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General Remarks: 'H NMR spectra were recorded on a Bruker AM-300 or AM-400 spectrometer
for solution in CDCI3 with tetramethylsilane (TMS) as internal standard; J-values are in Hz. Mass
spectra were recorded with a HP-5989 instrument. All of the compounds reported in this paper gave
satisfactory HRMS analytic data. Melting points were determined on a digital melting point
apparatus and temperatures were uncorrected. Optical rotations were determined at 589 nm (sodium
D line) by using a Perkin-Elmer-341 MC digital polarimeter; [a]p-values are given in unit of 10
deg’ cm® g'. Infrared spectra were recorded on a Perkin-Elmer PE-983 spectrometer with
absorption in cm™. Chiral HPLC was performed on a SHIMADZU SPD-10A vp series with chiral
columns (Chiralpak AD-H, IC-H columns 4.6 x 250 mm, (Daicel Chemical Ind., Ltd.)). THF,
toluene and Et,O were distilled from sodium (Na) under argon (Ar) atmosphere. CH;CN,
1,2-dichloroethane and dichloromethane were distilled from CaH, under argon (Ar)
atmosphere.Commercially obtained reagents were used without further purification. All reactions
were monitored by TLC with Huanghai GF254 silica gel coated plates. Flash column
chromatography was carried out using 300-400 mesh silica gel at increased pressure. All the

oxazolones were prepared according to the literature.!"

Reaction Procedure for the Preparation of Catalysts: Reaction procedure for the preparation of

(R)-1-argio-3-(2’-(diargiophosphino)-1,1’-binaphthyl-2-yl)thiourea.
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L1: X = S; AI’1 = 3,5-(CH3)2C6H3; Ar= C6H5

L2: X = S; Ar' = 3,5-(CH3),CgH3;  Ar= CH,CgH5

L3: X = O; Ar' = CgHg; Ar= CgHs

L4: X = S; Ar' = 3,5-(CH3)2CgH3;  Ar= 3,5-(CF3)2CeH3
L6: X = S, Ar1 = 3,5'(CH30)2C6H3; Ar = CH206H5

Compound 1: This is a known compound.” [a]*’p = -33.0 (¢ 1.0, CHCl;). '"H NMR (400 MHz,
CDCl3, TMS): 8 7.97-8.06 (3H, m, Ar-H), 7.89 (1H, d, J = 8.0 Hz, Ar-H), 7.63 (1H, d, J = 8.8 Hz,
Ar-H), 7.58-7.52 (2H, m, Ar-H), 7.38-7.34 (3H, m, Ar-H), 7.26-7.24 (1H, m, Ar-H), 7.03 (1H, d, /=
8.8 Hz, Ar-H), 5.18 (1H, d, J = 6.8 Hz, ArOCH,), 5.03 (1H, d, J = 6.8 Hz, ArOCH,), 3.22 (3H, s,
OCHj3); "F NMR (376 MHz, CDCls, CECls): & -74.9.
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Compound 2: This is a known compound.”! [a]*’p = +109.9 (¢ 1.0, CHCL;). '"H NMR (400 MHz,
CDCls;, TMS): 8 7.95 (1H, d, J=9.2 Hz, Ar-H), 7.86 (1H, d, J = 8.0 Hz, Ar-H), 7.76 (1H, d, J=9.2
Hz, Ar-H), 7.72 (1H, d, J=9.6 Hz, Ar-H), 7.59 (1H, d, J = 8.8 Hz, Ar-H), 7.38-7.34 (1H, m, Ar-H),
7.24 (2H, d, J = 3.6 Hz, Ar-H), 7.20-7.08 (8H, m, Ar-H), 6.95-6.93 (1H, m, Ar-H), 5.05 (1H, d, J =
6.8 Hz, ArOCH,), 5.00 (1H, d, J = 6.8 Hz, ArOCH,), 4.37 (2H, d, J = 3.2 Hz CH,Ph), 4.04 (1H, brs,
ArNH), 3.15 (3H, s, OCH3); *C NMR (100 MHz, CDCl;, TMS): & 153.3, 143.5, 139.8, 134.0,
133.7, 130.3, 129.9, 129.0, 128.3, 128.0, 127.9, 127.3, 126.8, 126.2, 125.4, 124.5, 124.0, 121.6,
120.6, 117.6, 113.9, 113.3, 95.0, 55.9, 47.6.
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Compound 3: (R)-2’-(benzylamino)-1,1’-binaphthyl-2-ol

Compound 2 (1.79 g, 4.28 mmol) was dissolved into the mixed solvent of DCM/MeOH (15 mL/15
mL), and then 1.5 mL conc. HCI was added into the solution at room temperature. Then, the
mixture was stirred for 8 hours at 60 °C. After being cooled to room temperature, the solution was
poured into water and quenched by addition of saturated NaHCOj solution, extracted with CH,Cl,
twice, the combined organic layers were washed with brine, dried over anhydrous Na;SOs4. The
solvent was removed under reduced pressure and residue was used for the next reaction without
further purification, affording product 3 as white solid (1.60 g, 99% yield). m.p. 133-135 °C; [a]*’p
= +103.4 (c 1.0, CHCl3). IR (CH2Cly) v 3418, 3071, 3051, 3017, 1699, 1616, 1596, 1495, 1427,
1339, 1295, 1178, 1144, 972, 812, 747 cm™'; "H NMR (400 MHz, CDCl;, TMS): § 7.93 (1H, d, J =
8.8 Hz, Ar-H), 7.87 (1H, d, J = 8.0 Hz, Ar-H), 7.81 (1H, d, J = 9.2 Hz, Ar-H), 7.76-7.73 (1H, m,
Ar-H), 7.39 (1H, d, J = 8.8 Hz, Ar-H), 7.37-7.33 (1H, m, Ar-H), 7.30-7.26 (1H, m, Ar-H), 7.25-7.11
(9H, m, Ar-H), 7.00-6.97 (1H, m, Ar-H), 5.16 (1H, bs, ArOH), 4.37 (2H, s, CH,Ph), 4.21 (1H, bs,
NH); *C NMR (100 MHz, CDCls): & 152.0, 144.9, 139.3, 134.1, 133.4, 130.7, 130.5, 129.6, 128.5,
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128.3, 128.2, 127.5, 127.2, 127.0, 126.9, 126.7, 124.6, 123.7, 123.4, 122.3, 117.7, 114.1, 108.1,
47.4; MS (EI) m/z (%) 375 (100) [M'], 284 (45.71), 267 (25.33), 242 (18.00), 230 (6.70), 169
(6.50), 155 (9.21), 98 (25.11), 91 (41.75), 85 (56.27), 71 (61.10), 57 (67.71), 43 (55.74); HRMS (EI)
Calcd for C,7H, 1 NO [M+] requires 375.1623, Found 375.1629.
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Compound 4: (R)-2’-(benzylamino)-1,1’-binaphthyl-2-yl trifluoromethanesulfonate

Procedure: Compound 3 (1.60 g, 4.27 mmol) was dissolved in 20 mL of CH,Cl, and pyridine
(12.81 mmol), and the mixture was cooled to 0 °C with ice-water bath, then Tf,0 (6.40 mmol) was
added slowly. The resulting mixture was stirred at room temperature for 4 hours, and then the
reaction was quenched by addition of 0.1 N HCl, and extracted with CH,Cl,, washed by water and
brine, dried over anhydrous Na,SO4. The solvent was removed under reduced pressure and the
residue was purified by column chromatography on silica gel (EtOAc/PE = 1/16 as eluent) to
furnish product 4 as white solid (1.38 g, 2.73 mmol, 64% yield). m.p. 143-146 °C; [a]*’p= +49.7 (c
0.6, CHCIy). IR (CH,Cly) v 3433, 3059, 1781, 1712, 1621, 1600, 1497, 1421, 1344, 1213, 1141, 957,
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942, 835, 811, 745 cm™'; "H NMR (400 MHz, CDCls, TMS): & 8.07 (1H, d, J = 8.8 Hz, Ar-H), 7.99
(1H, d, J = 8.4 Hz, Ar-H), 7.84 (1H, d, J = 8.8 Hz, Ar-H), 7.77-7.74 (1H, m, Ar-H), 7.60-7.56 (2H,
m, Ar-H), 7.49 (1H, d, J = 7.8 Hz, Ar-H), 7.45-7.40 (1H, m, Ar-H), 7.27-7.13 (8H, m, Ar-H),
6.84-6.81 (1H, m, Ar-H), 4.43 (1H, d, J=15.6 Hz), 4.37 (1H, d, J = 15.6 Hz); °C NMR (100 MHz,
CDCl): & 146.0, 144.2, 139.5, 133.6, 133.3, 133.0, 131.0, 130.6, 128.4, 128.1, 127.9, 127.5, 127.4,
127.2,126.9, 126.8, 126.7, 123.4, 121.9, 119.9, 118.2 (CFs, q, Je.r = 318.6 Hz), 113.9, 109.0, 47.9;
"F NMR (376 MHz, CDCls, CECl;): & -74.6; MS (EI) m/z (%) 507 (100) [M'], 374 (93.19), 357
(19.40), 281 (10.40), 268 (19.03), 239 (15.07), 231 (30.76), 91 (57.40), 69(10.21); HRMS (EI)
Calcd for CogHyNO3F3S [M '] requires 507.1116, Found 507.1119.
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Compound 5: (R)-2’-(acetamino)-1,1’-binaphthyl-2-yl trifluoromethanesulfonate

Procedure: Compound 4 (3.58 g, 7.07mmol) was dissolved in mixed solvent of EtOH/CHCIl; (80
mL/20 mL), then 1.2 g of Pd(OH),/C was added into the solution. The resulting mixture was heated
to 40-50 °C for 8 hours. After the catalyst was filtered off, the solvent was removed under reduced
pressure and the residue was purified by column chromatography on neutral Al,O3; (EtOAc/PE =
1/16 as eluent) to give the corresponding intermediate as white solid (2.60 g, 6.20 mmol, 87%
yield). This white solid was dissolved in 10 mL of CH,Cl, mixed with 1.5 mL AcOH and 3.0 mL
Ac,O and the resulting mixture was stirred at room temperature overnight. The reaction was
quenched by addition of saturated NaHCOj3 solution, extracted with CH,Cl,, dried over anhydrous
Na,S0,. The solvent was removed under reduced pressure and the residue was purified by column
chromatography on silica gel (EtOAc/PE = 1/4 as eluent) to furnish product 5 as off-white solid
(2.80 g, 95% yield). This is a known compound. [0]*’p = +72.8 (¢ 1.0, CHCl;). '"H NMR (400 MHz,
CDCl3, TMS): 6 8.37 (1H, d, J= 8.8 Hz, Ar-H), 8.12 (1H, d, J=9.2 Hz, Ar-H), 8.04 (1H,d, J=9.2
Hz, Ar-H), 7.99 (1H, d, J = 8.8 Hz, Ar-H), 7.89 (1H, d, J = 8.0 Hz, Ar-H), 7.60-7.55 (2H, m, Ar-H),
7.42-7.34 (3H, m, Ar-H), 7.25 (1H, t, /= 8.4 Hz, Ar-H), 7.05 (1H, d, /= 8.4 Hz, Ar-H), 6.91 (1H, s,
Ar-NH), 1.75 (3H, s, COCHs); "’F NMR (376 MHz, CDCls, CFCls): § -79.4.
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Compound 6: (R)-N-(2’-bis(3,5-dimethylphenyl)phosphoryl)-1,1’-binaphthyl-2-yl)acetamide.
This was prepared according to the previous literature.”! A white solid. m.p. 110-113 °C; [0]*’p =
-171.7 (¢ 0.6, CHCls). IR (CH,Cl,) v 3052, 3030, 2904, 1794, 1686, 1594, 1501, 1398, 1274, 1174,
1113, 877, 818, 697 cm™; "H NMR (400 MHz, CDCls, TMS): & 9.84 (1H, s, ArNH), 7.95 (1H, d, J
= 8.0 Hz, Ar-H), 7.89 (1H, d, J = 8.0 Hz, Ar-H), 7.73 (1H, d, J = 8.8 Hz, Ar-H), 7.70 (1H, d, J = 8.8
Hz, Ar-H), 7.64-7.59 (3H, m, Ar-H), 7.56-7.49 (2H, m, Ar-H), 7.23-7.15 (3H, m, Ar-H), 7.10 (1H, d,
J=28.0 Hz, Ar-H), 7.00-6.98 (1H, m, Ar-H), 6.73 (1H, s, Ar-H), 6.70 (1H, s, Ar-H), 6.51 (1H, d, J =
8.4 Hz, Ar-H), 6.30 (1H, s, Ar-H), 2.38 (6H, s, ArCH3), 1.92 (3H, s, COCHs); 1.86 (6H, s, ArCH3);
3P NMR (162 MHz, CDCls, 85% H3POy): & 28.2; MS (EI) m/z (%) 567 (52.13) [M'], 552 (27.86),
309 (93.79), 267 (100), 257 (40.23), 133 (16.68), 91 (18.90), 57 (29.76), 43 (69.01); HRMS (EI)
Calcd for C3gH34NO,P [M] requires 567.2327, Found 567.2330.
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Compound 7: (R)-2’-bis(3,5-dimethylphenyl)phospino)-1,1’-binaphthyl-2-amine

Procedure: Compound 6 (1.0 mmol, 0.57 mg) was dissolved in 20 mL of EtOH, and then 4.0 N
HCI solution was added into the mixture. The resulting solution was heated to 60 °C overnight and
the reaction was quenched by addition of saturated NaHCOj3 solution, washed with water, extracted
by CHCl, twice, dried by anhydrous Na,SO4. The solution was concentrated for the next step
without further purification (quantitative yield). Triethylamine (13.49 g, 25 mmol) in toluene (20
mL) was added into this product mixture (2.80 g, 5.33 mmol) and then trichlorosilane (8.31 g, 12
mmol) was added. The resulting mixture was heated at 110 °C for three days. After being cooled to
room temperature, the product mixture was diluted with dichloromethane, quenched with a small
amount of saturated NaHCOj; solution. The resulting suspension was filtered through Celite, and
washed with dichloromethane. The combined extracts were dried over anhydrous Na,SO,, and the
residue was chromatographed on silica gel (PE/EA = 8:1 as eluent) to provide compound 7 as white

solid (1.85 g, 70% yield). m.p. 119-121 °C ; [0]’p = -201.3 (¢ 1.0, CHCls). IR (CH,Cl,) v 3461,

-S10-



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

3328, 3215, 3052, 2917, 1712, 1619, 1600, 1513, 1433, 1358, 1271, 1182, 873, 818, 747, 697 cm';
'H NMR (400 MHz, CDCls, TMS): & 7.89 (1H, d, J = 4.8 Hz, Ar-H), 7.87 (1H, d, J= 5.2 Hz, Ar-H),
7.79 (1H, d, J = 8.8 Hz, Ar-H), 7.72 (1H, d, J = 8.0 Hz, Ar-H), 7.52-7.46 (2H, m, Ar-H), 7.29-7.26
(2H, m, Ar-H), 7.12-7.09 (1H, m, Ar-H), 7.03 (1H, d, J = 7.2 Hz, Ar-H), 6.94-6.88 (4H, m, Ar-H),
6.77 (1H, s, Ar-H), 6.65 (1H, d, J = 8.0 Hz, Ar-H), 6.60 (1H, d, J = 8.0 Hz, Ar-H), 3.36 (2H, s, NH,),
2.23 (6H, s, ArCH3), 2.11 (6H, s, ArCH3); *'P NMR (162 MHz, CDCls, 85% H3PO,): & -12.9; MS
(ED) m/z (%) 509 (0.91) [M'], 525 (57.07), 267 (100), 266 (19.78), 239 (11.00), 133 (9.62), 99
(11.37), 85 (24.21), 71 (26.49), 57 (47.14), 43 (25.25); HRMS (EI) Calcd for CssH3,NP [M]
requires 509.2272, Found 509.2271.
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L1: (R)-1-(2'-(bis(3,5-dimethylphenyl)phosphino)-1,1'-binaphthyl-2-yl)-3-phenylthiourea

Procedure: This compound was prepared according to the previous literature.”! Compound 7 (800
mg, 1.57 mmol) was dissolved in 2.0 mL of dry THF, and then isothiocyanatobenzene (255 mg,
1.88 mmol) was added and the reaction mixture was heated to 60 °C under argon for 7 days. After

cooling to room temperature, the solution was concentrated by vacuum and the residue was purified
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by column chromatography on silica gel (EtOAc/PE = 1/8 as eluent) to provide L1 as white solid
(620 mg, 61% yield). m.p. 112-115 °C; [a]*’p = +158.2 (c 0.6, CHCl3). IR (CH,Cl,) v 3326, 3044,
2963, 1789, 1707, 1595, 1497, 1308, 1261, 1183, 1117, 840, 817, 748, 692 cm™; "H NMR (400
MHz, CDCl;, TMS): 6 8.07 (1H, d, J = 8.8 Hz), 7.97 (2H, d, J = 8.8 Hz), 7.90 (2H, d, J = 8.4 Hz),
7.80 (1H, d, J = 8.0 Hz), 7.50-7.41 (3H, m) 7.30-7.19 (3H, m), 7.09-7.06 (3H, m), 6.91-6.88 (2H,
m), 6.74 (4H, d, J = 7.8 Hz), 6.67 (1H, s), 6.62 (1H, d, J = 8.4 Hz), 6.53 (2H, d, J = 8.8 Hz), 2.18
(6H, s, ArCH3), 2.04 (6H, s, ArCH3); >'P NMR (162 MHz, CDCls, 85% H3POy): & -12.8; MS (ESI)
m/z (%) 645.5 [M'+H]; HRMS (ESI) Calcd for C43H33N,PS [M'+H] requires 645.2488, Found
645.2483.
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L2: (R)-1-benzyl-3-(2'-(bis(3,5-dimethylphenyl)phosphino)-1,1'-binaphthyl-2-yl)thiourea
Procedure: Compound 7 (800.0 mg, 1.57 mmol) was dissolved in 2.0 mL dry THF, and then
(isothiocyanatomethyl)benzene (280.7 mg, 1.88 mmol) was added. The resulting mixture was

heated to 60 °C under argon for 7 days, cooled to room temperature, concentrated by vacuum, and
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the residue was purified by column chromatography on silica gel (EtOAc/PE = 1/8 as eluent) to
provide L2 as white solid (580.0 mg, 56% yield). m.p. 116-119 °C; [0]*’b = +190.5 (¢ 0.5, CHCI;).
IR (CH,Cly) v 3367, 3058, 2921, 1782, 1697, 1424, 1369, 1254, 1179, 1143, 1076, 848, 819, 747,
693 cm™; '"H NMR (400 MHz, CDCls, TMS): & 7.95 (1H, d, J = 8.8 Hz), 7.91-7.89 (2H, m), 7.84
(1H, d, J = 8.4 Hz), 7.55-7.46 (3H, m), 7.39-7.35 (1H, m), 7.22-7.17 (4H, m), 7.05-7.00 (4H, m),
6.98 (1H, s), 6.94 (1H, s), 6.83 (1H, d, J = 8.4 Hz), 6.75 (2H, d, J = 8.8 Hz), 6.56 (2H, d, J = 8.8
Hz), 6.40 (1H, brs), 4.77-4.74 (1H, m), 3.99 (1H, dd, J; = 14.8 Hz, J, = 4.0 Hz), 2.27 (6H, s,
ArCHs), 2.07 (6H, s, ArCHs); >'P NMR (162 MHz, CDCls, 85% H3PO,): & -14.0; MS (ESI) m/z (%)
659.6 [M++H]; HRMS (ESI) Calcd for C44H4oN,PS [M++H] requires 659.2644, Found 659.2651.
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L3: (R)-1-(2'-(diphenylphosphino)-1,1'-binaphthyl-2-yl)-3-phenylurea

This is a known compound. [a]®’p = +72.3 (¢ 0.5, CHCl;). 'H NMR (400 MHz, CDCls, TMS): &
8.32 (1H, d, J = 8.8 Hz), 8.00 (1H, d, /= 8.8 Hz), 7.91 (2H, t, J= 8.4 Hz), 7.85 (1H, d, /= 8.8 Hz),
7.52 (1H,t,J=7.6 Hz), 7.40 (1H, dd, J; = 8.8 Hz, J, = 2.8 Hz ), 7.32-6.95 (17H, m), 6.76 (1H, d, J
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= 8.8 Hz), 6.68 (2H, d, J = 7.6 Hz), 5.97 (1H, s), 5.94 (1H, s); *'P NMR (162 MHz, CDCl;, 85%
H3PO4)I 0-14.3.

-0.000

200
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o
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L4:
(R)-1-(2'-(bis(3,5-dimethylphenyl)phosphino)-1,1'-binaphthyl-2-yl)-3-(3,5-bis(trifluoromethyl)
phenyl)thiourea

A white solid. yield: 77%. m.p. 118-122 °C; [a]*’p = +348.3 (¢ 0.5, CHCls). IR (CH,Cl,) v 3052,
2921, 1779, 1707, 1580, 1473, 1383, 1277, 1250, 1178, 1134, 992, 883, 847 cm™; '"H NMR (400
MHz, CDCls, TMS): & 8.28 (1H, d, J = 4.8 Hz), 8.11 (1H, d, J = 8.8 Hz), 7.97-7.93 (3H, m),
7.66-7.61 (4H, m), 7.54-7.46 (3H, m), 7.30-7.27 (2H, m), 7.11 (1H, d, J = 8.8 Hz), 7.08-7.04 (1H,
m), 6.81 (1H, s), 6.78 (1H, s), 6.75 (1H, d, J = 8.8 Hz), 6.73 (1H, s), 6.71 (1H, s), 6.60 (1H, s), 6.58
(1H, s), 2.11 (6H, s, ArCHs), 2.10 (6H, s, ArCH;); >'P NMR (162 MHz, CDCl;, 85% H3PO,): &
-13.5; ”F NMR (376 MHz, CDCls, CECl3): & -63.0; MS (ESI) m/z (%) 781.4 [M'+H]; HRMS (ESI)
Calcd for C4sH3zgFsN,PS [M++H] requires 781.2236, Found 781.2239.
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63.022

L6: (R)-1-benzyl-3-(2'-(bis(3,5-dimethoxyphenyl)phosphino)-1,1'-binaphthyl-2-yl)thiourea

A white solid. yield: 58%. m.p. 103-105 °C; [0]*’p = +123.8 (c 0.5, CHCL3). IR (CH,Cl,) v 2932,
1580, 1524, 1485, 1453, 1411, 1327, 1280, 1202, 1153, 1060, 1042, 817, 747 cm™; "H NMR (400
MHz, CDCl3, TMS): & 7.97 (1H, d, J = 8.8 Hz), 7.93 (2H, d, J = 8.8 Hz), 7.83 (1H, d, J = 8.0 Hz),
7.59 (1H, d, J = 8.4 Hz), 7.53-7.48 (2H, m), 7.37-7.28 (2H, m), 7.23-7.19 (3H, m), 7.13-7.11 (2H,
m), 7.05-6.96 (3H, m), 6.71 (1H, d, J = 8.8 Hz), 6.47-6.42 (2H, m), 6.37 (1H, d, J = 2.4 Hz), 6.35
(1H, d, J=2.4 Hz), 6.23 (1H, t, J= 2.4 Hz), 6.09 (1H, d, J = 2.4 Hz), 6.07 (1H, d, J = 2.4 Hz), 4.78
(1H, brs, CH,Ph), 4.23 (1H, dd, J; = 12.8 Hz, J, = 3.6 Hz, CH,Ph), 3.70 (6H, s, ArOCH3), 3.55 (6H,
s, ArOCH3); *'P NMR (CDCls, 162 MHz, 85% H3PO,): & -10.4; MS (ESI) m/z (%) 723.4 [M'+H];
HRMS (ESI) Caled for C44Hs004N,PS [M+H] requires 723.2448, Found 723.2441.
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Reference:

[1] a) Obrecht, D.; Altorfer, M.; Lehmann, C.; Schonholzer, P.; Miiller, K. J. Org. Chem. 1996, 61,
4080. b) Chen, F. M. F.; Kuroda, K.; Benoiton, N. L. Synthesis 1979, 230.

[2] Takashi, O.; Kohsuke, O.; Keiji, M. J. Am. Chem. Soc. 2007, 129, 2410.

[3] étépén, V.; Martin, S.; Vladimir, H.; Miroslav, P.; Pavel, K. J. Org. Chem. 1998, 63, 7738.

[4] Shi, Y.-L.; Shi, M. Adv. Synth. Catal. 2007, 349, 2129.
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Typical procedure for the preparation of Boc-protected Morita-Baylis-Hillman adducts.

OH O

OBocO

| ~ Boc,O, DMAP A
A CH,CI &
R 2Ll g

A 1
To an ice-water cooled solution of A (10.0 mmol) in dry CH,Cl; (20.0 mL) was added Boc,O (11.0
mmol) and DMAP (0.5 mmol) in dry CH,Cl, (20.0 mL) over half an hour. The reaction mixture was
stirred at room temperature overnight. The solution was washed with aqueous hydrochloric acid
(15%, 20 mL), saturated sodium bicarbonate (20 mL), and brine (20 mL) sequentially, dried over

anhydrous sodium sulfate, concentrated, and purified by column chromatography to get the product

OBocO

Cl
1a

tert-butyl 1-(4-chlorophenyl)-2-methylene-3-oxobutyl carbonate 1a: a white solid; yield: 77%; m.p.
97-99 °C; "H NMR (400 MHz, CDCls, TMS) & 7.34-7.27 (m, 4H), 6.50 (s, 1H), 6.23 (brs, 1H), 6.16
(d, J= 1.2 Hz, 1H), 2.31 (s, 3H), 1.45 (s, 9H); °C NMR (100 MHz, CDCl3) § 197.2, 152.4, 147.4,
136.9, 134.1, 128.8, 128.6, 125.5, 82.8, 74.3, 27.7, 26.0; IR (neat) v 3065, 3034, 2981, 2934, 1745,
1681, 1370, 1277, 1159 cm™'; MS (%) m/e 254 (M-C4Hs, 19), 209 (71), 195 (24), 193 (30), 192 (40),
175 (70), 115 (56), 57 (100), 43 (81); HRMS (EI) for C;2H;904Cl (M-C4Hg): 253.0268; Found:
253.0265.

7342
T3n
7.298
7276
6504
6162
6,158

2312
1.452
0.000

-
R
~=

OBocO
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OBocO

Br
1b

tert-butyl 1-(4-bromophenyl)-2-methylene-3-oxobutyl tert-butyl carbonate 1b: a white solid; yield:
67%; m.p. 101-103 °C; "H NMR (400 MHz, CDCls;, TMS) § 7.45-7.43 (m, 2H), 7.28-7.25 (m, 2H),
6.50 (s, 1H), 6.24 (s, 1H), 6.16 (s, 1H), 2.31 (s, 3H), 1.45 (s, 9H); >C NMR (100 MHz, CDCl;) &
197.1, 152.1, 147.3, 137.4, 131.5, 129.1, 125.5, 122.2, 82.7, 74.2, 27.6, 26.0. IR (neat) v 2981, 2934,
1746, 1681, 1370, 1488, 1370, 1280, 1157, 1084, 1073 cm™; MS (ESI) m/e 377 (M+Na); HRMS
(ESI) for C;sH19BrNaO4 (M+Na): 377.0359; Found: 377.0359.
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OBocO

O,N
1c

tert-butyl 2-methylene-1-(4-nitrophenyl)-3-oxobutyl carbonate 1c: a white solid; yield: 87%; m.p.
112-115 °C; 'H NMR (400 MHz, CDCls;, TMS) & 8.19-8.17 (m, 2H), 7.62-7.59 (m, 2H), 6.61 (s,
1H), 6.33 (s, 1H), 6.27 (s, 1H), 2.35 (s, 3H), 1.47 (s, 9H); °C NMR (100 MHz, CDCl;): & 197.0,
151.9, 147.5, 146.7, 145.4, 128.1, 126.4, 123.5, 83.1, 73.6, 27.5, 25.8. IR (neat) v 3478, 3341, 3112,
2982, 2936, 1747, 1681, 1608, 1526, 1370, 1252, 1156, 1086, 975, 853 cm™'; MS (ESI) m/e 344
(M+Na); HRMS (ESI) for Ci6H19NNaOg (M+Na): 344.1105; Found: 344.1105.
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OBocO

1d
tert-butyl 2-methylene-3-o0xo-1-p-tolylbutyl carbonate 1d: a white solid; yield: 57%; m.p. 79-82 °C;
'H NMR (400 MHz, CDCls, TMS) & 7.27 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.53 (s, 1H),
6.20 (s, 1H), 6.12 (s, 1H), 2.31 (s, 3H), 2.30 (s, 3H), 1.45 (s, 9H); >C NMR (100 MHz, CDCl;) &
197.2, 152.3, 147.7, 137.9, 134.9, 129.0, 127.3, 125.5, 82.3, 74.9, 27.6, 26.0, 21.0; IR (neat) v 3476,
3348, 2981, 2932, 1745, 1682, 1515, 1370, 1276, 1160, 1083, 973, 884 cm™; MS (ESI) m/e 313
(M+Na); HRMS (ESI) for C;7H2,NaO4 (M+Na): 313.1410; Found: 313.1414.
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OBocO

OCH3
1e

tert-butyl 1-(2-methoxyphenyl)-2-methylene-3-oxobutyl carbonate le: a white solid. yield: 52%;
m.p 119-121 °C; 'H NMR (400 MHz, CDCls, TMS) § 7.30-7.25 (m, 2H), 6.94-6.88 (m, 2H), 6.87
(d, 1H, J = 8.4 Hz), 6.22 (s, 1H), 5.82 (d, J = 1.2 Hz, 1H), 3.82 (s, 3H), 2.36 (s, 3H), 2.30 (s, 3H),
1.47 (s, 9H); °C NMR (100 MHz, CDCls): & 197, 156.7, 152.5, 147.0, 129.4, 127.3, 126.7, 126.2,
120.4, 110.8, 82.3, 69.9, 55.5, 27.7, 26.3; IR (CH,Cl,) v 2982, 1738, 1674, 1634, 1602, 1495, 1467,
1392, 1368, 1272, 1243, 1080, 985, 961, 942, 872 cm™'; MS (EI) m/z (%) 306.(2.61) (M), 250
(6.02), 206 (41.08), 205 (94.30), 189 (23.01), 175 (35.34), 145 (23.06), 131 (36.81), 121 (13.11), 97
(28.71), 77 (19.60), 57 (87.43), 43 (100); HRMS (EI) Calcd for Ci7H»0s (M") requires 306.1467,
Found 306.1460.
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OBocO

Br
1f

1-(3-bromophenyl)-2-methylene-3-oxobutyl tert-butyl carbonate 1f: a white solid; yield: 52%; m.p.
100-103 °C; "H NMR (400 MHz, CDCl3, TMS) & 7.52-7.51 (m, 1H), 7.42-7.39 (m, 1H), 7.34 (d, J
= 8.0 Hz, 1H), 7.19 (t, J = 8.0 Hz, 1H), 6.50 (s, 1H), 6.25 (s, 1H), 6.17 (d, /= 1.2 Hz, 1H), 2.33 (s,
3H), 1.46 (s, 9H); >C NMR (100 MHz, CDCls) & 197.1, 152.1, 147.2, 140.3, 131.3, 130.2, 130.0,
126.3, 125.8, 122.4, 82.9, 74.1, 27.7, 26.0; IR (neat) v 2981, 2927, 1746, 1681, 1573, 1475, 1370,
1280, 1159, 1085, 971, 789 cm™'; MS (ESI) m/e 377 (M+Na); HRMS (ESI) for C;sH 9BrNaO,
(M+Na): 377.0359; Found: 377.0354.
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OBocO

FaC
19

tert-butyl 2-methylene-3-oxo-1-(4-(trifluoromethyl)phenyl)butyl carbonate 1g: a white solid; yield:
45%; m.p. 89-93 °C; "H NMR (400 MHz, CDCls, TMS) & 7.58 (d, J = 8.8 Hz, 2H), 7.53 (d, /= 8.8
Hz, 2H), 6.59 (s, 1H), 6.27 (s, 1H), 6.20 (s, 1H), 2.32 (s, 3H), 1.46 (s, 9H); °C NMR (100 MHz,
CDCl3): 6 197, 152.1, 147.1, 142.2 (d, Jcr = 1.2 Hz), 130.2 (q, Jc.r = 32.4 Hz), 127.5, 125.9, 125.3
(q, Jer = 4.0 Hz), 123.9(q, Je.r = 271.0 Hz), 82.8, 74.1, 27.5; ’F NMR (CDCls, 376 MHz, CFCl3):
8 -62.7. IR (neat) v 2983, 2936, 1748, 1682, 1608, 1421, 1371, 1277, 1165, 1068, 974, 853 cm’';
MS (ESI) m/e 367 (M+Na); HRMS (ESI) for C,7H9F3NaO,4 (M+Na): 367.1128; Found: 367.1126.

7.594
7572
T8I
74815
6.594
2324
1459
-0.000

OBocQO
F3 G
= Kalu]
418
b g R
| Ll i
8 i ‘ B lll 2 o

-S24-



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

197.016

© o Do @ DD @ D b o 0o @
f SNmMO NS0 mme DEn o m
S SO m oGO ® 0 mm e e m
P R s e === = R Sy P i Y V)
e e e B R R R I i i I

~ oo oo
S —S @
= mOooo
P A - g
- g Sl S

27518
25758

T
T

T T T T T T
1800 1600

T T T T T T T T T T T T T T T T
1200 1000 800 BO0 400

— 62687

T T T
200 rm

T T
-40

T T T T T T T T T T T T T T T T T T
-B0 -80 -100 =120 -140

OBocO

OCHs
1h

T T
-160

tert-butyl 1-(3-methoxyphenyl)-2-methylene-3-oxobutyl carbonate 1h: a colorless oil. yield: 75%;
'H NMR (400 MHz, CDCls, TMS) 6 7.23 (t, J = 7.6 Hz, 1H), 6.98-6.95 (m, 1H), 6.92-6.91 (m, 1H),
6.83-6.81 (m, 1H), 6.54 (s, 1H), 6.22 (s, 1H), 6.10 (d, J = 1.2 Hz, 1H), 3.78 (s, 3H), 2.32 (s, 3H),
1.46 (s, 9H); °C NMR (100 MHz, CDCls) & 197.2, 159.5, 152.3, 147.6, 139.5, 129.4, 125.7, 119.6,
113.7, 112.8, 82.5, 74.7, 55.2, 27.7, 26.1; IR (CH,Cly) v 2977, 2937, 1741, 1679, 1460, 1394, 1369,
1305, 1274, 1251, 1161, 1089, 1045, 942, 898 cm™; MS (EI) m/z (%) 306.(6.86) [M'], 250 (4.51),
206 (42.71), 205 (55.37), 189 (16.61), 175 (59.06), 163 (6.09), 145 (10.07), 135 (11.34), 121

(20.08), 103 (15.47), 84 (11.10), 77 (13.19), 57 (100), 43 (87.19); HRMS (EI) Calcd for C;7H2,0s
[M] requires 306.1467, Found 306.1462.
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OBocO

CF3
1i

tert-butyl 2-methylene-3-oxo-1-(3-(trifluoromethyl)phenyl)butyl carbonate 1i: a white solid; yield:
61%; m.p. 48-49 °C; '"H NMR (400 MHz, CDCl;, TMS) & 7.61 (t, J = 8.4 Hz, 2H), 7.54 (d, J=17.6
Hz, 1H), 7.45 (t, J= 7.6 Hz, 1H), 6.59 (s, 1H), 6.28 (s, 1H), 6.20 (s, 1H), 2.33 (s, 3H), 1.46 (s, 9H);
BC NMR (100 MHz, CDCls): & 197, 152.1, 147.1, 139.2, 131.0, 130.7 (q, Jer = 32.0 Hz), 128.9,
128.0,125.9, 125.0 (q, Jcr = 3.7 Hz), 123.91 (q, Jcr = 3.7 Hz), 123.90 (q, Jcr = 270.7 Hz), 83.0,
74.2,27.6; "’F NMR (CDCls, 376 MHz, CFCLs): & -62.6; IR (neat) v 2983, 2972, 1749, 1675, 1327,
1285, 1272, 1251, 1160, 1119, 1072, 971, 956, 847 cm™'; MS (ESI) m/e 367 (M+Na); HRMS (ESI)
for C17H9F3NaO4 (M+Na): 367.1128; Found: 367.1130.
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OBocO
1n

tert-butyl 2-methylene-3-oxo-1-(thiophen-2-yl)butyl carbonate 1n: a white solid. yield: 32%; 'H
NMR (400 MHz, CDCls, TMS) 6 7.27-7.25 (m, 1H), 7.08-7.07 (m, 1H), 6.94 (dd, J; =5.2, J,= 3.6,
1H), 6.81 (s, 1H), 6.27 (s, 1H), 6.26 (d, J = 1.2 Hz, 1H), 2.35 (s, 3H), 1.47 (s, 9H); *C NMR (100
MHz, CDCls) ¢ 196.9, 152.1, 147.3, 140.7, 127.1, 126.8, 126.1, 125.2, 82.8, 70.2, 27.7, 26.0; IR
(CH,Cl,) v 2978, 2926, 1736, 1631, 1431, 1393, 1370, 1316, 1344, 1299, 1252, 1155, 1076, 1043,
962, 923, 868, 847 cm’™'; MS (EI) m/z (%) 306.(6.86) [M'], 250 (4.51), 206 (42.71), 205 (55.37),
189 (16.61), 175 (59.06), 163 (6.09), 145 (10.07), 135 (11.34), 121 (20.08), 103 (15.47), 84 (11.10),
77 (13.19), 57 (100), 43 (87.19); MS (ESI) m/e 305 (M+Na); HRMS (ESI) for C;4H;sNaO4S
(M+Na): 305.0818; Found : 305.0821.

M D DD F O WD M P O O D R O b

HE A AN OO o000 Mmoo m oo o
B e = IR T= = IR T= = R

2.348
1471
0.000

OBocO
1.05 025 093
JIUIQEIDJ‘QS DJQQ
Lo I L J
-_—
7 B 5 4 3 2 1 PFM
- e o smawm moocoo o e
= =2 5 =z®s 00 ms=Es9 S
= =g & =g=#4 B2 HEEF =
z 25 Zss s EmmzsD v
= 85 § ®mEss gemee 5
N - L - " ‘ ‘ bt
; ; ; . ; ; , i . ; . : . . ; . : ; ; . i
200 150 100 50 a PP

-S28-



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

OBocO

10

tert-butyl 1-(3-methoxyphenyl)-2-methylene-3-oxobutyl carbonate 1o: a colorless oil. yield: 16%;
'H NMR (400 MHz, CDCl;, TMS) & 6.14 (s, 1H), 6.03 (d, J = 0.8 Hz, 1H), 5.46-5.43 (m, 1H), 2.36
(s, 3H), 1.78-1.59 (m, 2H), 1.47 (s, 9H), 0.91 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl5) &
197.9, 152.8, 148.3, 124.7, 82.1, 74.9, 27.7, 27.6, 26.0, 9.7; IR (CH,Cl,) v 2976, 1741, 1679, 1459,
1394, 1369, 1305, 1275, 1251, 1161, 1089, 1044, 942, 898 cm™; MS (ESI) m/e 251 (M+Na);
HRMS (ESI) for C;,H;0NaO4 (M+Na): 251.1254; Found: 251.1260.
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General Procedure for the Preparation of 3 from the Reaction of 1a with 2a Using 3a as an

Example in the Presence of L2
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OBocO
Phe N
, ?)4 {ipr L2 (20 mol%), DCM__
Cl rt, 24 h
0
1a 2a

To a mixture of 1a (0.11 mmol, 34 mg), 2a (0.10 mmol, 21 mg) and catalyst L2 (13 mg, 0.020
mmol) was added 1.0 mL of dichloromethane at room temperature (20 °C) under argon. The
reaction solution was monitored by TLC .After the reaction complete, the solution was concentrated
under reduced pressure and the residue was further purified by silica gel column chromatography

(EtOAC/PE = 1/16) to give the target product 3a.

Preparative thin layer chromatography was performed to obtain the pure syn-adduct for

spectroscopic analyses (eluent: DCM/PE = 2/1).

(5)-4-((R)-1-(4-chlorophenyl)-2-methylene-3-oxobutyl)-4-isopropy-2-phenyloxazol-5(4H)-one
3a: Following the general procedure, the syn/anti ratio (16:1) was determined by 'H NMR
spectroscopic analysis of the crude product (& major 2.46 ppm, & minor: 2.79 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomer along
with trace amount of impurity (34 mg, 86% overall yield in a diastereomeric ratio = 16:1). m.p. for
syn-3a = 107-109 °C; [a]*’p (syn-3a) =-52.0 (c 0.5, CHCL3). IR (CH,Cl,): v 2972, 1811, 1672, 1651,
1488, 1453, 1295, 1200, 1157, 1110, 1046, 1016, 961, 914, 887, 811, 783 cm™'; '"H NMR (400 MHz,
CDCls, TMS) for syn-3a: 6 7.87 (2H, d, J = 6.8 Hz, Ph-H), 7.56 (1H, t, J = 7.6 Hz, Ph-H), 7.45 (2H,
t, J = 7.6 Hz, Ph-H), 7.27 (1H, s, =CH,), 7.16 (2H, d, J = 8.4 Hz, Ar-H), 7.05 (2H, d, J = 8.4 Hz,
Ar-H), 6.50 (1H, s, =CH,), 4.90 (1H, s, Ar-CH), 2.46 (1H, qu, J = 6.8 Hz, -CH(CHj3),), 2.32 (3H, s,
COCH3), 1.10 (3H, d, J = 6.8 Hz, -CH(CHs),), 0.81 (3H, d, J = 6.8 Hz, -CH(CH3),); *C NMR (100
MHz, CDCls) for syn-3a: & 198.0, 177.9, 160.3, 145.9, 135.0, 133.3, 132.7, 131.5, 128.8, 128.7,
128.0, 127.8, 125.4, 79.8, 46.2, 32.3, 25.6, 17.5, 15.3; MS (El(syn-3a)) m/z (%) 395 (1.86) [M'],
193 (35.40), 105 (84.48), 86 (51.69), 84 (82.05), 77 (32.57), 71 (8.47), 57 (11.35), 43 (100); HRMS
(EI) Calcd for C,3HCINO; [M+] requires 395.1292, Found 395.1288; The ee of the
syn-diastereomer was determined to be 97% [determined by HPLC, Chiralpak AD-H,
n-hexane/isopropanol = 90:10, 0.7 mL/min, A = 230 nm, t (major) = 6.98 min, t (minor) = 8.57
min].

"H NMR (400 MHz, CDCl3, TMS) for the crude product:
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(8)-4-((R)-1-(4-bromophenyl)-2-methylene-3-oxobutyl)-4-isopropy-2-phenyloxazol-5(4H)-one
3b: Following the general procedure, the syn/anti ratio (16:1) was determined by 'H NMR
spectroscopic analysis of the crude product (6 major: 2.46 ppm, & minor: 2.79 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomer along
with trace amount of impurity (36 mg, 82% overall yield in a diastereomeric ratio = 16:1); a white
solid. m.p. for syn-3b = 103-105 °C; [a]*’p (syn-3b) = -42.5 (c 1.0, CHCI;). IR (CH,Cl,): v 2922,
1811, 1678, 1651, 1485, 1454, 1342, 1296, 1157, 1113, 1072, 1047, 1022, 1010, 964, 911, 884, 811,
784 cm™; "H NMR (400MHz, CDCls, TMS) for syn-3b: & 7.88-7.86 (2H, m, Ph-H), 7.57-7.52 (1H,
m, Ph-H), 7.46-7.42 (2H, m, Ph-H), 7.28 (1H, s, =CH,), 7.21 (2H, d, J = 8.8 Hz, Ar-H), 7.10 (2H, d,
J=28.8 Hz, Ar-H), 6.50 (1H, s, =CH>), 4.89 (1H, s, Ar-CH), 2.46 (1H, qu, J = 6.8 Hz, -CH(CHjs),),
2.31 (3H, s, COCH3), 1.10 (3H, d, J = 6.8 Hz, -CH(CHj3),), 0.81 (3H, d, J = 6.8 Hz, -CH(CHs),);
C NMR (CDCls, 100 MHz) for syn-3b: & 198.0, 177.9, 160.3, 145.9, 135.6, 132.9, 131.9, 130.9,
128.8, 128.7, 127.7, 125.3, 121.6, 79.7, 46.2, 32.3, 25.5, 17.5, 15.3; MS (El(syn-3b)) m/z (%) 439
(2.07) [M'], 239 (32.76), 237 (33.60), 202 (6.34), 158 (31.42), 115 (12.37), 105 (100.00), 77
(36.26), 43 (88.45); HRMS (EI) Calcd for C3H,,BrNO; [M '] requires 439.0783, Found 439.0785;
The ee of the syn-diastereomer was determined to be 97% [determined by HPLC, Chiralpak AD-H,
n-hexane/isopropanol = 90:10, 0.7 mL/min, A = 230 nm, t (major) = 7.28 min, t (minor) = 8.61
min].

"H NMR (400 MH;, CDCl;, TMS) for the crude product:

o ' - qu

——— — 77— T T — 77—
8 7 <1 =1 4 3 2 1 1]

'"H NMR (400 MHz, CDCl3, TMS) for the syn-diastereomer
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(8)-4-((R)-1-(4-nitrophenyl)-2-methylene-3-oxobutyl)-4-isopropy-2-phenyloxazol-5(4H)-one 3c:
Following the general procedure, the syn/anti ratio (4:1) was determined by "H NMR spectroscopic
analysis of the crude product (6 major: 2.51 ppm, 6 minor: 2.79 ppm). The mixture was purified by
column chromatography using silica gel to give a mixture of diastereoisomer along with trace
amount of impurity (39 mg, 95% overall yield in a diastereomeric ratio = 4:1); a white solid. m.p.

for syn-3¢ = 114-117 °C; [a]*’p (syn-3¢) = -79.7 (c 1.0, CHCls); [0’ (anti-3¢) = -139.5 (c 0.5,
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CHCI3). IR (CH,Cl): v(syn-3¢) 2922, 1813, 1676, 1645, 1604, 1522, 1453, 1367, 1342, 1320, 1289,
1163, 1106, 1044, 1025, 973, 910, 877, 855, 833, 783 cm™; R (CH,Cl,): V(anti-3¢) 2961, 2925,
1782, 1680, 1646, 1605, 1522, 1493, 1450, 1347, 1258, 1174, 1070, 1015, 964, 859. '"H NMR (300
MHz, CDCl;, TMS) for syn-3¢: 6 7.95 (2H, d, J = 9.0 Hz, Ar-H), 7.87 (2H, d, J = 7.2 Hz, Ar-H),
7.57 (1H, t, J=7.2 Hz, Ph-H), 7.48-7.39 (5H, m, Ph-H and =CHy), 6.60 (1H, s, =CH>), 5.03 (1H, s,
Ar-CH), 2.51 (1H, qu, J = 7.2 Hz, -CH(CHs),), 2.35 (3H, s, COCHj3), 1.11 (3H, d, J = 7.2 Hz,
-CH(CHs),), 0.81 (3H, d, J = 7.2 Hz, -CH(CH3),); '"H NMR (400 MHz, CDCl;, TMS) for anti-3¢: &
8.10-8.05 (2H, m), 7.56-7.41 (4H, m), 7.36-7.31 (3H, m), 6.79 (1H, s), 6.41 (1H, s), 5.55 (1H, s),
2.79 (1H, qu, J= 6.8 Hz), 2.21 (3H, s), 1.22 (3H, d, J = 6.8 Hz), 1.10 (3H, d, J = 6.8 Hz); °C NMR
(75 MHz, CDCl3) for syn-3c: 6 198.0, 177.6, 160.5, 147.0, 145.1, 144.2, 133.0, 131.1, 129.8, 128.8,
127.7, 124.9, 123.0, 79.4, 46.5, 32.4, 25.5, 17.4, 15.2; °C NMR (100 MHz, CDCl;) for anti-3¢: &
197.2, 169.4, 163.3, 147.2, 144.5, 142.8, 137.1, 131.5, 130.8, 129.2, 128.5, 126.6, 123.1, 106.7,
51.2,28.1,25.1, 18.9; MS (El(syn-3c)) m/z (%) 406 (0.12) [M], 202 (19.95), 174 (5.82), 115 (1.70),
105 (100.00), 77 (15.77), 51 (2.09), 43 (11.30); HRMS (EI) Calcd for C,3H»nN,05 [M'] requires
406.1529, Found 406.1531; MS (ESI(anti-3¢)) m/e 407 (M'+H); HRMS (ESI) for Cp3H;3N,05
(M+H): 407.1610, Found: 407.1602; The ee of the syn-diastereomer was determined to be 98%
[determined by HPLC, Chiralpak AD-H, n-hexane/isopropanol = 90:10, 0.7 mL/min, A = 230 nm, t
(major) = 9.77 min, t (minor) = 12.36 min]; The ee of the anti-diastereomer was determined to be
94% [determined by HPLC, Chiralpak AD-H, n-hexane/isopropanol = 90:10, 0.5 mL/min, A = 230
nm, t (major) = 21.78 min, t (minor) = 20.54 min].

'"H NMR (300 MHz, CDCl3, TMS) for the crude product:

"H NMR (300 MHz, CDCl;, TMS) for the syn-diastereomer
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3C NMR (100 MHz, CDCl;, TMS) for the anti-diastereomer
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(8)-4-isorpopyl-4-((R)-2-methylene-3-oxo-1-p-tolylbutyl)-2-phenyloxazol-5(4H)-one 3d:
Following the general procedure, the syn/anti ratio (20:1) was determined by 'H NMR
spectroscopic analysis of the crude product (6 major: 2.46 ppm, & minor: 2.75 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomers along
with trace amount of impurity (34 mg, 91% overall yield in a diastereomeric ratio = 20:1); a white
solid. m.p. for syn-3d = 90-93 °C; [a]*’p (syn-3d) = -53.3 (¢ 0.7, CHCl3). IR (CH,Cl,): v 2921, 1812,
1679, 1652, 1322, 1294, 1046, 1022, 963, 909, 882, 810, 785 cm™'; 'H NMR (400 MHz, CDCl;,
TMS) for syn-3d: & 7.88-7.85 (2H, m, Ph-H), 7.55-7.51 (1H, m, Ph-H), 7.46-7.41 (2H, m, Ph-H),
7.24 (1H, s, =CH,), 7.10 (2H, d, J = 8.0 Hz, Ar-H), 6.88 (2H, d, J = 7.6 Hz, Ar-H), 6.46 (1H, s,
=CH,), 4.90 (1H, s, Ar-CH), 2.46 (1H, qu, J = 6.8 Hz, -CH(CH3),), 2.30 (3H, s, COCH3), 2.15 (3H,
s, PhCH3), 1.11 (3H, d, J = 6.8 Hz, -CH(CH:),), 0.81 (3H, d, J = 6.8 Hz, -CH(CH3),); °C NMR
(100 MHz, CDCls) for syn-3d: & 198.2, 178.1, 160.0, 146.4, 136.9, 133.3, 132.4, 130.0, 128.6,
128.5, 128.3, 127.7, 125.7, 80.1, 46.5, 32.3, 25.7, 20.9, 17.6, 15.4; MS (El(syn-3d)) m/z (%) 375
(1.26) [M], 173 (41.78), 131 (8.05), 115 (4.62), 105 (33.00), 86 (14.60), 84 (22.95), 77 (22.56), 43
(100); HRMS (EI) Calcd for C,4HysNO; [M'] requires 375.1834, Found 375.1834; The ee of the
syn-diastereomer was determined to be 96% [determined by HPLC, Chiralpak AD-H,
n-hexane/isopropanol = 90:10, 0.7 mL/min, A = 230 nm, t (major) = 6.78 min, t (minor) = 7.78

min].

-S36-



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

"H NMR (400 MHz, CDCl;, TMS) for the crude product
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(S)-4-isorpopyl-4-((R)-1-(2-methoxyphenyl)-2-methylene-3-oxobutyl)-2-phenyloxazol-5(4H)-o
ne 3e: Following the general procedure, the syn/anti ratio (5:1) was determined by 'H NMR
spectroscopic analysis of the crude product (6 major: 2.45 ppm, & minor: 2.79 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomers along
with trace amount of impurity (37 mg, 94% overall yield in a diastereomeric ratio = 5:1). m.p. for
syn-3e = 119-121 °C; [a]*p (syn-3e) = +55.5 (¢ 0.7, CHCLs); [a]*’p (anti-3e) = -7.7 (¢ 0.5, CHCI;).
IR (CH,Cly): v(syn-3e) 2921, 1817, 1676, 1647, 1489, 1461, 1449, 1344, 1290, 1240, 1198, 1154,
1109, 1043, 1023, 955, 910, 882, 787, 728 cm™'; IR (CH,Cl,): v(anti-3e) 2961, 2926, 2854, 1826,
1780, 1685, 1655, 1599, 1492, 1258, 1216, 1169, 1105, 1072, 1022, 951, 881, 800."H NMR (400
MHz, CDCls, TMS) for syn-3e: 6 7.88 (2H, d, J = 8.4 Hz, Ph-H), 7.53 (1H, t, J = 7.2 Hz, Ph-H),
7.44 (2H, t, J = 7.2 Hz, Ph-H), 7.31 (1H, dd, J; = 7.8 Hz, J, = 1.2 Hz, Ar-H), 7.09-7.04 (1H, m,
Ar-H), 6.97 (1H, s, =CH,), 6.83-6.81 (1H, m, Ar-H), 6.63-6.60 (1H, m, Ar-H), 6.37 (1H, s, =CH,),
5.71 (1H, s, Ar-CH), 3.87 (3H, s, Ar-OCH3), 2.45 (1H, qu, J = 6.8 Hz, -CH(CH3),), 2.27 (3H, s,
COCH,), 1.12 (3H, d, J = 6.8 Hz, -CH(CH3),), 0.84 (3H, d, J = 6.8 Hz, -CH(CH3),); 'H NMR (400
MHz, CDCls, TMS) for anti-3e: & 7.57-7.55 (2H, m), 7.34-7.24 (5H, m), 6.88-6.73 (2H, m), 6.60
(1H, s), 6.29 (1H, s), 6.01 (1H, s), 3.84 (3H, s), 2.79 (1H, qu, J = 6.8 Hz), 2.21 (3H, s), 1.22 (3H, d,
J=6.8 Hz), 1.13 (3H, d, J= 6.8 Hz); °C NMR (100 MHz, CDCl;) for syn-3e: & 198.5, 177.7, 159.9,
157.1, 147.4, 132.4, 130.9, 128.6, 128.4, 128.3, 127.7, 125.8, 125.3, 119.4, 111.4, 80.0, 56.0, 38.1,
32.5,26.0, 17.4, 15.8; °C NMR (100 MHz, CDCls) for anti-3e:  197.7, 168.5, 158.1, 146.1, 137.8,
130.5, 129.9, 128.7, 128.3, 128.1, 127.3, 126.7, 126.1, 119.6, 111.3, 69.9, 56.1, 43.3, 28.0, 27.7,
25.7, 19.0, 18.8; MS (El(syn-3e)) m/z (%) 391 (0.51) [M'], 190 (6.62), 189 (47.94), 147 (20.16),
131 (6.13), 115 (4.41), 105 (31.61), 86 (61.28), 84 (100.00), 77 (23.16), 43 (89.95); HRMS (EI)
Calcd for C,4HysNO4 [M'] requires 391.1784, Found 391.1785; MS (ESI(anti-3e)) m/e 392 (M '+H);
HRMS (ESI) for C4H26NO4 (M++H): 392.1861, Found: 392.1856. The ee of the syn-diastereomer
was determined to be 95% [determined by HPLC, Chiralpak AD-H, n-hexane/isopropanol = 90:10,
0.7 mL/min, A = 230 nm, t (major) = 7.02 min, t (minor) = 8.57 min]; The ee of the
anti-diastereomer was determined to be 94% [determined by HPLC, Chiralpak IC-H,
n-hexane/isopropanol = 95:5, 0.3 mL/min, A = 230 nm, t (major) = 31.09 min, t (minor) = 31.33
min].

"H NMR (400 MHz, CDCl;, TMS) for the crude product
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(5)-4-((R)-1-(3-bromophenyl)-2-methylene-3-oxobutyl)-4-isopropy-2-phenyloxazol-5(4H)-one

3f: Following the general procedure, the syn/anti ratio (15:1) was determined by 'H NMR
spectroscopic analysis of the crude product (6 major: 2.47 ppm, 6 minor: 2.80 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomer along
with trace amount of impurity (40 mg, 91% overall yield in a diastereomeric ratio = 15:1); a white
solid. m.p. for syn-3f = 154-156 °C; [0]*’p (syn-3f) = -71.8 (¢ 0.8, CHCL;). IR (CH,Cl,): v 2974,
2954, 1811, 1673, 1655, 1470, 1288, 1196, 1159, 1111, 1041, 1019, 978, 916, 888, 876, 800, 731
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cm™; 'TH NMR (400 MHz, CDCls;, TMS) for syn-3f: 8 7.87 (2H, d, J = 6.8 Hz, Ph-H), 7.55 (1H, t, J
= 7.6 Hz, Ph-H), 7.45 (2H, t, J = 7.2 Hz, Ph-H) , 7.35 (1H, s, Ar-H), 7.28 (1H, s, =CH,), 7.19 (2H,
dd, J; = 8.0 Hz, J; = 2.0 Hz, Ar-H), 6.97 (1H, t, J = 8.0 Hz, Ar-H), 6.52 (1H, s, =CH,), 4.89 (1H, s,
Ar-CH), 2.47 (1H, qu, J = 6.8 Hz, -CH(CHs),), 2.34 (3H, s, COCHj3), 1.10 (3H, d, J = 6.8 Hz,
-CH(CHj),), 0.82 (3H, d, J = 6.8 Hz, -CH(CH3),); °C NMR (CDCls, 100 MHz) for syn-3f: & 198.0,
177.8, 160.4, 145.6, 138.8, 133.0, 132.7, 130.5, 129.5, 129.1, 129.0, 128.7, 127.8, 125.3, 121.6,
79.7,46.6, 32.2, 25.6, 17.5, 15.3; MS (El(syn-3f)) m/z (%) 439 (2.18) [M], 237 (5.17), 202 (20.39),
174 (5.64), 158 (8.15), 115 (6.41), 105 (100.00), 84 (11.45), 77 (25.88), 43 (39.26); HRMS (EI)
Calcd for Cy3H,,BrNOs3 [M'] requires 439.0783, Found 439.0790; The ee of the syn-diastereomer
was determined to be 97% [determined by HPLC, Chiralpak IC-H, n-hexane/isopropanol = 99:1,

0.7 mL/min, A = 230 nm, t (major) = 15.63 min, t (minor) = 8.57 min].

'"H NMR (400 MHz, CDCl3, TMS) for the crude product

mmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmm
[ R R R R Ty =S EESE=m
mmmmmmmmmmmmmmmmmmmmmmmm

LU | (V2

Moo=

4.887
0.
3
£
)
3
3
1110
1.092
0.828
0.811
0.000

REC




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

BC NMR (100 MHz, CDCl3, TMS) for the syn-diastereomer
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(S)-4-isorpopyl-4-((R)-2-methylene-3-0x0-1-(4-(trifluorophenyl))butyl)-2-phenyloxazol-5(4H)-

one 3g: Following the general procedure, the syn/anti ratio (16:1) was determined by 'H NMR
spectroscopic analysis of the crude product (6 major: 2.50 ppm, & minor: 2.78 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomer along
with trace amount of impurity (37 mg, 86% overall yield in a diastereomeric ratio = 16:1); a white
solid. m.p. for syn-3g = 122-123 °C; [a]*’ (syn-3g) = -57.3 (¢ 0.8, CHCl3). IR (CH,Cl,): v 2978,
2881, 1813, 1673, 1650, 1617, 1493, 1451, 1323 1292, 1251, 1198, 1128, 1110, 1043, 1018, 986,
969, 911, 881, 821, 781 cm™'; '"H NMR (400 MHz, CDCl;, TMS) for syn-3g: & 7.86 (2H, d, J= 7.2
Hz, Ph-H), 7.55 (1H, t, J = 7.8 Hz, Ph-H), 7.44 (2H, t, J = 7.2 Hz, Ph-H), 7.33-7.38 (5H, m, Ar-H
and =CH,), 6.54 (1H, s, =CH>), 5.00 (1H, s, Ar-CH), 2.50 (1H, qu, J = 6.8 Hz, -CH(CHs),), 2.33
(3H, s, COCH3), 1.11 (3H, d, J = 6.8 Hz, -CH(CHs),), 0.82 (3H, d, J = 6.8 Hz, -CH(CHs),); °C
NMR (100 MHz, CDCls) for syn-3g: 6 198.0, 177.8, 160.4, 145.6, 140.7, 132.8, 130.6, 129.5 (q,
Jer =32.0 Hz), 129.2, 128.7, 127.7, 125.3, 124.8 (q, Jcr = 3.7 Hz ), 123.9 (q, Jcr = 207.7 Hz),
79.7, 46.6, 32.3, 25.5, 17.4, 15.3; "’F NMR (376 MHz, CDCls;, CFCl3): & (syn-3g) -62.7; MS
(El(syn-3g)) m/z (%) 429 (1.67) [M '], 202 (24.30), 174 (5.44), 165 (0.60), 106 (8.18), 105 (100.00),
84 (9.37), 77 (23.72), 43 (26.76); HRMS (EI) Calcd for C,4H»nF3NO3; [M'] requires 429.1552,
Found 429.1557; The ee of the syn-diastereomer was determined to be 96% [determined by HPLC,
Chiralpak AD-H, n-hexane/isopropanol = 95:5, 0.7 mL/min, A = 230 nm, t (major) = 7.02 min, t
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(minor) = 8.57 min].

'"H NMR (400 MHz, CDCl3, TMS) for the crude product
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OCHj 3h

(5)-4-isorpopyl-4-((R)-1-(3-methoxyphenyl)-2-methylene-3-oxobutyl)-2-phenyloxazol-5(4H)-o

ne 3h: Following the general procedure, the syn/anti ratio (12:1) was determined by 'H NMR
spectroscopic analysis of the crude product (6 major: 2.47 ppm, & minor: 2.77 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomer along
with trace amount of impurity (36 mg, 92% overall yield in a diastereomeric ratio = 12:1); a white
solid. m.p. for syn-3h = 117-119 °C; [0]*’b (syn-3h) = -49.8 (¢ 0.7, CHCls). IR (CH,Cl,): v 2974,
1818, 1680, 1651, 1597, 1491, 1467, 1451, 1294, 1259, 1244, 1199, 1154, 1111, 1045, 1021, 969,
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902, 864, 794, 779, 729 cm™; "H NMR (300 MHz, CDCls, TMS) for syn-3h: & 7.87 2H, d, J=7.2
Hz, Ph-H), 7.53 (1H, t, J= 7.5 Hz, Ph-H), 7.43 (2H, t, /= 7.2 Hz, Ph-H), 7.26 (1H, s, =CH,), 7.00
(1H, t,J="7.8 Hz, Ar-H), 6.82 (1H, d, J = 6.8 Hz, Ar-H), 6.78-6.76 (1H, m), 6.61 (1H, dd, J; = 10.8
Hz, J, = 3.2 Hz, Ar-H), 6.49 (1H, s, =CH>), 4.92 (1H, s, Ar-CH), 3.57 (3H, s, Ar-OCH3), 2.47 (1H,
qu, J = 7.2 Hz, -CH(CH3),), 2.32 (3H, s, COCHs), 1.12 (3H, d, /= 7.2 Hz, -CH(CH3),), 0.84 (3H, d,
J=17.2 Hz, -CH(CHs),); *C NMR (75 MHz, CDCls) for syn-3h: & 198.2, 178.0, 160.1, 158.9, 146.1,
137.9, 132.5, 128.7, 128.6, 127.7, 125.6, 122.7, 115.3, 113.5, 80.0, 55.0, 46.9, 32.3, 25.7, 17.6, 15.4;
MS (EI(syn-3h)) m/z (%) 391 (4.95) [M'], 203 (4.09), 189 (77.39), 147 (45.34), 132 (6.29), 115
(8.73), 105 (100.00), 77 (52.88), 51 (5.77), 43 (84.84); HRMS (EI) Calcd for CoH,5NO, [M]
requires 391.1784, Found 391.1788; The ee of the syn-diastereomer was determined to be >99%
[determined by HPLC, Chiralpak AD-H, n-hexane/isopropanol = 90:10, 0.7 mL/min, A = 230 nm, t

(major) = 7.21 min, t (minor) = 17.78 min].

'"H NMR (400 MHz, CDCl3, TMS) for the crude product
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3C NMR (75 MHz, CDCl;, TMS) for the syn-diastereomer
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(8)-4-isorpopyl-4-((R)-2-methylene-3-oxo-1-(3-(trifluorophenyl))butyl)-2-phenyloxazol-5(4H)-

one 3i: Following the general procedure, the syn/anti ratio (16:1) was determined by 'H NMR
spectroscopic analysis of the crude product (6 major: 2.50 ppm, 8 minor: 2.75 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomer along
with trace amount of impurity (38 mg, 89% overall yield in a diastereomeric ratio = 16:1). a white
solid. m.p. for syn-3i = 80-83 °C; [0]™p (syn-3i) = -45.2 (¢ 0.9, CHCl3). IR (CH,Cl,): v 2924, 1806,
1673, 1655, 1620, 1449, 1366 1288, 1161, 1177, 1131, 1096, 1042, 1021, 979, 968, 918, 891, 814,
729 cm™; 'TH NMR (400 MHz, CDCls, TMS) for syn-3i: & 7.82 (2H, d, J = 9.6 Hz, Ar-H), 7.56-7.51
(1H, m, Ar-H), 7.45-7.40 (4H, m, Ar-H), 7.35 (1H, s, =CH,), 7.32 (1H, d, J = 10.8, Ar-H), 7.22-7.27
(1H, m, Ar-H), 6.56 (1H, s, =CH>), 5.00 (1H, s, Ar-CH), 2.50 (1H, qu, J = 6.8 Hz, -CH(CHs)»), 2.35
(3H, s, COCH3), 1.12 (3H, d, J = 6.8 Hz, -CH(CH3),), 0.83 (3H, d, J = 6.8 Hz, -CH(CHs),); °C
NMR (CDCl;, 100 MHz) for syn-3i: 6 197.9, 177.8, 160.6, 145.8, 137.7, 134.1 (d, Jcr = 1.5 Hz),
132.7, 130.1 (q, Jcr = 30.0 Hz), 129.0, 128.6, 128.5, 126.7 (q, Jcr = 3.7 Hz), 125.3, 124.2 (q, Jcr
= 3.7 Hz), 123.8 (q, Jor = 270.6 Hz), 79.8, 46.9, 32.3, 25.4, 17.5, 15.3; "°F NMR (376 MHz, CDCl;,
CFCl3): § -62.8; MS (El(syn-3i)) m/z (%) 429 (0.65) [M '], 227 (0.91), 202 (23.69), 174 (5.14), 128
(0.71), 115 (3.23), 105 (100.00), 77 (23.72), 51 (2.72), 43 (26.76); HRMS (EI) Calcd for
Cy4H2,F3NO3 [M+] requires 429.1552, Found 429.1554; The ee of the syn-diastereomer was
determined to be 97% [determined by HPLC, Chiralpak AD-H, n-hexane/isopropanol = 90:10, 0.7
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mL/min, A =230 nm, t (major) = 5.38 min, t (minor) = 8.78 min].

'"H NMR (400 MHz, CDCl3, TMS) for the crude product
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Ph

(8)-4-((R)-1-(4-bromophenyl)-2-methylene-3-oxobutyl)-4-isobutyl-2-phenyloxazol-5(4H)-one
3j: Following the general procedure, the syn/anti ratio (3:1) was determined by 'H NMR
spectroscopic analysis of the crude product (6 major: 4.68 ppm, & minor: 4.86 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomer along
with trace amount of impurity (38 mg, 84% overall yield in a diastereomeric ratio = 3:1); a white
solid. m.p. for syn-3j = 123-126 °C; [a]*’p (syn-3j) = -28.1 (c 0.6, CHCL;); [0]*’p (anti-3j) = -2.1 (c
0.4, CHCI3). IR (CH2CL): v(syn-3j) 2920, 1808, 1671, 1652, 1486, 1452, 1357, 1318, 1293, 1157,
1242, 1148, 1114, 1073, 1045, 1023, 1014, 988, 975, 928, 891, 853, 818, 779 cm™; IR (CH,CL):
v(anti-3j) 2969, 1816, 1683, 1653, 1487, 1451, 1141, 1320, 1291, 1261, 1216, 1095, 1021, 869. 'H
NMR (400 MHz, CDCls, TMS) for syn-3j: 6 7.89-7.87 (2H, m, Ph-H), 7.59-7.55 (1H, m, Ph-H),
7.48-7.44 (2H, m, Ph-H), 7.24 (1H, s, =CH»), 7.22-7.19 (2H, m, Ar-H), 7.07-7.04 (2H, m, Ar-H),
6.48 (1H, s, =CH>), 4.68 (1H, s, Ar-CH), 2.31 (3H, s, COCH3), 2.13 (1H, dd, J, = 14.4 Hz; J, = 6.4
Hz, CH,CH(CHs),), 1.86 (1H, dd, J, = 14.4 Hz; J, = 6.0 Hz, CH,CH(CH3),), 1.49 (1H, qu, J = 6.8
Hz, CH,CH(CHj3),), 0.86 (3H, d, J = 6.8 Hz, CH,CH(CH3),), 0.81 (3H, d, J = 6.8 Hz,
CH,CH(CH3;),); '"H NMR (400 MHz, CDCl;, TMS) for anti-3j: & 8.05-8.03 (2H, m), 7.64-7.60 (1H,
m), 7.55-7.49 (4H, m), 7.44-7.41 (2H, m), 6.21 (1H, s), 6.15 (1H, s), 4.86 (1H, s), 2.26 (3H, s), 1.84
(2H, d, J= 6.4 Hz), 1.45 (1H, qu, J = 6.8 Hz), 0.79 (6H, t, J = 6.8 Hz); °C NMR (100 MHz, CDCls)
for syn-3j: 6 198.2, 179.8, 160.1, 146.7, 135.2, 132.7, 131.6, 131.1, 128.8, 128.5, 127.7, 125.5,
121.7, 49.9, 44.1, 25.6, 25.2, 23.8, 23.5; *C NMR (100 MHz, CDCls) for anti-3j: 8 197.6, 179.8,
160.3, 146.9, 138.1, 132.8, 131.6, 131.4, 129.0, 128.9, 127.9, 125.6, 121.3, 75.9, 47.8, 45.3, 25.3,
25.0, 23.9, 23.3; MS (El(syn-3j)) m/z (%) 453 (0.34) [M'], 366 (1.68), 239 (25.08), 237 (25.26),
216 (4.96), 202 (6.34), 158 (31.42), 115 (16.91), 105 (100.00), 77 (34.68), 43 (51.45); HRMS (EI)
Calcd for Cp4Hp4BrNO; [M] requires 453.0940, Found 453.0941; MS (ESI(anti-3j)) m/e 454
(M'+H); HRMS (ESI) for CpsH,sNO3Br (M'+H): 454.1029, Found: 454.1012; The ee of the
syn-diastereomer was determined to be 91% [determined by HPLC, Chiralpak AD-H,
n-hexane/isopropanol = 90:10, 0.7 mL/min, A = 230 nm, t (major) = 7.55 min, t (minor) = 9.14 min];
The ee of the anti-diastereomer was determined to be 98% [determined by HPLC, Chiralpak IC-H,
n-hexane/isopropanol = 98:2, 0.3 mL/min, A = 230 nm, t (major) = 41.25 min, t (minor) = 51.36
min].

'"H NMR (400 MHz, CDCl3, TMS) for the crude product
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3C NMR (100 MHz, CDCl3, TMS) for the syn-diastereomer
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'"H NMR (400 MHz, CDCl3, TMS) for the anti-diastereomer (containing some impurities)
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(8)-4-((R)-1-(4-chlorophenyl)-2-methylene-3-oxobutyl)-4-methyl-2-phenyloxazol-5(4H)-one 3k:
Following the general procedure, the syn/anti ratio (4:1) was determined by "H NMR spectroscopic
analysis of the crude product (6 major: 4.75 ppm, & minor: 4.86 ppm). The mixture was purified by
column chromatography using silica gel to give a mixture of diastereoisomers along with trace
amount of impurity (33 mg, 90% overall yield in a diastereomeric ratio = 4:1); a white solid. m.p.
for syn-3k = 123-125 °C; [a]*’p (syn-3k) = -0.7 (¢ 0.7, CHCL); [0]*’ (anti-3K) = -11.2 (c 0.4,
CHCl). IR(CH,Cly): v(syn-3k) 1818, 1789, 1658, 1620, 1492, 1450, 1323, 1295, 1168, 1092, 1072,
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1017, 982, 898, 818, 782 cm™'; IR(CH,CLy): v(anti-3k) 2958, 2925, 2854, 1822, 1742, 1683, 1652,
1491, 1452, 1375, 1292, 1259, 1216, 1199, 1091, 917, 876. '"H NMR (400 MHz, CDCl3;, TMS) for
syn-3k: 6 7.90-7.87 (2H, m, Ph-H), 7.58-7.54 (1H, m, Ph-H), 7.47-7.43 (2H, m, Ph-H), 7.25 (1H, s,
=CH,), 7.16-7.13 (2H, m, Ar-H), 7.08-7.06 (2H, m, Ar-H), 6.52 (1H, s, =CH>), 4.75 (1H, s, Ar-CH),
2.33 (3H, s, COCH3), 1.58 (3H, s, PhCH;); 'H NMR (400 MHz, CDCls, TMS) for anti-3k: &
8.05-8.03 (2H, m), 7.64-7.51 (5H, m), 7.31-7.29 (2H, m), 6.23 (1H, s), 6.16 (1H, s), 4.86 (1H, s),
2.26 (3H, s), 1.45 (3H, s); °C NMR (100 MHz, CDCl) for syn-3k: & 198.3, 179.7, 160.2, 146.2,
135.1, 133.4, 132.8, 131.0, 128.7, 128.5, 128.1, 127.8, 125.5, 72.9, 48.9, 25.5, 22.5; >C NMR (100
MHz, CDCly) for anti-3k: & 179.6, 179.7, 160.5, 147.4, 136.9, 133.2, 133.0, 131.1, 128.9, 128.6,
128.3, 127.9, 125.6, 72.0, 47.0, 25.3, 23.9; MS (EI) m/z (%) 367 (2.11) [M'], 339 (1.06), 195
(19.54), 193 (58.52), 158 (3.08), 151 (3.21), 141 (2.81), 115 (21.09), 105 (69.94), 77 (44.95), 43
(100); HRMS (EI(syn-3k)) Calcd for C,;HsCINO; [M'] requires 367.0975, Found 367.0973; MS
(ESI(anti-3k)) m/e 368 (M'+H); HRMS (ESI) for C, H;oNO;Cl (M'+H): 368.1057, Found:
368.1048; The ee of the syn-diastereomer was determined to be 97% [determined by HPLC,

Chiralpak AD-H, n-hexane/isopropanol = 90:10, 0.7 mL/min, A = 230 nm, t (major) = 9.13 min, t
(minor) = 12.97 min]; The ee of the anti-diastereomer was determined to be 90% [determined by
HPLC, Chiralpak IC-H, n-hexane/isopropanol = 95:5, 0.7 mL/min, A = 230 nm, t (major) = 15.92
min, t (minor) = 17.68 min].

'"H NMR (400 MHz, CDCl3, TMS) for the crude product
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"H NMR (400 MHz, CDCl3, TMS) for the syn-diastereomer
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(S)-4-methyl-4-((R)-2-methylene-3-oxo0-1-p-tolylbutyl)-2-phenyloxazol-5(4H)-one 31: Following
the general procedure, the syn/anti ratio (10:1) was determined by '"H NMR spectroscopic analysis
of the crude product (6 major: 4.75 ppm, 6 minor: 5.29 ppm). The mixture was purified by column
chromatography using silica gel to give a mixture of diastereoisomer along with trace amount of
impurity (31 mg, 90% overall yield in a diastereomeric ratio = 10:1); a white solid. m.p. for syn-31 =
113-114 °C; [0]*°p (syn-31) = +13.2 (c 0.9, CHCl3). IR (CH,Cl,): v 2924, 1820, 1672, 1651, 1450,
1289, 1170, 1008, 969, 900, 814, 721 cm™'; '"H NMR (400 MHz, CDCl; TMS): § 7.90-7.8 (2H, m,
Ph-H), 7.57-7.53 (1H, m, Ph-H), 7.47-7.43 (2H, m, Ph-H), 7.21 (1H, s, =CH,), 7.09 (2H, dd, J, =
6.4 Hz; J, = 2.0 Hz, Ar-H), 6.90 (2H, d, J= 7.6 Hz, Ar-H), 6.45 (1H, s, =CH,), 4.75 (1H, s, Ar-CH),
2.32 (3H, s, COCH3), 2.17 (3H, s, ArCH3), 1.58 (3H, s, PhCH3); *C NMR (100 MHz, CDCl3) for
syn-31: 6 198.5, 180.0, 160.0, 146.6, 137.0, 133.4, 132.5, 129.4, 128.7, 128.6, 128.1, 127.8, 125.8,
73.2,49.2, 25.5, 22.5, 20.9; MS (El(syn-31)) m/z (%) 347(1.42) [M], 319 (1.82), 173 (74.97), 141
(3.11), 131 (14.80), 115 (12.13), 105 (37.01), 97 (3.87), 77 (34.49), 43 (100); HRMS (EI) Calcd for
CoH1NO;3 [M+] requires 347.1521, Found 347.1523; The ee of the syn-diastereomer was
determined to be 96% [determined by HPLC, Chiralpak AD-H, n-hexane/isopropanol = 90:10, 0.7
mL/min, A =230 nm, t (major) = 8.52 min, t (minor) = 11.32 min].

"H NMR (400 MHz, CDCl3, TMS) for the crude product
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(R)-4-((R)-1-(4-bromophenyl)-2-methylene-3-oxobutyl)-2,4-diphenyloxazol-5(4H)-one 3m:
Following the general procedure, the syn/anti ratio (7:1) was determined by 'H NMR spectroscopic
analysis of the crude product (8 major: 6.25 ppm, & minor: 6.22 ppm). The mixture was purified by
column chromatography using silica gel to give a mixture of diastereoisomers along with trace
amount of impurity (40 mg, 85% overall yield in a diastereomeric ratio = 7:1); a white solid. m.p.
for syn-3m = 93-95 °C; [0]*p (syn-3m) = -192.6 (c 0.6, CHCl3). IR (CH,Cl,): v 2922, 1809, 1650,
1486, 1449, 1365, 1324, 1297, 1065, 1011, 988, 961, 925, 905, 883, 814, 786 cm™; 'H NMR (400
MHz, CDCls, TMS): 6 7.97 (2H, d, J = 7.2 Hz, Ar-H), 7.65-7.58 (3H, m, Ar-H), 7.49 (2H, t, J = 6.8
Hz, Ar-H), 7.35-7.20 (7H, m, Ar-H), 7.07 (1H, s, =CH,), 6.25 (1H, s, =CH>), 5.37 (1H, s, Ar-CH),
2.12 (3H, s, COCH3); *C NMR (100 MHz, CDCls) for syn-3m: 8 198.1, 177.7, 161.0, 145.5, 136.8,
134.8, 133.1, 131.9, 131.1, 129.3, 128.9, 128.7, 128.4, 128.0, 126.0, 125.3, 121.9, 77.4, 50.6, 25.4;
MS (El(syn-3m)) m/z (%) 428.(56.76) [M'-COCH;], 386 (100.00), 307 (16.38), 304 (37.96), 227
(16.95), 202 (88.69), 193 (10.03), 173 (21.15), 152 (16.34), 105 (67.55), 77 (37.81), 43 (56.29);
HRMS (EI) Calcd for CysHzoBrNO; [M'] requires 473.0627, Found 473.0625; The ee of the
syn-diastereomer was determined to be 92% [determined by HPLC, Chiralpak AD-H,
n-hexane/isopropanol = 90:10, 0.7 mL/min, A = 230 nm, t (major) = 13.75 min, t (minor) = 14.80
min].

'"H NMR (400 MHz, CDCl3;, TMS) for the crude product
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'"H NMR (400 MHz, CDCl3, TMS) for the syn-diastereomer
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(8)-4-isopropyl-4-((R)-2-methylene-3-oxo-1-(thiophen-2-yl)butyl)-2-phenyloxazol-5(4H)-one

3n: Following the general procedure, the syn/anti ratio (12:1) was determined by 'H NMR
spectroscopic analysis of the crude product (6 major: 5.35 ppm, 8 minor: 5.70 ppm). The mixture
was purified by column chromatography using silica gel to give a mixture of diastereoisomers along
with trace amount of impurity (35 mg, 95% overall yield in a diastereomeric ratio = 12:1); a white
solid. m.p. for syn-3n = 78-80 °C; [a]*p (syn-3n) = -79.5 (¢ 0.4, CHCl;). IR (CH,Cl,): v 2922, 1817,
1653, 1622, 1451, 1427, 1390, 1361, 1336, 1322, 1293, 1254, 1234, 1198, 1156, 1111, 1069, 1042,

1020, 967, 904, 879, 856, 783 cm™; 'TH NMR (300 MHz, CDCls, TMS) for syn-3n: & 7.96-7.92 (2H,
-857-
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m, Ph-H), 7.59-7.54 (1H, m, Ph-H), 7.49-7.44 (2H, m, Ph-H), 7.21 (1H, s, =CH,), 7.01 (1H, d, J =
7.2 Hz, thiophen-H), 6.94 (1H, d, J = 3.0 Hz, thiophen-H), 6.76 (1H, dd, J, = 6.8 Hz; J, = 3.2 Hz,
thiophen-H), 6.47 (1H, s, =CH,), 5.35 (1H, s, Ar-CH), 2.32-2.45 (4H, m, COCHj3;, CH(CHs),), 1.09
(3H, d, J = 6.6 Hz, CH(CH3),), 0.84 (3H, d, J = 6.6 Hz, CH(CH3),); >*C NMR (75 MHz, CDCl;) for
syn-3n: & 197.8, 178.0, 160.9, 146.7, 140.3, 132.6, 129.4, 128.7, 128.0, 127.9, 126.3, 125.7, 80.3,
41.6, 32.6, 25.5, 17.6, 15.4; MS (El(syn-3n)) m/z (%) 367 (1.45) [M'], 339 (1.65), 324 (2.02), 165
(89.62), 123 (23.90), 105 (57.74), 97 (3.87), 77 (43.30), 57 (6.77), 43 (100); HRMS (EI) Calcd for
Cy1H2NO3S [M'] requires 367.1242, Found 367.1248; The ee of the syn-diastereomer was
determined to be 95% [determined by HPLC, Chiralpak AD-H, n-hexane/isopropanol = 90:10, 0.7
mL/min, A =230 nm, t (major) = 6.91 min, t (minor) = 8.57 min].

'"H NMR (400 MHz, CDCl3, TMS) for the crude product
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3C NMR (75 MHz, CDCl3, TMS) for the syn-diastereomer
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(S)-4-isopropyl-4-((R)-3-methylene-4-oxopentan-2-yl)-2-phenyloxazol-5(4H)-one 3o:

Following the general procedure, the syn/anti ratio (7:1) was determined by '"H NMR spectroscopic
analysis of the crude product (6 major: 0.76 ppm, & minor: 0.68 ppm). The mixture was purified by
column chromatography using silica gel to give a mixture of diastereoisomers along with trace
amount of impurity (30 mg, 96% overall yield in a diastereomeric ratio = 7:1); a colorless liquid.
[a]*%p = +16.9 (¢ 1.0, CHCL3). IR (CH,Cl): v 2965, 2916, 1817, 1774, 1681, 1655, 1580, 1451,
1371, 1336, 1321, 1293, 1261, 1163, 1094, 1022, 954, 920, 880, 799, 761 cm™; "H NMR (400 MHz,
CDCl;, TMS): & 7.98-7.95 (2H, m, Ar-H), 7.59-7.54 (1H, m, Ar-H), 7.50-7.46 (2H, m, Ar-H),
7.36-7.32 (0.5H, (anti-30), m, Ar-H), 6.23 (0.14H (anti-30), s, =CH,), 6.20 (1H, s, =CH>), 6.18 (1H,
s, =CH,), 5.91 (0.14H (anti-30), s, =CH>), 3.89 (0.14H (anti-30), dd, J, = 11.6 Hz; J, = 3.2 Hz,
CH,CH), 3.69 (1H, dd, J; = 11.6 Hz; J, = 4.0 Hz, CH,CH), 2.92-2.85 (0.14H (anti-30), m),
2.30-2.20 (4.4H, m, CH(CHj3),, COCH3), 1.69-1.51 (2H, m, CH3CH>), 1.33-1.28 (0.28H (anti-30),
m, CH3CH,), 1.23 (0.42H (anti-30), d, J = 6.8 Hz, CH(CH3),), 1.19 (0.42H (anti-30), d, J = 6.8 Hz,
CH(CHj3),), 0.97 (3H, d, J = 6.8 Hz, CH(CH3),), 0.89 (3H, d, J = 6.8 Hz, CH(CHs),), 0.76 (3H, t, J
= 7.2 Hz, CH3CH,), 0.68 (0.42H (anti-30), t, J = 7.2 Hz, CH3;CH,); >C NMR (CDCl;, 100 MHz): &
(major) 199.3, 179.5, 159.5, 148.0, 132.6, 128.7, 127.8, 126.2, 125.7, 80.2, 41.8, 32.3, 25.7, 22.6,
16.8, 16.6, 11.5; MS (EI) m/z (%) 313 (1.43) [M'], 271 (4.10), 242 (8.07), 203 (11.73), 188 (2.29),
174 (3.13), 155 (1.12), 105 (100), 77 (24.27), 57 (11.42), 43 (25.48); HRMS (EI) Calcd for
Ci19oH;3NO; [M'] requires 313.1678, Found 313.1679; The ee of the syn-diastereomer was

determined to be 85% [determined by HPLC, Chiralpak IC-H, n-hexane/isopropanol = 99:1, 0.5
-850-
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'"H NMR (400 MHz, CDCl3, TMS) for the crude product
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Cl 3p
Methyl
2-((R)-(4-chlorophenyl)((S)-4-isopropyl-5-oxo-2-phenyl-4,5-dihydrooxazol-4-yl)methyl)acrylate
3p: To a mixture of 1p (0.11 mmol, 36 mg), 2a (0.10 mmol, 21 mg) and catalyst L2 (13 mg, 0.020
mmol) was added 1.0 mL of THF at room temperature under argon. The resulting mixture was
heated to 40 °C and monitored by TLC. After the reaction complete, the solution was concentrated
under reduced pressure and the residue was further purified by silica gel column chromatography
(EtOACc/PE = 1/20) to give the target product 3p (13 mg, 32% yield), a white solid, m.p. for syn-3p
= 98-100 °C. The syn/anti ratio (2:1) was determined by 'H NMR spectroscopic analysis of the
crude product (8 major: 2.79 ppm, & minor: 2.62 ppm). [a]*’b (syn-3p) -100.3 (¢ 0.6, CHCL;). IR
(CH2ClLy): v 2967, 1772, 1717, 1649, 1491, 1441, 1408, 1386, 1157, 1122, 1090, 1071, 1013, 1002,
969, 947, 921, 885, 782 cm™; 'H NMR (400MHz, CDCls, TMS) for syn-3p: & 7.52-7.50 (2H, m),
7.33-7.31 (3H, m), 7.21 (4H, s), 6.49 (1H, s), 5.23 (1H, s), 3.65 (3H, S) 2.79 (1H, qu, J = 6.8 Hz,
-CH(CH3),), 1.21 (3H, d, J = 6.8 Hz, -CH(CHs),), 1.08 (3H, d, J = 6.8 Hz, -CH(CHjs),); °C NMR
(CDCl3, 100 MHz) for syn-3p: & 169.3, 166.5, 163.4, 137.4, 136.6, 133.7, 132.0, 130.3, 129.0,
128.4, 128.2, 126.7, 106.8, 53.4, 52.3, 28.0, 18.9, 18.7; MS (El(syn-3p)) m/z (%) 411 (1.64) [M],
308 (14.13), 266 (5.64), 209 (69.26), 177 (4.46), 149 (38.93), 130 (13.74), 115 (22.47), 105
(100.00), 77 (33.65), 59 (11.86); HRMS (EI) Calcd for C,3HnCINO, [M'] requires 411.1237,
Found 411.1248; The ee of the syn-diastereomer was determined to be 86% [determined by HPLC,
Chiralpak AD-H, n-hexane/isopropanol = 95:5, 0.7 mL/min, A = 230 nm, t (major) = 11.42 min, t

(minor) = 10.17 min].

"H NMR (400 MHz, CDCl;, TMS) for the crude product
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General procedure for the hydrolysis of addition products 3j and 3b to the corresponding
amino acid.

HOOC. NH,* CI
e 'e)
conc. HCI R '‘Bu
MeCN/DCM, rt, 2 d
75% Br

' syn-3j (92% ee)
The addition product syn-3j (30 mg, 60 pumol) was dissolved in mixed solvent of MeCN/DCM (0.20

mL/0.10 mL), then 0.10 mL conc. HCl was added. The resulting mixture was stirred at room
temperature for two days. The solvent was removed under reduced pressure and the residue was
purified by column chromatography on SiO, gel (DCM/EtOH = 40/1 ~ 10/1 as eluent) to give the
corresponding amido acid 4j as white solid (18 mg, 45 pumol, 75% yield).m.p. 95-97 °C; [0]*’p =
+75.2 (¢ 0.7, CHCl3). IR (neat): v 2954, 2922, 2851, 1815, 1697, 1487, 1464, 1382, 1328, 1211,
1154, 1106, 1073, 1009, 909, 821 cm™'; 'H NMR (300 MHz, CDCls, TMS):  7.42 (2H, d, J = 8.4
Hz), 6.98 (2H, d, J = 8.4 Hz), 5.54 (1H, s), 5.01 (1H, s), 3.81 (1H, s), 2.31-2.04 (4H, m), 1.80-1.75
(1H, m), 1.42-1.29 (1H, m), 0.92 (3H, d, J = 6.6 Hz ), 0.86 (3H, d, J = 6.6 Hz); *C NMR (CDCl;,
75 MHz): 6 172.5,170.8, 152.8, 139.9, 131.1, 130.8, 119.9, 111.8, 84.6, 58.1, 48.3, 25.0, 24.6, 23.5,
15.6; MS (ESI) m/e 350 (M-H,O-HCI)"; HRMS (ESI) for C;7H, NO,Br (M-H,O-HCI)": 350.0750,
Found: 350.0757.

S ko = WD WD MWD o O — P DD WD WD D
o e B R R o Rl = e
e R R e e S e R G ]
B R ===

5.4536
5.008
3813
3361

— T
T 7408
Y
T 596t

229 A4 — =
T T T T T T T
7 B a 4 3 2 1 o
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= m

152,798
139.861
119.871
111.83
84 B
9812
4831

—— 172475

——— 170781
1312
T Te— 13077

T T T T T T T T T T T T T T T T T T T T T
200 150 100 50 u} PP

3.0 MHCI

1,4-dioxane, rt, 8 h
67% (based on the recovered

starting material
(conversion : 40 "Z) Br
syn-3b (97% ee) 4b

The addition product syn-3b (65.0 mg, 148 pumol) was dissolved in 500 uL 1,4-dioxane, then 80.0

uL, 3.0 M HCI aqueous solution was added. The resulting mixture was stirred at room temperature
for 8 hours. The solvent was removed under reduced pressure and the residue was purified by
column chromatography on SiO, gel (DCM/EtOH = 40/1 ~ 20/1 as eluent) to give the
corresponding amino acid derivative 4b as white solid (18.0 mg, 39 pumol, 67% yield based on the
recovered 3b, 39.0 mg starting material was recovered). m.p. 139-141 °C; [0]*’p = +28.3 (¢ 0.9,
CHCL). IR (CH,Clp): v 2927, 2855, 1780, 1714, 1674, 1520, 1487, 1394, 1365, 1264, 1218, 1074,
1011, 895, 801 cm™; 'H NMR (300 MHz, CDCls, TMS): & 8.51 (1H, bs), 7.87 (2H, d, J = 7.2 Hz),
7.57 (1H, d, J=6.8 Hz), 7.48 (2H, d, J= 6.8 Hz), 7.36 (2H, d, /= 8.7 Hz), 7.22 (2H, d, J = 8.7 Hz),
6.43 (1H, s), 5.12 (1H, s), 4.78 (1H, bs), 2.81 (1H, qu, J= 7.2 Hz), 2.39 (3H, s), 1.08 3H, d,J=7.2
Hz ), 1.05 (3H, d, J = 7.2 Hz); °C NMR (CDCls, 100 MHz): & 202.1, 169.6, 162.5, 147.6, 137.9,
133.8, 132.9, 132.2, 131.4, 130.8, 128.8, 127.3, 121.0, 72.6, 51.2, 33.4, 26.8, 18.7, 18.0; MS (ESI)
m/e 458 (M'+H); HRMS (ESI) for C23H,sNO4Br (M'+H): 458.0952, Found: 458.0961.
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HPLC spectra:

HPLC REPORT

Sample Name: yyl-9-38
Column: AD-H
Velocity (mL/min): 0.7

Date: ####
Mobile Phase: hex/ipr = 90/10
Detection Wavelength (nm): 230

0.14
0.125
0.105 2
. 0.08—; i
0.06-
0.045
o.ozé
000 —
6.00 6.50 7.00 7.50 20 8.50 9.00 9.50 10.00
NO R. Time Peak Area Percent  Peak Height
1 6.950 840267 50.11 85140
2 8.371 836746 49.89 70979

Chiral HPLC report: racemate (syn-3a)
HPLC REPORT

Sample Name: yyl-9-87 Date: ####

Column: AD-H
Velocity (mL/min): 0.7

-S66-
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0.30-
025 -
0.20- ©
30.15—?
0.10-
o.os—f N
OOOOOAO
6.00 6.50 7.00 7 50 8.00 8.50 9.00 9.50 10.00
oo
NO R. Time Peak Area Percent Peak Height
1 6.988% 5098447 98.41 261670
2 8576 82534 1.59 5082

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A =230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 8.57 MIN, tysjor = 6.98 min; ee% = 97.

HPLC REPORT
Sample Name: yyl-9-64-2 Date: ###
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
0.010+
0.008-

0.006-

0.004-

AU

0.002-

0.000-

10002
700 750 800 850 9.00 950 10.00 10.50 11.00
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NO R. Time Peak Area Percent  Peak Height
1 8.424 98792 51.47 7409
2 8.991 93152 48.53 6696

Chiral HPLC report: racemate (anti-3a)
HPLC REPORT
Sample Name: yyl-9-96-2 Date: ####

Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230

0.20-
0.18
0.16-
0.14

9.237

0.12
0.10
0.08
0.06
0.04

AU

8.654

0.02
0.00

700 750 800 850 900 950 1000 10.50  11.00

NO R. Time Peak Area Percent Peak Height
1 8.854 105468 5.95 6695
2 9.237 1668272 94.05 104513

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A =230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 8.85 MIN, tysjor = 9.23 min; ee% = 88 (using L4 as a chiral ligand).
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HPLC REPORT

Sample Name: yyl-9-89-2 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230

0.20+
0.18
0.16

9.405

0.14
0121
0.10-
0.08
0.06
0.04-
0.02-
0.00

700 750 800 850 900 950 1000 1050 11.00

AU

8.812

NO R. Time Peak Area Percent Peak Height
1 8.812 114653 5.04 6681
2 9.405 2161814 94.96 12.8299

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;
tminor = 8.81 Min, tysjor = 9.40 min; ee% = 90 (using L2 as a chiral ligand in DMF).
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HPLC REPORT

Sample Name: yyl-10-14 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230

0.060

0.0501

0.0401

7.167
8.407

- 0.030
< 4

0.020

0.010

0.000+ pay

000 200 400 600 800 1000 12.00 1400 16.00 18.00 20.00
00

NO R. Time Peak Area Percent Peak Height

1 7.167 476710 50.38 26700

2 8.407 469426 49.62 32299

Chiral HPLC report: racemate (syn-3b)

HPLC REPORT
Sample Name: yyl-10-13 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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0.20+
0.18]

0.161
0.14] N
0.12]

2010
0.08-
0.06-
0.04-

0.02- J L

0,00 ——— ) Lo

000 200 400 600 80

58612

1000 1200 1400 1600 1800 20.00
oo

o

NO R. Time Peak Area  Percent  Peak Height
1 7.279 2212527 98.27 169606
2 8.612 38987 1.73 2767

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 8.61 Min, ty,jor = 7.28 min; ee% = 97.
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HPLC REPORT
Sample Name: yyl-10-16 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
0.060-
o.oso—f
0.0405 = g
5 0.030—? T o
< ]
0.020-
0.010-
O-OOGf Sk —n

000 200 400 600 800 1000 1200 1400 16.00 18.00 20.00

gd
NO R. Time Peak Area Percent ~ Peak Height
1 9.531 557139 50.06 29268
2 12.438 555823 49.94 28097

O,N
Chiral HPLC report: racemate (syn-3c)

HPLC REPORT
Sample Name: yyl-10-15 Date: ###
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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0.40] ﬁ

0.30-
< 0.20-
0.10- .
0.00- s
R U e
0.00 2.00 4.00 6.00 800 10.00 12.00 14.00 16.00 18.00
HRN
NO R. Time Peak Area Percent  Peak Height
1 9.767 7780443 98.91 413858
2 12.363 85683 1.09 4141

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 12.36 min, taior = 9.77 min; ee% = 98.

-S74-



Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2011

Z010—07-17, Z0:-23:-06

D WHPLC\EHEER \yyl—10—65—20—AT—

HE (vy1-10-909-2-AD-230nm—0. 5-90-10.

orgl

=

T
an

T
3B 33

T
34

3 32

1,000

(A S]]

1
1
1
.
!
1
1
.
1
!
"
1
L
1
1
!
i
T
i
1
1
................ e
1
\
e
1 1
\ \
1 1
=
- aer L
1 1 E
! |
[re
1 i el
1 1
. R T.mrm_.
1 1
1 1 —m-
1 ! T
- " rnaum.
1 1 ™
1 1 .ﬂr_
! ! !
I oL Jooo- Lo
\ \ \ ' =
1 1 1 1 1
|||||||||||||||||||||||||| [N A
1 1 1 1 1 1 -
' ! ! ! ' !
...................... L [ N N
| I L] I 1 I [} I 1 I —
I ! ' ! ' ! ! ! ' !
| 1 L] 1 1 1 1 1 1 1
[ ,llll_ R -Illl_ R _I|||_ _II||_|I _|II 1 |D
bl r b r b r b r b e
| 1 1 1 1 1 1 1 1 1
| 1 L] 1 1 1 1 1 1 1
| 1 1 1 1 1 | 1 1 1
o S e . )
- T T
I \ ' \ ' \ \ \ ' \
IR D EE I B R I I I R _\wﬁ
I \ ' \ ' \ \ \ ' \
| 1 L] 1 1 1 1 1 1 1
I ! ' ! ' ! ! ! ' !
CEER LR FERNE CEE R R E Y CEER RN T PEEY 1 N )
T A
I ! ' ! ' ! ! ! ' !
EE e CE T R L R TEEEN EEFE LT T e
| 1 L] 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1 1 1
| 1 L] 1 1 1 1 1 1 1
! | 1 | ' ! ! ! I =0
= = = (=] [=] = (=] = = (=]
[m] [ [m ] (=] [m] [m] (=] ] ]
] e [ L=] 5] o o 3] —

Sk RE

X E AR

T152571. 500

]
305499 000

== wlmE

e

ly

49. 81

20, 440
21. 887

—

50. 18

7204995, 500

2B9557. 531

100, M

14367567, 000

5950686. 531

-3¢)

racemate (anti

Chiral HPLC report
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200U =TS L TR 3a T
EFEI(E]- 20100717, 20-54°45 e
BE D \HPLC\ 35 i85y 1-10-100—2-AD-230n=—0. 5-30-10. org ﬁ%lﬁ'mi; 2010-07-20, 13:30:38

oAk

EHA—E

E£iFHE (vv1-10-100-2-AD-230nm-0. 5-90-10. org)

L I S
asof- bbb
400 :
250
00
_:E:»zsu-
= 200
150
100
50
od---
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
B 18] Gmin)
SR E
S EEF FERME s EL =8
1 20. 542 T050. 819 170989, 484 2. 7903
2 21. 785 233625, 060 5057092, 000 97. 2097
=t 240676, T8E 6128081, 484 LO0. 0000

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.5 mL/min;

tminor = 20.54 min, tajor = 21.78 min; ee% = 94.
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HPLC REPORT
Sample Name: yyl-10-17 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
0.10-
0.08-
0.06- o
= o =
< N
0.04- ©
0.02]
0.00- o K
000 100 200 300 400 500 600 7.00 800 900 10.00 11.00 12.00
od

NO R. Time Peak Area Percent Peak Height

1 6.740 711099 49.78 33471

2 7.712 717438 50.22 44287

Chiral HPLC report: racemate (syn-3d)

HPLC REPORT
Sample Name: yyl-10-19 Date: ###
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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0.25;

0.20-
0.15-

2
<
0.10-

0.05
0'007 1 T T T T T[T T T T

000 100 200 300 400 500 600 7.00 800 9.00 1000 11.00 12.00

$7.781

ray

oo
NO R. Time Peak Area Percent Peak Height
1 6.777 5040258 97.86 237452
2 7.781 110022 2.14 6420

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 7.78 MIN, tysjor = 6.78 min; ee% = 96.

-S78-



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

HPLC REPORT
Sample Name: yyl-10-20 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
0.050
0.0405
0.030° 3 o
= 0.020—?
o.o1o—f
o.ooof —
000 100 200 300 400 500 600 7.00 800 9.00 10.00 11.00 12.00
ggd
NO R. Time Peak Area Percent  Peak
Height
1 7.078 442027 49.99 21469
2 8.695 442129 50.01 27315
Chiral HPLC report: racemate (syn-3e)
HPLC REPORT
Sample Name: yyl-10-21 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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0.10

0.08-

0.06-

u

< 4
0.04+

0.02] ©
il Te}
] ©
0.00 L ©

0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.60 10100 11‘.00 12.00

od
NO R. Time Peak Area Percent Peak Height
1 7.023 1776713 97.63 89037
2 8.576 43154 2.37 2991

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 8.57 mMin, tpaior = 7.02 min; ee% = 95.
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HEl: 2010-07-18, 16-36:01 b
“E D \HPLC\ BRI \ppl-11-0-2-1C-230n=—0. 3-85-5. erg FEETE:  2010-07-20, 19:40:09
HaFiZ - EfRE—i=E

EEHE (yyl-11-2-2-IC-2300uw 0. 3-95- 5. wrg)
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1 223 45 6 7 & 9101121731415 16 17 181920 212223 24252627 262930 31 3233 3435
B (€] Gmin}

= =21 B a8l = & i =8
1 31. 007 55109. 084 3286742. 000 06. 8823
2 33. 357 2548. 502 104802. 445 3. 1177

B3t B7748. 486 3361544. 445 100. 0000

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
IC column; A = 230 nm; eluent: Hexane/Isopropanol = 95/5; Flow rate: 0.3 mL/min;

tminor = 33.33 min, tajor = 31.09 min; ee% = 94.
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Sample Name:yyl-10-38rac ic 99.che Date:2010-05-18
Time:11:08 Method:

ﬁ
column: Zé— the mobile phase: Q‘Q ? /
Velocity: j# &7 the detection wavelength: ‘13 >

my

3004

15. 227

1501

100

n
8
T
=8 \

50+

.

i [\
o .LL\ I A S J N\
o 4 ] 12 16 'y 4 28 2 3 40
No. PeakMo R Time  PeakHeight PeakArea PerCent

1 1 15,227 254851. 7 6365826. 9 49. 7065
2 2 39,277 104389. 1 6441009, 6 50. 2935
Total 359240. 8 12806836. 5 100. 0000

Br

Chiral HPLC report: racemate (syn-3f)
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HPLC REPORT

Sample Name:yyl-10-22. che Date:2010-05-18

Time:10:06

Method:
column: the mobile phase:
Velocity: the detection wavelength:
m
o0
800 .
I3
]
00 \
|
400
e
1 1
by =] \
| { |
1|;|.:|. E . '|
e A | A N
2 H ' 3 " ) 2 an P » o 1 2 s 81
L
Ko, PeakMe R.Time F‘uh.Hni'JEt. _I_:‘,!Hur.‘ Parlant
1 1 15627 12523.8 580098, 7 1. 7000
2 2 M.amT 511550. 0 4063365, 0 048, 3000
Tatal 5314073. 8 4652463, 7 104, G000

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak

IC column; A = 230 nm; eluent: Hexane/Isopropanol = 99/1; Flow rate: 0.7 mL/min;

tminor = 39.97 min, tajor = 15.63 min; ee% = 97.
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HPLC REPORT

Sample Neme:yyl-10-3Trac ad250 95. che Date:2010-05-17
Time:15:39 Method:
column: WCLW the mobile phase: ?%
Yelocity: the detection wavelength: =
& 7 e
T
pres)
240
i
Ll
"t J
1-:-1 g -
1] I M
0o o
wl il I
e | | |
%0 | | I
» AR
| L . Y B V. e —
R T T 1 1 [1 7 1 3 © 1
din
Vo Peakdlo RTime  Poakiieight  Peakhrea  PorCent
1 1 7,685 129762, 3 1256826, 3 50. 35942
2 2  B.452 117965, 8 1Z3T164. 5 49. G058
Taral 4T 2403890, § 100 000

FaC
Chiral HPLC report: racemate (syn-3g)
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HPLC REPORT

Sanpie Name:yyl=10=23. che Dave:2010-05-17
Time: 16:40 Method:
colunn: the mobile phase:
Velocity: the detection wavelength:
v :
[ -2
500
00
05 £
=00 T
405 i
] |
004 il
004 [
- [| @
o LY
1 1 ) 3 H H & T s @ 10 1" KT}
Ko, PeakMo R, Time Pankiaight Paakiraa ParCant
1 1 7.718 531339, 9 S0053149. 2 OE. 1378
2 2 B. 452 43746 94979, 6 1. BR22
Toial 540704, 6 5100258 8 100, D000

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak

AD column; A = 230 nm; eluent: Hexane/Isopropanol = 95/5; Flow rate: 0.7 mL/min;

tminor = 8.45 MIN, ty,jor = 7.72 min; ee% = 96.
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HPLC REPORT

Sample Name: yyl-10-41 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230

0.080-
0.070-
0.060-
0.050-
2 0.040-
0.030-
0.020-

0.010-
0.000- ngxg

\ / /
[ AN AN

000 200 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00

16.297

NO R. Time Peak Area Percent  Peak Height
1 7.034 1484249 50.30 78970
2 16.297 1466305 49.70 53796

OCH,

Chiral HPLC report: racemate (syn-3h)

HPLC REPORT
Sample Name: yyl-10-43 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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] ¥
0.08 T
0.06

2

0.04+

0.02

(3]

: S

1 =
o.ooQTuyJ o

B L A e e L o o B By e
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

NO R.Time Peak Area Percent Peak Height
1 7.213 1591978 99.99 94766
2 17.783 220 0.01 20

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 17.78 min, tyajor = 7.21 min; ee% = >99.
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HPLC REPORT
Sample Name: yyl-10-40 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
0.08]
0.06 ;
 0.04]
0.02]
Ji—
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
NO R. Time Peak Area Percent Peak Height
1 5.368 1244917 51.64 55442
2 8.330 1165709 48.36 93601

CF;
Chiral HPLC report: racemate (syn-3i)

HPLC REPORT
Sample Name: yyl-10-42 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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0.16
0.14+
0.121

0.10
20.08]

0.06-

0.04]
0.02] L
0.00 AJ o
000 200 400 6.00 800 10.00 12.00 14.00 16.00 18.00 20.00 22.00

> 8.7
PP>-2.780

NO R. Time Peak Area Percent = Peak Height
1 5.384 3673036 98.34 161115
2 8.780 62086 1.66 6066

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 8.78 MIN, tysjor = 5.38 min; ee% = 97.
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HPLC REPORT
Sample Name: yyl-10-48 Date: ####
Column: AD-H Mobile Phase: hex/ipr=90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
0.20]
0451
3 el
0.051
LA
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
NO R. Time Peak Area Percent  Peak Height
1 7.508 2694445 50.12 214074
2 9.085 2681332 49.88 197973

Chiral HPLC report: racemate (syn-3j)

HPLC REPORT
Sample Name: yyl-10-49 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230

-S91-



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

|
0.15]
2 0.10]
s -
000 <><>Tj\<>
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
NO R.Time Peak Area Percent  Peak Height
1 7.550 3654600 95.46 206594
2 9.141 173792 4.54 10746

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 9.14 MIN, ty,jor = 7.55 min; ee% = 91.
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: racemate (anti-3j)

Chiral HPLC report
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A o is . M =

EiFEE (yyv1-11-7T-2-1-new-I1C-230nm-0. 3-98-2. org)

5i10-)
450
400
350
. 300
: ]
= 250]
=
200 -
150
100
50
S S N
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 35 35 40 42 44 45 48 50 52 54 58 58 60
BHET fmam
TRERE
= [ - F-24 ] S e i =5
1 41. 215 360279, 219 18047374, 000 99. 1099
2 51. 3683 2385, 264 162076, 518 0. 8901
(= a 362664, 482 18209450, 516 100, 0000

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak

IC column; A = 230 nm; eluent: Hexane/Isopropanol = 98/2; Flow rate: 0.3 mL/min;

tminor = 51.36 min, tajor = 41.25 min; ee% = 98.
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HPLC REPORT
Sample Name: yyl-10-50 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
025
|
0.15]
2 .
A
S —— S ——— S m—
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
NO R.Time Peak Area Percent Peak Height
1 9.030 3982662 50.46 248157
2 12.963 3910095 49.54 215043

Chiral HPLC report: racemate (syn-3k)

HPLC REPORT

Sample Name: yyl-10-51 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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0.30+
0.25- i
0.20-
<DE 0.15—E
0.107
0.057 \ 5
0-005 J > ’P
L L L T O L LA S I L B R B
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
0
NO R. Time Peak Area Percent Peak Height
1 9.131 4267822 98.32 286796
2 12.977 72999 1.68 3811

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 12.97 min, taior = 9.13 min; ee% = 97.
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: racemate (anti-3K)

Chiral HPLC report
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200+
180
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Ol r sl R B I e S e B B e e I L A
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e = & ad el e e E A =wE
15. 917 87196. 570 1784704, 875 94. 4651
17. B20 3247. 704 104568, TEE 5. 5340
91044 265 IBS92T3. 641 L0, D000

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak

IC column; A = 230 nm; eluent: Hexane/Isopropanol = 95/5; Flow rate: 0.7 mL/min;

tminor = 17.68 min, tmajor = 15.92 min; ee% = 90.
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HPLC REPORT
Sample Name: yyl-10-52 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
0.14
0.121 E
0.10-
2 0.08+
0.06+
0.04
0.02 ! \ l
0.00 JAY A A
0.00 - 2.60 o ‘4.‘00 - 6.60 - 8.b0 o ‘10‘.00‘ | ‘12‘.00‘ | ‘14‘.00‘
NO R. Time Peak Area Percent Peak Height
1 8.458 2257992 50.04 145742
2 11.224 2254124 49.96 131197
Chiral HPLC report: racemate (syn-31)
HPLC REPORT
Sample Name: yyl-10-53 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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0.16-
0.14-
0.124
0.10

2 0.08-
0.06-

0.04

0.02
0.00

— — ‘ ‘ ‘ — ——T —
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

B — =
11.314

NO R. Time Peak Area Percent Peak Height

1 8.523 2650036 98.21 166994

2 11.314 48375 1.79 2730

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 11.31 min, tpaior = 8.52 min; ee% = 96.
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HPLC REPORT

Sample Name: yyl-10-56 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230

0.18

0.16 ﬁ

0.14

0.12

0.10

% 0.08]
0.06

0.041
0.021 L J
0.00 N\ 4 iy

— —_— T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

NO R. Time Peak Area Percent Peak Height
1 14.059 3922051 49.81 177148
2 15.222 3952340 50.19 159217
Ph
O
ph{
Br

Chiral HPLC report: racemate (syn-3m)

HPLC REPORT
Sample Name: yyl-11-1-1 Date: ####
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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0.06- %
= 0.04-_
<
0.02 o
0.00-
N L L L U L U
0.00 2.00 4.00 6.00 8.0010.0012.0014.0016.0018.0020.0022.00
00
NO R. Time Peak Area Percent = Peak Height
1 13.752 60016 3.83 3252
2 14.802 1505481 96.17 69496

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 13.75 min, tajor = 14.80 min; ee% = 92.
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HPLC REPORT
Sample Name: yyl-10-91 Date:20100406
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
0.25 g %
0.201
_ 0.15]
0.10

0.05] l
0.00 yiY E-A‘LL‘
—

000 200 400 600 800 1000 1200 1400 1600 1800  20.00

NO R. Time Peak Area Percent  Peak Height
1 6.845 4411944 51.06 214922
2 8.477 4228739 48.94 270479

Chiral HPLC report: racemate (syn-3n)

HPLC REPORT
Sample Name: yyl-10-92 Date:20100406
Column: AD-H Mobile Phase: hex/ipr = 90/10
Velocity (mL/min): 0.7 Detection Wavelength (nm): 230
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0.25
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0.05+ o
L o
©

0.00 A

o o ' ' ot v e T o
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

NO R. Time Peak Area Percent Peak Height

1 6.913 5259223 97.28 307423

2 8.562 147025 2.72 10728

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak
AD column; A = 230 nm; eluent: Hexane/Isopropanol = 90/10; Flow rate: 0.7 mL/min;

tminor = 8.56 MIN, tysj0r = 6.91 min; ee% = 95.
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: racemate (syn-30)

Chiral HPLC report
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Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak

IC column; A = 214 nm; eluent: Hexane/Isopropanol = 99/1; Flow rate: 0.5 mL/min,;

tminor = 22.87 min, tyaior = 34.31 min; ee% = 85%.
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Chiral HPLC report: racemate (syn-3p)

B2




FHEETE: 2011-01-05, 15:20:27

[-95-5-230nm. org)

EEE.
HarE ERA—E
D-H-0.

-n

EE (yv1-10-69-1

=)

This journal is (c) The Royal Society of Chemistry 2011

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
ELEETE: 2010-06-19, 11:04:08

B E D \HPLC\ R 2 3B \yy1-10-69-1-AD-H-0. 7-95-5-230n=. org

7 0 T ;
' \ ' ' \
. ' ' .
' \ ' ' \
. ' ' .
QRPN [N U U M
[ ' ' [ 0 O
1 ' 1 1 ' ﬂ [ R N
' ' ' ' == =]
' | ' ' | 0 & = 10
. ' ' . . -
ST S Wl = 5o
\ ' ' \ = a
' \ ' ' \
. ' ' .
' \ ' ' \
' \ ' ' 1
TTAT AT TR T T T
' \ ' ' \
Lo ' | o
o o oo oo
000 BEEERER—— 22388
S T T Ut AU S NUNOUN TR DUNRY ISR HOUPUNE SR B E S o
T ] T ly f N P
1 1 1 1 1 = ]
' i ' ' i ._.m = = e
o [ e
' i ' ' i — L= B
T S S-S -]
1 l v \ l S B9y
' \ ' ' \
1 1 1 1 1 o~ g
' \ ' ' \
' | ' ' |
F-—a---a---r------a
' h ' ' h
' \ ' ' \
' | ' ' |
' \ ' ' \
e O JU ISR TR SRR SRR (SRR N SRR JUpp
1 i i v K
' i ' 1 oo wmoom o 2
' ! ' ' \ = w2
' 1 ' ' 1 i oo
' I ' ' I L e e m
T R - + .HM R
1 l v v _ i l R
. . . o S8
' \ ' ' \ ' \ 5 o m ;
' . ' . w oo o
' ' ' ' I ' I m_x e R
.......................................................... —
I | ' ' | | ' ' | ' ' I I |
' ' . . ' ' . ' ' ' .
' \ ' ' \ \ ' ' \ ' ' ' ' \
' | ' ' | | ' ' | ' ' ' ' |
e i Il e R Sl St el Il Sl el Sl Tl il o Y]
' h ' ' I j ' ' h ' ' ' ' j
' ' . . ' ' . ' ' ' ' .
' \ ' ' \ \ ' ' \ ' ' ' ' \
' ' . . ' ' . ' ' ' ' .
[ T PR SR O T [ T ERIT DEURP SUDIE TUUOE SRR IR Rt 1 I - =
SRR R R e e SRR EEET - Elo =i
' \ ' ' \ \ ' ' \ ' ' ' ' \
' ' ' . . ' ' . ' ' ' . glze 7=
' \ ' ' \ \ ' ' \ ' ' ' ' \ - S
' ' ' 1 1 ' ' 1 ' ' ' 1 Q —
e FE S S U PUPIY SURDI TRUPRE SRR JRO PSP NN SRR | B
i ' h \ \ ' h \ ' ' \
' ' ' . ' ' . ' '
' \ ' ' \ \ ' ' \ ' ' ' ' \
' \ ' ' \ \ ' ' \ ' ' ' ' \
B R R e L e R bt | el 2]
' 1 ' ' 1 j ' ' 1 ' ' ' ' j
' | ' ' | | ' ' | ' ' ' ' |
' \ ' ' \ \ ' ' \ ' ' ' ' \
' | ' ' | | ' ' | ' ' ' ' |
' \ L ' \ . L ' \ ' I ' ' .
‘it Ttk Bkt st il Sk Al thleieailiat Rl Rteliet sty Il Sl At | it
' \ ' ' \ \ ' ' \ ' ' ' ' \
' | ' ' | | ' ' | ' ' ' ' |
' \ ' ' \ \ ' ' \ ' ' ' ' \
' | ' ' | | ' ' | ' ' ' ' | &
1 1 1 1 1 1 1 1 1 1 1 1 1 1 =
(=) (=] (=) (=) (=] (=) (=) (=) (=) (=) (=) (=) (=) (=] (=] (=)
(=] = (=] (=] (=] (=] = (=] (=] (=] (=] (=] (=] [=] (=]
n 9 MM - = & @ ~ @ B o3 oo M-
- = = = = =
5
o s
.ntl_ — 0 0y o=

100. 0000

750

30186491, 7

414

2315133,

-S108-

230 nm; eluent: Hexane/Isopropanol = 95/5; Flow rate: 0.7 mL/min;

it

11.43 min, tpyior = 10.17 min; ee% = 86%.

minor —

Chiral HPLC report: Enantiomeric excess was determined by HPLC with a Chiralpak

AD column; A

t
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The crystal data of 3b have been deposited in CCDC with number 779521. Empirical Formula:
C23H2oBrNOs; Formula Weight: 440.33; Crystal Color, Habit: colorless, prismatic; Crystal
Dimensions: 0.398 x 0.325 x 0.280 mm; Crystal System: Orthorhombic; Lattice Parameters: a =
10.5465(15)A, b = 13.646(2)A, ¢ = 14.694(2)A, o. = 90°, B = 90°, v = 90°, V = 2114.8(5)A’; Space
group: P2(1)2(1)2(1); Z = 4; Deye = 1.383 g/em’; Fogo = 904; Diffractometer: Rigaku AFC7R;
Residuals: R; Ry,: 0.0406, 0.0835.
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