6929

(R)-3-(0-Tolyl)cyclohexanone (33 )!®
o 37.4 mg, 99% yield. [o]p** +29.3 (¢ 1.84, CHCl3) for 90% ee.
‘ Ve [lit.: [a]p*°~32.6 (c 1.0, CHCIl3) for 90% ee in the S-isomer].
@ 'H NMR (400 MHz, CDCl3): 6 (ppm) 7.25-7.20 (m, 2H),
i 7.19-7.13 (m, 2H), 3.25-3.16 (m, 1H), 2.52-2.50 (m, 2H),
2.47-2.38 (m, 2H), 2.32 (s, 3H), 2.20-2.15 (m, 1H), 2.02-2.00
(m, 1H), 1.89-1.76 (m, 2H); HPLC: Chiracel AD-H Column (250 mm); detected at
214 nm,n-hexane / i-propanol = 90/10, flow = 0.7 mL/min; Retention time: 6.6 min

((9-34)), 7.4 min ((R)-3&)).
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0 1 2 3 4 6 6 7 8 9 1011 12 13 14 16 16 17 18 19 20 21 22 23 24 26 26 Q5678910 14 16 16 17 18 19 20 % 2%
Time [min] Time [min]
Signal DAD1 A, Sig=214,4 Ref=off Signal DAD1 A, Sig=214,4 Ref=off
RT [min] Width [min) Area [NAU*S] [Height [mAU] [Area% ee value% RT [min] Width [min]  |Area [mAU"S] |Height [mAU] |Area% ee value%
6.636 0.143 5106.898 594.834 49.3935 RAC 6.643 0.129 919,676 119.170 4.6302 90.740
7.434 0.160 5232.304 543.588 50.6065 7.442 0.181 18942680  |1743.891 95.3698

(R)-3-Phenylcyclopentanone (3ba) !
19.4 mg, 61% yield. [o]p? +35.7 (¢ 0.40, CHCls) for 94% ee.

A [lit.: [a]p®®~92 (c 0.82, CHCI3) for 97% ee in the S-isomer].
bw 'H NMR (400 MHz, CDCls): ¢ (ppm) 7.36-7.33 (m, 2H),
@ 7.26-7.29 (m, 3H), 3.47-3.38 (m, 1H), 2.67(dd, J = 18.0 Hz, J

3ba

= 7.6 Hz, 1H), 250-2.41 (m, 2H), 2.35-2.28 (m, 2H),
2.05-1.94 (m, 1H); HPLC: Chiracedl AS-H Column (250 mm); detected at 214 nm;

[7] Takaya, Y.; Ogasawara, M. and Hayashi, T.; J. Am. Chem. Soc. 1998, 120, 5579
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n-hexane / i-propanol = 98/2; flow = 0.7 mL/min; Retention time: 16.8 min
((R)-3ba), 17.9 min ((§-3ba).
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0 1 2 3 4 6 6 7 6 6 1011 12 13 14 16 16 17 18 16 20 21 22 23 24 26 : 0 1 2 3 4 6 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time [min] Time [min]
Signal DAD1 A, Sig=210,4 Ref=off Signal DAD1 A, Sig=210,4 Ref=off
RT [min] Width [min] Area [MAU'S] |Height [mAU] |Area% ee value% RT [min] Width [min] Area [nAU"S] |Height [nAU] |Area% ee value%
16.925 0.318 1820.762 88.689 50.1615 RAC 16.849 0.343 15072.535 684.762 96.8592 93.718
17.910 0.345 1809.035 80.137 49,8385 17.939 0.343 488.745 22.001 3.1408

(R)-3-(4-(Trifluoromethyl)phenyl)cyclopentanone (3bf) !
o 31.5 mg, 69% yield. [o]p** +52.6 (¢ 1.58, CHCl3) for 94% ee.
2] [lit.: [o]p**-52.1 (c 1.36, CHCI3) for 94% ee in the S-isomer].
o 'H NMR (400 MHz, CDCls): 6 (ppm) 7.60 (d, J = 8.0 Hz, 2H),
@LCF3 7.37 (d, J = 8.0 Hz, 2H), 3.53-3.44 (m, 1H), 2.70 (dd, J = 18.0
Hz, J = 7.6 Hz, 1H), 2.52-2.45 (m, 2H), 2.38-2.28 (m, 2H),
2.06-1.85 (m, 1H). HPLC: Chiracel OB-H Column (250 mm); detected at 214 nm;
n-hexane / i-propanol = 90/10; flow = 0.7 mL/min; Retention time: 10.7 min
((R)-3bf), 12.2 min ((S)-3bf).

3bf

x10 3 x10
24 13
22 : 3
2 1
18 Y
09
3 ¢ 7 I ¥ 5 98 I|‘
2 e . 2 o7 “
2 [ 0s \
! P 05 It
08 .l 04
06 \ I 03 \
04 RO \ 02 |
02 1\ \ Ly A
0 0
0 ” 12 13 15
Time [min] Time [min)
Signal DAD1 A, Sig=214,4 Ref=off Signal DAD1 A, Sig=214,4 Ref=off
RT[min]  |Width [min] _|Area [mAU'S] |Height [mAU] |Area% ee value% RT [min)  [Width [min] Area [mAU'S] [Height [mAU] |Area% ee valuet
10.498 0.253 20540668  [1764.045  |49.5036 RAC 10.757 0.253 14000456 |922.796 97.1062 94212
11.736 0323 30133076 |1555231  |50.4964 12.155 0432 417217 16.092 28938

4. X-Ray Single Crystal Structure Of [Rh(L 10)(acac)] And
[Rh(L 11)(acac)]

4.1 Preparation of [Rh(L 10)(acac)] and [Rh(L 11)(acac)]

To asmall vessdl was added [Rh(CzH4)2(acac)] (10 mg, 0.04 mmol), L10/L 11
(0.056 mmoal, 1.4 equiv) and 1,4-dioxane (0.1 mL). The small vessdl was placed in a
sealed bottle, which was charged with n-pentane (5 mL). After the solvent exchange
of 1,4-dioxane and n-pentane for 4 days, the red-brown crystals were obtained.

4.2 X-Ray Single Crystal Structure Of [Rh(L 10)(acac)]
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CCDC 1448857 for [Rh(L 10)(acac)]

Identification code
Empirical formula
Formulaweight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z
Density (calculated)

Absorption coefficient
F(000)
Crystal size

Thetarange for data collection
Index ranges

-10<=k<=12, -40<=1<=40
Reflections collected
Independent reflections
Completenessto theta = 25.242°
Absorption correction
Max. and min. transmission

Refinement method

Data/ restraints / parameters

Goodness-of-fit on F2

Final R indices[I1>2sigma(l)]
Rindices (al data)
Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

cd214540

C31H32N O3 Rh

569.48

293(2) K

0.71073 A

Orthorhombic

P212121

a=9.7915(7) A =90°.
b =10.0496(6) A =90°.
c=33.148(2) A =90°.

3261.8(4) A3
4

1.160 Mg/m3

0.550 mm-1
1176

0.211 x 0.154 x 0.086 mm3

2.118 to0 25.994°.
-12<=h<=11,

19903

6411 [R(int) = 0.0428]

100.0 %

Semi-empirical from egalents
0.7457 and 0.6123

Full-matrix |east-squares on F2
6411/0/ 327

1.021

R1=0.0419, wR2 = 0.0963
R1 =0.0499, wR2 = 0.1004
0.011(18)

n/a

0.516 and -0.401 e.A-3
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4.3 X-Ray Single Crystal Structure Of [Rh(L 11)(acac)]
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CCDC 1448858 for [Rh(L 11)(acac)]

Identification code
Empirical formula
Formulaweight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calcul ated)

Absorption coefficient
F(000)
Crystal size

Thetarange for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.000°
Absorption correction

Max. and min. transmission

Refinement method

Data/ restraints / parameters

Goodness-of-fit on F2

Final R indices[1>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

mo_dm15248 Om

C37 H36 N O3 Rh

645.58

130K

0.71073 A

Orthorhombic

P212121

a=10.8993(7) A = 90°.
b=13.2135(8) A = 90°.
c=21.2588(13) A =90°.

3061.6(3) A3
4
1.401 Mg/m3

0.595 mm-1
1336

0.2x 0.18 x 0.15 mm3
1.815 to 30.529°.

-15<=h<=15, -18<=k<=18, -28<=I<=30

31142

9356 [R(int) = 0.0373]

100.0 %

Semi-empirical from egalents
0.7461 and 0.6898

Full-matrix |east-squares on F2
9356/0/ 381

1.018

R1 = 0.0300, wR2 = 0.0607
R1 = 0.0347, wR2 = 0.0626
-0.010(10)

n/a

0.479 and -0.467 e.A-3
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5.'H NMR,"*CNMR Copies
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