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General Method: All reactions and manipulations were performed using standard Schlenk techniques.
All solvents were purified and dried using standard procedures. 'H and C NMR spectra were recorded
on Varian Mercury 300 MHz or 400 MHz spectrometers. Chemical shifts (6 values) were reported in ppm
(residual chloroform & = 7.26 ppm or TMS & = 0 ppm for 'H, residual chloroform & = 77.0 ppm for °C).
Melting points were measured on a SGW X-4 apparatus and uncorrected. The IR spectra were measured
on a NICOLET AVATAR 330 or a BRUKER TENSOR 27 FT-IR spectrometer. MS(EI) and MS(ESI)
mass spectra were obtained on AGILENT 5973N and Agilent LC/MSD SL or Shimadzu LCMS-2010EV
spectrometers, respectively. HRMS(EI), HRMS(ESI) and HRMS(MALDI) were determined on Waters
Micromass GCT, BRUKER DALTONICS APEX III and IonSpect 4.7 TESLA FTMS spectrometers,
respectively. Optical rotations were determined using a Perkin Elmer 341 MC polarimeter. HPLC
analyses were performed on JASCO 1580 or JASCO 2089 liquid chromatograph. GC analyses were
performed on an Agilent 6890N gas chromatograph.

Optimization of Reaction Conditions for the Enantioselective Hydroxylation of 6a to 7a

Table S1. Optimization of Lewis acids for the enantioselective hydroxylation of 6al*

0 Lewis acid (5 mol%) o
1la (11 mol%) OH
)—CO,Ad [O], DCE, rt ;<c 0,Ad
Entry Lewis acid Time (min) Yield™ (%) Eel (%)
1 InCly 5 >99 11(R)
2 InBr; 5 >99 30(R)
3 In(OTH); 120 >99 Rac
4 Sc(OTf); 10 >99 Rac
5 La(OTf); 5 >99 Rac
6 Fe(OAc), 180 >99 5(S)
7 FeCl; + AgPFg 90 >99 Rac
8 Ni(ClO4),"6H,0 5 >99 18(S)
9 CuOTf:0.5C¢Hs 5 >99 4(R)
10 CuCl, + AgBF, 5 >99 18(R)
11 CuCl, + AgPFs 5 >99 20(R)
12 CuCl, + NaBArF 5 >99 30(R)
13 Cu(OAc), 30 >99 Rac
14 Cu(TFA),- 0.56H,0 5 >99 3(S)
15 Cu(ClOy), - 6H,0 5 >99 39(R)
16 Cu(OTf), 5 >99 26(R)
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17 ZnCl, 5 >99 28(S)
18 ZnCl, + AgBF, 5 >99 96(S)
19 ZnCl, + AgPFq 5 >99 97(S)
20 ZnCl, + NaBArF 5 >99 96(9S)
21 Zn(OAc), 5 >99 3(R)
22 Zn(OTf), 5 >99 98(S)

[a] Conditions: All reactions were performed in DCE (0.4 mL) at rt with 6a (0.1 mmol), [O] =
3-(4-nitrophenyl)-2-(phenylsulfonyl)-1,2-oxaziridine, (0.12 mmol), Lewis acid (0.005 mmol) and
(S,R,S)-1a (0.011 mmol). [b] Yield of isolated product. [c] Enantiomeric excess was determined by chiral
HPLC on CHIRALPAK AD-H column.

Table S2. Optimization of metal/ligand ratio for the enantioselective hydroxylation of 6a*!

0
o Zn(OTf), (5 mol%) 0

1la (5x mol%)
OH
CO,Ad [O], DCE, rt, 5 min COAd
2

Entry Metal/Ligand Yield™ (%) Ee' (%)
1 1:1.2 >99 74
2 1:1.4 >99 85
3 1:1.6 >99 94
4 1:1.8 >99 96
5 1:2.0 >99 98
6 1:2.2 >99 98

[a] Conditions: All reactions were performed in DCE (0.4 mL) at rt with 6a (0.1 mmol), [O] =
3-(4-nitrophenyl)-2-(phenylsulfonyl)-1,2-oxaziridine, (0.12 mmol), Zn(OTf), (0.005 mmol) and (S,R,S)-1a
(0.005x mmol) in 5 min. [b] Yield of isolated product. [c] Enantiomeric excess was determined by chiral

HPLC on CHIRALPAK AD-H column.

Table S3. Optimization of oxidant for the enantioselective hydroxylation of 6al

o Zn(OTf), (5 mol%) 0
1la (11 mol%)
CO,A ",
2 [O], DCE, rt CO,Ad

Entry Oxidant Time (h) Yield™ (96) Eel (%)

Q
NSO,Ph .
1 J@/L 5 min ~99 08
O,N
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o
2 N 3.5 >99 65
S

O,
Ph
%

4 N 25 >99 87

S

O,
5 H>,0O, 24 8 15
6 TBHP 24 11 7
7 CMHP 24 13 11
8 m-CPBA 0.25 >99 19

[a] Conditions: All reactions were performed in DCE (0.4 mL) at rt with 6a (0.1 mmol), [O] (0.12 mmol),
Zn(OTf), (0.005 mmol) and (S,R,S)-1a (0.0011 mmol). [b] Yield of isolated product. [c] Enantiomeric
excess was determined by chiral HPLC on CHIRALPAK AD-H column.

Table S4. Solvent effect on the enantioselective hydroxylation of 6a!"
o Zn(OTf), (5 mol%) 0

la (11 mol%)
OH
CO,Ad [O], solvent, rt, 5 min
[j:/f CO,Ad

Entry Solvent Yield™ (%) Eel (96)
1 Et,0 >99 58
2 THF >99 42
3l PhMe >99 57
4] ‘BuOH >99 78
5 CH,CL, >99 98
6 CHCl; >99 95
74 CCly >99 58
8 DCE >99 98

[a] Conditions: All reactions were performed in solvent (0.4 mL) at rt with 6a (0.1 mmol), [O] =
3-(4-nitrophenyl)-2-(phenylsulfonyl)-1,2-oxaziridine, (0.12 mmol), Zn(OTf), (0.005 mmol) and (S,R,S)-1a
(0.0011 mmol) in 5 min. [b] Yield of isolated product. [c] Enantiomeric excess was determined by chiral

HPLC on CHIRALPAK AD-H column. [d] 0.8-mL solvent was used.
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Table S5. The influence of temperature on the enantioselective hydroxylation of 6al

0,
0 Zn(OTf), (5 mol%) o

1la (11 mol%)
L) c
CO2Ad [O], solvent, rt, 5 min 2
Co,Ad

Entry Temp. Time (min) Yield™ (%) Eel! (%)
1 60 5 93 91
2 rt 5 >99 98
3 0 5 >99 98
4 -30 60 >99 98
5t -78 360 >99 91

[a] Conditions: All reactions were performed in DCE (0.4 mL) at rt with 6a (0.1 mmol), [O] =
3-(4-nitrophenyl)-2-(phenylsulfonyl)-1,2-oxaziridine, (0.12 mmol), Zn(OTf), (0.005 mmol) and (S,R,S)-1a
(0.0011 mmol). [b] Yield of isolated product. [c] Enantiomeric excess was determined by chiral HPLC on
CHIRALPAK AD-H column. [d] CH,ClI, (0.4 mL) was used as solvent.

Preparation of Ligands 1a-h

2,113 412 and 58 was prepared according to the reported procedures, respectively.

Characterization data for compounds (S,R,S)-5a-h and (S,S,5)-5a-h:
(-)-(R)-N8,N8'-Bis((S)-2-hydroxy-1-phenylethyl)-4,4,4'.4',6,6'-hexamethyl-2,2'-spirobi[chroman]-8,8'-dica
rboxamide ((S,R,S)-Ph-SPAN-diCONH, (S,R,S)-5a)

White solid, 47% yield; m.p. 210-211 °C; [a]p""= -63.9 (¢ = 0.50, CHCl;); "H NMR (300 MHz, CDCls) &
7.80 (2H, d, J = 6.3 Hz), 7.64 (2H, s), 7.20-7.18 (8H, m), 7.06-7.04 (4H, m), 4.86 (2H, dd, J = 9.9, 6.0
Hz), 3.61-3.56 (2H, m), 3.48-3.44 (2H, m), 2.32 (6H, s), 2.23 (2H, d, J = 14.4 Hz), 2.07 (2H, d, J = 14.4
Hz), 1.36 (6H, s), 1.32 (6H, s); °C NMR (75 MHz, CDCls) d 166.2, 146.1, 138.9, 132.5, 1321.6, 129.9,
129.6, 128.6, 127.5, 126.5, 122.8, 101.0, 66.3, 56.5, 46.9, 31.6, 31.4, 31.1, 20.7; IR (neat) v 3322, 3278,
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2927, 2850, 1648, 1626, 1602, 1573, 1537, 1493, 1456, 1277, 1223, 1196, 1167, 1130, 1107, 1086, 1049,
1027, 1003, 970, 892, 863, 841, 761, 742, 700, 640 cm™'; ESI-MS, m/z = 685 ([M+Na]"); HRMS-ESI
(m/z) [M+H]" caled for C41H47N,06, 663.34286, found, 663.3443.

(+)-(S)-N8,N8'-Bis((S)-2-hydroxy-1-phenylethyl)-4,4,4',4',6,6'-hexamethyl-2,2'-spirobi[chroman]-8,8'-dic
arboxamide ((S,S,S)-Ph-SPAN-diCONH, (S,S,S)-5a)

White solid, 45% yield; m.p. 88-89 °C; [a]p™ = +9.6 (c = 1.01, CHCl;); "H NMR (3400 MHz, CDCl3) &
8.03 (2H, d, J = 7.2 Hz), 7.74 (2H, s), 7.19-7.13 (6H, m), 6.9-6.89 (4H, m), 5.05 (2H, dd, J = 10.8, 6.8
Hz), 3.62-3.59 (2H, m), 3.41-3.36 (2H, m), 2.32 (6H, s), 2.22-2.15 (4H, m), 1.34 (6H, s), 1.33 (6H, s); "°C
NMR (100 MHz, CDCl3) 6 165.9, 146.8, 139.1, 133.4, 132.0, 130.1, 129.3, 128.3, 127.3, 126.7, 122.4,
103.0, 65.6, 56.2, 48.3, 31.4, 30.5, 29.8, 20.7; IR (neat) v 3394, 2959, 2926, 2863, 1639, 1601, 1519,
1443, 1262, 1225, 1192, 1174, 1154, 1120, 1078, 1027, 1004, 963, 953, 934, 882, 783, 755, 698 cm’;
ESI-MS, m/z = 685 ([M+Na]"); HRMS-ESI (m/z) [M+H]" calcd for C4Ha7N2Og, 663.34286, found,
663.3424.

(-)-(R)-N8,N8'-Bis((S)-1-hydroxy-3-methylbutan-2-yl)-4,4,4',4',6,6'-hexamethyl-2,2'-spirobi[chroman]-8,
8'-dicarboxamide ((S,R,S)-'Pr-SPAN-diCONH, (S, R,S)-5b)

HN™ ~O

ﬁ\\cK/OH HO\/H/

White solid, 40% yield; m.p. 105-108 °C; [a]p™" = -76.7 (c = 0.46 CHCls); '"H NMR (400 MHz, CDCl) &
7.64 (2H, d, J = 3.2 Hz), 7.25-7.24 (4H, m), 3.51-3.47 (2H, m), 3.40 (4H, t, J = 6.4 Hz), 2.97 2H, t, J =
7.6 Hz), 2.36 (2H, d, J = 22.0 Hz), 2.33 (6H, s), 2.18 (2H, d, J = 19.2 Hz), 1.46 (6H, s), 1.39 (6H, s), 0.80
(6H, d, J=9.2 Hz), 0.74 (6H, d, J = 9.2 Hz); *C NMR (100 MHz, CDCls) ¢ 166.6, 146.2, 132.8, 131.6,
129.5, 129.4, 123.1, 101.2, 63.3, 57.6, 47.7, 31.3, 31.2, 31.1, 28.6, 20.5, 19.2, 18.9; IR (neat) v 3397,
3275, 2956, 2927, 2870, 1648, 1601, 1532, 1452, 1388, 1365, 1264, 1224, 1193, 1167, 1118, 1080, 1025,
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1002, 968, 936, 927, 885, 863, 784, 739 cm™'; ESI-MS, m/z = 595 ([IM+H]"), 617 ((M+Na]"); HRMS-ESI
(m/z) [M+H]" caled for C3sHsN,Og, 595.37416, found, 595.3756.

(+)-(S)-N8,N8'-Bis((S)-1-hydroxy-3-methylbutan-2-yl)-4,4,4' 4',6,6'-hexamethyl-2,2'-spirobi[ chroman]-8§,
8'-dicarboxamide ((S,S,S)-Pr-SPAN-diCONH, (S.S,S)-5b)

White solid, 41% yield; m.p. 92-95 °C; [a]p*’= +13.6 (¢ = 0.99, CHCl3); 'H NMR (400 MHz, CDCls) &
7.65 (2H, s), 7.21 (2H, s), 3.67-3.66(2H, m), 3.45-3.41 (2H, m), 3.20-3.15 (2H, m), 2.34 (2H, d, J = 16.4
Hz), 2.32 (6H, s), 2.26 (2H, d, J = 14.4 Hz), 1.42 (6H, s), 1.38 (6H, s), 1.08-1.05 (1H, m), 0.77 (6H, d, J =
6.8 Hz), 0.70 (6H, d, J = 6.8 Hz); >°C NMR (100MHz, CDCl;) 6 166.5, 146.5, 133.2, 131.9, 129.9, 129.1,
123.1, 102.3, 63.0, 57.3, 48.6, 31.4, 30.8, 30.4, 28.9, 20.6, 19.1; IR (neat) v 3404, 3323, 3270, 2956, 2927,
2853, 1636, 1602, 1520, 1445, 1365, 1322, 1272, 1260, 1224, 1197, 1166, 1119, 1086, 1065, 1023, 1000,
959, 927, 886, 781, 742 cm’; ESI-MS, m/z = 595 ([M+H]"); HRMS-ESI (m/z) [M+Na]" calcd for
C3sHsoN,OgNa, 617.35611, found, 617.3561.

(-)-(R)-N8,N8'-Bis((2S,35)-1-hydroxy-3-methylpentan-2-yl)-4,4,4' 4',6,6'-hexamethyl
-2,2'-spirobi[chroman]-8,8'-dicarboxamide ((S,S,R,S,S)-"Bu-SPAN-diCONH, (S,S,R,S,S)-5¢)

White solid, 53% yield; m.p. 89-90 °C; [o]p™ = -43.3 (c = 1.01, CHCl;); '"H NMR (400 MHz, CDCl;) &
7.48 (2H, s), 7.20 (2H, s), 3.58-3.56 (2H, m), 3.42-3.37 (2H, m), 3.33-3.29 (2H, m), 2.30-2.26 (8H, m),
2.12 (2H, d J= 14.4 Hz), 1.42 (6H, s), 1.35 (6H, s), 1.10-1.04 (2H, m), 0.96-0.83 (4H, m), 0.77-0.73 (12H,
m); C NMR (100 MHz, CDCls) ¢ 137.1, 146.2, 132.9, 131.6, 129.6, 129.2, 123.1, 101.2, 63.2, 56.5,
47.7,35.1,33.6,31.3, 31.1, 25.4, 20.6, 15.2, 11.1; IR (neat) v 3443, 3287, 2960, 2927, 2877, 1648, 1627,
1600, 1535, 1453, 1393, 1382, 1363, 1318, 1275, 1263, 1224, 1198, 1165, 1106, 1083, 1073, 1026, 1000,
974, 954, 896, 862, 815, 783, 741, 677, 665 cm’'; ESI-MS, m/z = 623 ([M+H]"); HRMS-ESI (m/z)
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[M+H]" caled for C37HssN,Og, 623.40546, found, 623.4044.

(+)-(5)-N8,N8'-Bis((2S,3S)-1-hydroxy-3-methylpentan-2-yl)-4,4,4',4',6,6'-hexamethyl-2,2'-spirobi[ chroma
n]-8,8'-dicarboxamide ((S,S,S,S,S)-"Bu-SPAN-diCONH, (S,S,S,S,S)-5¢C)

White solid, 46% yield; m.p. 55-56 °C; [a]p™’= +13.9 (¢ = 0.99, CHCl3); 'H NMR (400 MHz, CDCl;) &
7.66 (2H, s), 7.21 (2H, s), 3.78-3.76 (2H, m), 3.48-2.44 (2H, m), 3.19-3.15 (2H, m), 2.34-2.24 (10H, m),
1.41 (6H, s), 1.38 (6H, s), 1.07-1.04 (2H, m), 0.96-0.86 (4H, m), 0.78-0.70 (12H, m); *C NMR (100
MHz, CDCls) d 166.5, 146.5, 133.1, 131.8, 130.0, 129.2, 122.7, 102.4, 62.9, 56.1, 48.5, 35.4, 31.4, 30.7,
30.3, 25.4, 20.6, 15.1, 11.0; IR (neat) v 3420, 3231, 2960, 2929, 2872, 1650, 1620, 1602, 1560, 1513,
1445, 1393, 1357, 1286, 1224, 1174, 1158, 1118, 1081, 1048, 994, 945, 924, 913, 888, 876, 799, 781, 764,
739 ecm’'; ESI-MS, m/z = 623 (IM+H]"); HRMS-ESI (m/z) [M+H]" calcd for C37HssN2Os, 623.40546,
found, 623.4040.

(-)-(R)-N8,N8'-Bis((S)-1-hydroxy-3,3-dimethylbutan-2-yl)-4,4,4'.4',6,6'-hexamethyl-2,2'-spirobi[ chroman]
-8,8'-dicarboxamide ((S,R,S)-"Bu-SPAN-diCONH, (S, R,S)-5d)

HN™ O

>‘\\\-K/OH HO\)X

White solid, 36% yield; m.p. 156-160 °C; [a]p™ = -64.2 (c = 1.00, CHCl;); '"H NMR (400 MHz, CDCl3) &
7.60 (2H, s), 7.24 (2H, s), 3.83-3.82 (2H, m), 3.57-3.54 (2H, m), 3.27-3.23 (2H, m), 2.38 (2H, d, J = 14.4
Hz), 2.32 (6H, s), 2.12 (2H, d, J = 14.4 Hz), 1.41 (6H, s), 1.40 (6H, s), 0.82 (18H, s); >*C NMR (100 MHz,
CDCls) 6 167.0, 146.2, 132.3, 131.5, 130.1, 129.8, 123.1, 100.9, 62.9, 59.8, 46.9, 33.6, 32.0, 31.7, 31.2,
27.0, 20.6; IR (neat) v 3325, 2927, 2851, 1647, 1602, 1518, 1455, 1364, 1262, 1221, 1195, 1166, 1083,
1026, 1002, 975, 894, 862, 799, 709, 657 cm™'; ESI-MS, m/z = 623 ([M+H]"); HRMS-ESI (m/z) [M+H]"
caled for C37HssN,Og, 623.40546, found, 623.4034.
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(H)-(S)-N8,N8'-Bis((S)-1-hydroxy-3,3-dimethylbutan-2-yl)-4,4,4' 4',6,6'-hexamethyl-2,2'-spirobi[ chroman
1-8,8'-dicarboxamide ((S,S,S)-"Bu-SPAN-diCONH, (S,S,S)-5d)

White solid, 43% yield; m.p. 81-82 °C; [o]p™ = +13.0 (c = 0.99 CHCls); '"H NMR (400 MHz, CDCl3) &
7.70 (2H, s), 7.19 (2H, s), 3.88-3.83 (2H, m), 3.54-3.50 (2H, m), 3.01-2.97 (2H, m), 2.25-2.30 (10H, m),
1.41 (6H, s), 1.36 (6H, s), 0.68 (18H, s); °C NMR (100 MHz, CDCls) § 166.8, 146.7, 133.5, 132.0, 130.2,
128.9, 122.7, 103.0, 62.0, 59.8, 49.2, 33.5, 31.5, 30.1, 29.6, 26.7, 20.6; IR (neat) v 3436, 3369, 3324,
2954,2927, 2851, 1643, 1627, 1599, 1572, 1520, 1446, 1366, 1345, 1310, 1261, 1243, 1226, 1194, 1176,
1158, 1121, 1106, 1083, 1028, 1010, 971, 947, 890, 873, 782, 741, 709 cm™'; ESI-MS, m/z = 623
(IM+HT"); HRMS-ESI (m/z) [M+H]" calcd for C37HssN2Os, 623.40546, found, 623.4033.

(-)-(R)-N8,N8'-Bis((S)-1-hydroxy-3-phenylpropan-2-yl)-4,4,4',4',6,6'-hexamethyl-2,2'-spirobi[chroman]-8
,8'-dicarboxamide ((S,R,S)-Bn-SPAN-diCONH, (S,R,S)-5¢)

577

White solid, 32% yield; m.p. 95-96 °C; [a]p"= -8.1 (¢ = 0.52, CHClL); '"H NMR (300 MHz, CDCl3) &
7.39 (2H, s), 7.28-7.10 (14H, m), 3.83-3.78 (2H, m), 3.28-3.25 (3H, m), 2.57-2.52 (3H, m), 2.24 2H, d, J
=11.7 Hz), 2.22 (6H, s), 2.10 (2H, d, J = 14.4 Hz), 1.39 (6H, s), 1.33 (6H, s); °C NMR (75 MHz, CDCls)
0166.6, 146.2, 138.1, 133.5, 131.7, 129.2, 129.1, 128.8, 128.3, 126.3, 123.7, 101 .4, 62.8, 53.5, 48.2, 36.4,
31.3, 30.8, 30.8, 20.6; IR (neat) v 3392, 3065, 3024, 2957, 2927, 2864, 1636, 1601, 1533, 1496, 1455,
1445, 1361, 1272, 1225, 1191, 1173, 1153, 1120, 1091, 1038, 956, 909, 884, 733, 700, 648 cm™'; ESI-MS,

m/z =691 ([M+H]"), 713 ((M+Na]"); HRMS-ESI (m/z) [M+H]" calcd for C43Hs;N,Os, 691.37416, found,
691.3733.

(+)-(S)-N8,N8'-Bis((S)-1-hydroxy-3-phenylpropan-2-yl)-4,4,4',4',6,6'-hexamethyl-2,2'-spirobi[chroman]-8



Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2011

,8'-dicarboxamide ((S,S,S)-Bn-SPAN-diCONH, (S§,S,5)-5€e)

White solid, 22% yield; m.p. 90-91 °C; [a]p™"= +46.3 (c = 0.56, CHCl;); "H NMR (300 MHz, CDCl;) &
7.62 (2H, s), 7.50 (2H, d, J = 7.8 Hz), 7.26-7.07 (12H, m), 4.13-4.12 (2H, m), 3.59-3.58 (2H, m),
3.41-3.38 (2H, m), 3.11-3.08 (2H, m), 2.47-2.41 (2H, m), 2.25 (6H, s), 2.18 (2H, d, J = 13.8 Hz), 2.09
(2H, d, J=14.4 Hz), 1.38 (6H, s), 1.35 (6H, s); °C NMR (75 MHz, CDCl;) d 166.0, 146.2, 137.8, 132.8,
131.7, 129.7, 129.3, 129.0, 128.3, 126.2, 123.2, 101.4, 62.5, 52.4, 47.7, 36.3, 31.3, 31.2, 30.7, 20.6; IR
(neat) v 3404, 2959, 2926, 2867, 1644, 1602, 1531, 1496, 1445, 1364, 1268, 1226, 1193, 1174, 1156,
1119, 1082, 1040, 1007, 990, 952, 909, 886, 732, 700, 646 cm™'; ESI-MS, m/z = 691 ([M+H]"), 713
([M+Na]"); HRMS-ESI (m/z) [M+H]" calcd for C43Hs;N,O¢, 691.37416, found, 691.3745.

(-)-(R)-N8,N8'-Bis((S)-1-hydroxy-3-(naphthalen-1-yl)propan-2-yl)-4,4,4'.4',6,6'-hexamethyl-2,2'-spirobi[c
hroman]-8,8'-dicarboxamide ((S,R,S)-1-Np-SPAN-diCONH, (S,R,S)-5f)

White solid, 35% yield; m.p. 123-124 °C; [o]p™" = -73.1 (¢ = 0.52, CHCl3); "H NMR (400 MHz, CDCls) &
8.23 (2H, d, J = 8.0 Hz), 7.83-7.81 (2H, m), 7.70 (2H, d, J = 8.4 Hz), 7.53-7.43 (8H, m), 7.34-7.30 (2H,
m), 7.26-7.23 (2H, m), 7.09 (2H, s), 4.16-4.14 (2H, m), 3.97-3.96 (2H, m), 3.49-3.45 (2H, m), 3.36-3.32
(2H, m), 2.92-2.86 (2H, m), 2.22 (2H, d, J = 14.0 Hz), 2.14 (6H, s), 2.09 (2H, d, J = 14.4 Hz), 1.29 (6H,
s), 1.17 (6H, s); >C NMR (100 MHz, CDCls) § 166.4, 146.4, 134.6, 133.8, 133.7, 132.1, 131.8, 129.0,
128.9, 128.5, 127.5, 127.1, 126.1, 125.6, 125.3, 124.1, 123.9, 101.8, 62.6, 52.9, 48.6, 33.5, 31.3, 30.5,
30.4, 20.5; IR (neat) v 3324, 2927, 2850, 1625, 1573, 1535, 1439, 1310, 1269, 1243, 1225, 1087, 891,
799, 777, 732, 641 cm™'; ESI-MS, m/z = 791 ([M+H]"), 813 ([M+Na]"); HRMS-ESI (m/z) [M+Na]" calcd
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for Cs1Hs4N,OgNa, 813.38741, found, 813.38766.

(+)-(S5)-N8,N8'-Bis((S)-1-hydroxy-3-(naphthalen-1-yl)propan-2-yl)-4,4,4',4',6,6'-hexamethyl-2,2'-spirobi[ c
hroman]-8,8'-dicarboxamide ((S,S,S)-1-Np-SPAN-diCONH, (S,S,S)-5f)

White solid, 16% yield; m.p. 231-232 °C; [o]p™"= +89.5 (¢ = 0.48, CHCl;); '"H NMR (400 MHz, CDCls)
5 8.20 (2H, d, J = 8.4 Hz), 7.83-7.81 (2H, m), 7.72-7.67 (6H, m), 7.56-7.52 (2H, m), 7.49-7.45 (2H, m),
7.36-7.32 (2H, m), 7.21-7.19 (2H, m), 7.13-7.12 (2H, m), 4.41-4.33 (2H, m), 3.46-3.42 (2H, m),
3.24-3.20 (2H, m), 3.09-3.04 (2H, m), 2.62-2.56 (2H, m), 2.23 (6H, s), 2.11 (2H, d, J = 14.4 Hz), 2.03
(2H, d, J = 14.4 Hz), 1.34 (6H, s), 1.27 (6H, s); *C NMR (100 MHz, CDCls) 6 166.3, 146.3, 134.0, 133.7,
132.8, 132.1, 131.7, 129.6, 129.4, 128.4, 127.1, 127.0, 126.1, 125.6, 125.2, 124.1, 123.4, 101.3, 62.5, 51.4,
47.5,33.7, 31.2, 31.2, 30.8, 20.6; IR (neat) v 3382, 2927, 2862, 1664, 1653, 1646, 1627, 1596, 1558,
1540, 1521, 1463, 1443, 1397, 1365, 1336, 1257, 1227, 1193, 1174, 1158, 1115, 1086, 1012, 997, 970,
949, 888, 875, 863, 798, 777, 739 cm’’; ESI-MS, m/z = 791 ([M+H]"); HRMS-ESI (m/z) [M+Na]" calcd
for Cs;HssN2OgNa, 813.38741, found, 813.3860.

(-)-(R)-N8,N8'-Bis((S)-1-hydroxy-3-(naphthalen-2-yl)propan-2-yl)-4,4,4'.4',6,6'-hexamethyl-2,2'-spirobi[c
hroman]-8,8'-dicarboxamide ((S,R,S)-2-Np-SPAN-diCONH, (S,R,S)-59)

White solid, 39% yield; m.p. 120-123 °C; [a]p>’=-76.6 (¢ = 0.57, CHCl;); "H NMR (400 MHz, CDCl3) &
7.74-7.67 (6H, m), 7.55 (2H, s), 7.40-7.36 (6H, m), 7.33-7.31 (2H, d, J= 7.2 Hz), 7.28-7.25 (2H, m), 7.14

11



Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2011

(2H, s), 3.94-3.92 (2H, m), 3.33-3.23 (4H, m), 2.72-2.66 (4H, m), 2.17-2.12 (8H, m), 1.99 (2H, d, J =
14.4 Hz), 1.30 (6H, s), 1.28 (6H, s); '°*C NMR (100 MHz, CDCL3) § 166.4, 146.2, 135.7, 133.4, 133.4,
132.1, 1317, 129.1, 128.9, 128.0, 127.5, 127.5, 127.4, 127.4, 125.9, 125.3, 123.8, 101.3, 62.8, 53.5, 48.1,
36.5, 31.2, 30.8, 30.8, 20.6; IR (neat) v 3386, 3324, 2927, 2850, 1627, 1599, 1574, 1530, 1442, 1364,
1310, 1269, 1242, 1224, 1192, 1172, 1154, 1120, 1087, 1045, 1025, 991, 953, 890, 861, 815, 749, 641
em’; ESI-MS, m/z = 791 ((M+H]"), 813 ([M+Na]"); HRMS-ESI (m/z) [M+Na]" calcd for Cs;Hs;N,O¢Na,
813.38741, found, 813.38335.

(+)-(S)-N8,N8'-Bis((S)-1-hydroxy-3-(naphthalen-2-yl)propan-2-yl)-4,4,4',4',6,6'-hexamethyl-2,2'-spirobi[ c
hroman]-8,8'-dicarboxamide ((,S,S)-2-Np-SPAN-diCONH, (S,S,5)-50)

J@

NH
K/OH HO
White solid, 55% yield; m.p. 101-102 °C; [o]p™"= +13.3 (¢ = 0.53, CHCl;); '"H NMR (400 MHz, CDCls)
8 7.64-7.60 (6H, m), 7.51 (2H, s), 7.43-7.38 (6H, m), 7.34-7.22 (4H, m), 7.15 (2H, s), 4.26-4.23 (2H, m),
3.44-3.40 (2H, m), 3.16-3.12 (2H, m), 2.65-2.60 (2H, m), 2.41-2.35 (2H, m), 2.20 (6H, s), 2.05 2H, d, J
= 14.4 Hz), 1.92 (2H, d, J = 14.4 Hz), 1.32 (6H, s), 1.29 (6H, s); *C NMR (100 MHz, CDCls) J 166.3,
146.2, 135.3, 133.4, 132.9, 132.1, 131.8, 129.6, 126.5, 127.9, 127.6, 127.5, 127.5, 125.9, 125.4, 123.1,
101.3, 62.4, 52.4, 47.5, 31.3, 31.1, 30.8, 24.8, 20.6; IR (neat) v 3388, 3325, 2927, 2851, 1627, 1599, 1531,
1446, 1391, 1379, 1359, 1270, 1225, 1190, 1159, 1107, 1046, 1026, 991, 952, 888, 861, 815, 781, 740

cm’; ESI-MS, m/z = 791 (IM+H]"); HRMS-ESI (m/z) [M+Na]" caled for Cs;HssN,O4Na, 813.38741,
found, 813.3869.

HN

(-)-(R)-N8,N8'-Bis((1S,2R)-2-hydroxy-2,3-dihydro-1H-inden-1-yl)-4,4,4',4',6,6'-hexamethyl-2,2'-spirobi[ ¢
hroman]-8,8'-dicarboxamide ((S,R,R,R,S)-In-SPAN-diCONH, (S,R,R,R,S)-5h)
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White solid, 37% yield; m.p. 118-120 °C; [o]p™"= -63.8 (c = 0.48, CHCls); 'H NMR (400 MHz, CDCl3) &
7.51 (2H, d, J = 8.0 Hz), 7.42 (2H, s), 7.22 (2H, s), 7.19-7.15 (4H, m), 7.10-7.06 (2H, m), 6.90 (2H, d, J =
7.6 Hz), 5.16-5.12 (2H, m), 4.37-4.36 (2H, m), 3.06-3.00 (2H, m), 2.82-2.73 (2H, m), 2.29 (6H, s), 2.21
(2H, d, J = 14.4 Hz), 2.08 (2H, d, J = 14.4 Hz), 1.44 (6H, s), 1.34 (6H, s); °*C NMR (100 MHz, CDCl3) &
166.8, 146.6, 140.6, 139.7, 134.0, 131.4, 129.0, 128.8, 127.8, 127.1, 125.0, 124.4, 123.8, 101.9, 73.4, 57.9,
48.5, 39.7, 31.6, 30.5, 30.4, 20.7; IR (neat) v 3323, 2927, 2850, 1625, 1601, 1573, 1519, 1458, 1443,
1310, 1268, 1242, 1226, 1192, 1174, 1155, 1086, 1054, 1023, 992, 967, 953, 936, 892, 818, 791, 752, 737,
725, 640 cm’; ESI-MS, m/z = 709 ([M+Na]"); HRMS-ESI (m/z) [M+Na]" calcd for Cy43HseN2OgNa,
709.32481, found, 709.3254.

(+)-(S)-N8,N8'-Bis((1S,2R)-2-hydroxy-2,3-dihydro-1H-inden- 1-yl)-4,4,4',4',6,6'-hexamethyl-2,2'-spirobi[
chroman]-8,8'-dicarboxamide ((S,R,S,R,S)-In-SPAN-diCONH, (S,R,S,R,S)-5h)

White solid, 36% yield; m.p. 92-94 °C; [a]p*’ = +26.2 (¢ = 1.01, CHCl3); 'H NMR (400 MHz, CDCl;) &
8.07 (2H, d, J= 8.0 Hz), 7.67 (2H, s), 7.19-7.08 (8H, m), 7.01 (2H, m), 5.37-5.34 (2H, m), 4.48-4.45 (2H,
m), 3.04-2.98 (2H, m), 2.47-2.70 (2H, m), 2.20 (6H, s), 2.11 (2H, d, J = 14.0 Hz), 1.99 (2H, d, J = 14.0
Hz), 1.32 (6H, s), 1.17 (6H, s); *C NMR (100 MHz, CDCl3) 6 166.0, 146.3, 140.4, 139.8, 131.5, 131.3,
130.1, 130.0, 127.8, 126.6, 125.0, 124.7, 121.5, 101.1, 73.2, 58.0, 46.2, 39.2, 32.0, 31.3, 31.1, 20.7; IR
(neat) v 3388, 2925, 2860, 1633, 1599, 1517, 1443, 1390, 1365, 1341, 1299, 1263, 1224, 1191, 1175,
1154, 1121, 1084, 1054, 1025, 1004, 972, 956, 896, 879, 818, 783, 741, 726 cm™; ESI-MS, m/z = 687
([M+H]"); HRMS-ESI (m/z) [M+Na]" calcd for C43H4N,0¢Na, 709.32481, found, 709.3239

Typical procedure for preparation of ligand 1a-h from 5a-h
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Method A* (for 5a and 5d):

To a suspension of 5 (0.5 mmol) in dry CH,Cl, (5.0 mL) was slowly added (diethylamino)sulfur
trifluoride (DAST, 0.16 mL, 1.1 mmol) at -78°C. After stirring for 6 h at -78°C and overnight at r.t., 4 N
NH4OH, aq. (1 mL) was added. Water (10 mL) was added to the solution and the aqueous layer was
extracted with CH,Cl, for 3 times. The combined organic layers were dried over anhydrous Na,SOs,
concentrated under vacuum, and the residue was purified by column chromatography on silica gel using

petroleum ether/ethyl acetate/Net; as the eluent to afford 1.

Method B! (for 5b-c and 5e-g):

To a mixture of 5 (0.5 mmol), 4-dimethylaminopyridine (DMAP, 5.0 mg, 0.04 mmol), and NEt; (0.6
mL, 4.0 mmol) in dry CH,Cl, (5.0 mL) was added methanesulfonyl chloride (0.32 mL, 4.0 mmol) at 0°C,
and the solution was stirred for 2 h at this temperature. Then another portion of NEt; (3.3 mL, 24.0 mmol)
was added to the solution, and it was stirred at r.t. until the initially formed mesylate disappeared
(checked by TLC). The reaction mixture was diluted with CH,Cl, and washed with an aqueous NaHCO3
solution. The organic layer was dried over anhydrous Na,SO4, concentrated under vacuum, and the
residue was purified by column chromatography on silica gel using petroleum ether/ethyl acetate/Net; as

the eluent to afford 1.

Method C (for (S,R,S)-5h):

A mixture of (S,R,S)-5h (274.0 mg, 0.4 mmol) and Ti(OiPr)s (1.0 mL, 3.2 mmol) was stirred for 145
°C for 18 h. The reaction was cooled to r.t and 1,2-propanediol (0.4 mL, 3.8 mol) was added. After 30 min,
EtOAc and water were added and the reaction mixture was stirred for an additional 30-60 min. The
aqueous layer was extracted with EtOAc for 3 times. The combined organic layers were dried over
anhydrous Na,SO,, concentrated under vacuum, and the residue was purified by column chromatography
on silica gel using petroleum ether/ethyl acetate/Net; as the eluent to afford (S,R,S)-1h (127.0 mg, yield
49%).

Characterization data for ligands (S,R,S)-1a-h and (S.,S,5)-1a-¢
(-)-(4S5,4'S)-2,2'-((R)-4,4,4',4',6,6'-Hexamethyl-2,2'-spirobi[chroman]-8,8'-diyl)bis(4-phenyl-4,5-dihydroo
xazole) ((S,R,S)-Ph-SPANDox, (S,R,S)-1a)
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Ph PR

White solid, 77% yield; m.p. 184-185 °C; [o]p™"= -3.9 (¢ = 0.53, CHCl;); "H NMR (300 MHz, CDCl3) &
7.30-7.21 (10H, m), 7.12-7.09 (4H, m), 5.07 (2H, t, J= 9.3 Hz), 4.35 (2H, dd, J = 10.2, 8.4 Hz), 3.82 (2H,
t,J= 8.4 Hz),2.27 (6H, s), 2.22 (2H, d, J = 14.4 Hz), 2.12 (2H, d, J= 14.1 Hz), 1.61 (6H, s), 1.34 (6H, s);
C NMR (75 MHz, CDCls) 6 164.6, 147.3, 142.4, 133.4, 130.1, 129.5, 129.2, 128.5, 127.2, 126.7, 117.8,
98.4, 69.5, 46.9, 33.0, 31.7, 30.8, 20.6; IR (neat) v 3026, 2958, 2920, 2895, 2860, 1645, 1630, 1492, 1451,
1356, 1316, 1267, 1228, 1197, 1181, 1163, 1099, 1079, 1029, 1002, 977, 924, 902, 886, 872, 816, 761,
701, 612 cm’'; ESI-MS, m/z = 627 (IM+H]"), 649 ([M+Na]"); HRMS-ESI (m/z) [M+H]" calcd for
C41H43N,04, 627.32173, found, 627.3234.

(-)-(45,4'S)-2,2'-((S5)-4,4,4',4',6,6'-Hexamethyl-2,2'-spirobi[chroman]-8,8'-diyl)bis(4-phenyl-4,5-dihydroox
azole) ((S,S,S5)-Ph-SPANDbox, (S,S,5)-1a)

Ph Ph

White solid, 81% yield; m.p. 98-99 °C; [o]p™’= -14.4 (c = 0.99, CHCl3); 'H NMR (300 MHz, CDCl;) &
7.38 (2H, s), 7.24-7.19 (8H, m), 7.13-7.10 (4H, m), 5.07 (2H, dd, J = 10.2, 8.7 Hz), 4.28 (2H, dd, J = 10.2,
8.7 Hz), 3.81 (2H, t, J = 8.7 Hz),2.30 (6H, s), 2.26 (2H, d, J = 14.1 Hz), 2.14 (2H, d, J = 14.1 Hz), 1.50
(6H, s), 1.32 (6H, s); °C NMR (100 MHz, CDCls) § 164.5, 147.8, 142.5, 130.1, 129.3, 129.2, 128.3,
127.1, 126.6, 126.4, 117.6, 99.3, 74.2, 69.4, 68.0, 47.8, 32.1, 31.0, 31.0, 20.5; IR (neat) v 3060, 3027,
2957, 2922, 2864, 1644, 1603, 1492, 1454, 1356, 1265, 1229, 1217, 1183, 1164, 1116, 1088, 1026, 997,
957, 937, 921, 891, 871, 753, 698, 613 cm™; ESI-MS, m/z = 627 ((M+H]"), 649 ([IM+Na]"); HRMS-ESI
(m/z) [MJrH]+ calcd for C41H43N,04, 627.32173, found, 627.3227.

(-)-(4S5,4'S)-2,2'-((R)-4,4,4',4',6,6'-Hexamethyl-2,2'-spirobi[ chroman]-8,8'-diyl)bis(4-iso-propyl-4,5-dihydr
ooxazole) ((S,R,S)-"Pr-SPANbox, (S.R,S)-1b)
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White solid, 58% yield; m.p. 112-113 °C; [o]p”’=-11.8 (¢ = 0.49, CHCl3); "H NMR (300 MHz, CDCl3) §
7.14 (2H, s), 7.10 (2H, s), 3.98-3.92 (2H, m), 3.81-3.71 (4H, m), 2.25 (6H, s), 2.17 (2H, d, J = 14.1 Hz),
2.09 (2H, d, J = 14.1 Hz), 1.88-1.86 (2H, m), 1.61 (6H, s), 1.31 (6H, ), 0.85 (6H, d, J = 6.9 Hz), 0.73 (6H,
d, J= 6.3 Hz); °C NMR (75 MHz, CDCl3) 6 762.9, 146.8, 133.0, 130.0, 129.1, 128.8, 118.4, 98.0, 72.1,
69.6, 46.7, 33.2, 32.4, 31.9, 30.7, 20.6, 19.0, 17.9; IR (neat) v 2954, 2921, 2868, 1642, 1611, 1592, 1480,
1452, 1356, 1317, 1267, 1228, 1215, 1189, 1162, 1116, 1097, 1029, 1002, 976, 939, 887, 815, 802, 764
cm’; ESI-MS, m/z = 559 ([M+H]), 581 ([M+Na]"); HRMS-ESI (m/z) [M+H]" calcd for CssH4N,Os,
559.35503, found, 559.3544.

(-)-(4S5,4'S)-2,2'-((S)-4,4,4'4',6,6'-Hexamethyl-2,2'-spirobi[ chroman]-8,8'-diyl)bis(4-iso-propyl-4,5-dihydr
ooxazole) ((S,S,S5)-Pr-SPANbox, (S,S,S5)-1b)

White solid, 51% yield; m.p. 89-90 °C; [a]p™* = -30.5 (¢ = 0.99, CHCls); 'H NMR (400 MHz, CDCl;) &
7.20 (2H, s), 7.16 (2H, s), 3.99-3.94 (2H, m), 3.73-3.65 (4H, m), 2.27 (6H, s), 2.21 (2H, d, J = 14.0 Hz),
2.12 (2H, d, J = 14.4 Hz), 1.57 (6H, s), 1.32 (6H, s), 1.12-1.06 (2H, m), 0.87 (6H, d, J = 6.8 Hz), 0.78 (6H,
d, J= 6.8 Hz); *C NMR (100 MHz, CDCl5) 6 163.2, 147.1, 133.7, 130.2, 129.2, 128.8, 118.2 99.0, 71.9,
69.8, 47.5, 33.0, 32.5, 31.4, 30.9, 20.5, 18.8, 18.1; IR (neat) v 2957, 2928, 2868, 1732, 1644, 1602, 1529,
1461, 1447, 1362, 1325, 1257, 1226, 1193, 1173, 1153, 1084, 1024, 990, 966, 910, 890, 801, 785, 731,
644 cm’; ESI-MS, m/z = 577 ([M+H,O+H]"); HRMS-ESI (m/z) [M+H]" caled for CisHs7N,Ou,
559.35503, found, 559.3523.

(-)-(4S)-4-sec-Butyl-2-((2R)-8'-((4S)-4-sec-butyl-4,5-dihydrooxazol-2-yl)-4,4,4' 4',6,6'-hexamethyl-2,2'-s
pirobi[chroman]-8-yl)-4,5-dihydrooxazole ((S,S,R,S,S)-'Bu-SPANbox, (S,S,R,S,S)-1¢)
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White solid, 68% yield; m.p. 109-110 °C; [a]p™’= -8.6 (¢ = 0.99, CHCl;); '"H NMR (400 MHz, CDCl3) &
7.14 (2H, s), 7.11(2H, s), 3.91-3.89 (4H, m), 3.73-3.71 (2H, m), 2.25 (6H, s), 2.17 (2H, d, J = 14.0 Hz),
2.09 (2H, d, J = 14.0 Hz), 1.61 (6H, s), 1.45-4.42 (2H, m), 1.31-1.26 (8H, m), 1.12-1.08 (2H, m),
0.89-0.85 (6H, t, J= 7.2 Hz), 0.64 (6H, d, J= 6.4 Hz); >C NMR (100 MHz, CDCl5) § 162.8, 146.8, 133.0,
129.9, 129.0, 128.7, 118.2, 97.9, 70.4, 68.8, 46.7, 38.4, 33.1, 30.6, 26.0, 20.5, 13.8, 11.4; IR (neat) v 2956,
2917, 2875, 1642, 1594, 1455, 1380, 1353, 1314, 1261, 1227, 1214, 1188, 1163, 1115, 1099, 1028, 1000,
978, 935, 888, 868, 791, 765, 706 cm™'; ESI-MS, m/z = 587 ([M+H]"); HRMS-ESI (m/z) [M+H]" calcd
for C37HsN,O4, 587.38433, found, 587.3829.

(-)-(4S)-4-sec-Butyl-2-((25)-8'-((4S5)-4-sec-butyl-4,5-dihydrooxazol-2-yl)-4,4,4' 4',6,6'-hexamethyl-2,2'-sp
irobi[chroman]-8-yl)-4,5-dihydrooxazole ((S,S,S,sS,S)-'Bu-SPANbox, (S,S,S,S,S5)-1¢c)

White solid, yield 63%; m.p. 32-34 °C; [a]p™’ = -78.1 (c = 1.00, CHCl3); '"H NMR (400 MHz, CDCl;) &
7.19 (2H, s), 7.14 (2H, s), 3.93-3.89 (2H, m), 3.82-3.76 (2H, m), 3.68 (2H, t, J = 8.0 Hz), 2.25 (6H, s),
2220 (2H, d, J = 14.4 Hz), 2.10 (2H, d, J = 14.0 Hz), 1.55 (6H, s), 1.49-1.41 (4H, m), 1.32 (6H, m),
1.08-1.04 (2H, m), 0.84 (6H, t, J = 7.2 Hz), 0.68 (6H, d, J = 6.8 Hz); °C NMR (100 MHz, CDCl;) &
163.0, 147.2, 133.6, 130.1, 129.1, 128.8, 118.1, 98.9, 70.4, 69.2, 47.6, 38.7, 32.5, 31.4, 30.9, 25.8, 20.5,
14.1, 11.4; IR (neat) v 2958, 2924, 2873, 1949, 1606, 1458, 1356, 1259, 1229, 1189, 1163, 1115, 1087,
1025, 979, 937, 892, 870, 806, 769, 732 cm™'; ESI-MS, m/z = 587 ((M+H]"), 619 ([M+Na]"); HRMS-ESI
(m/z) [MJrH]+ calcd for C37H5N,Oy4, 587.38433, found, 587.38452.

(-)-(4S5,4'S)-2,2'-((R)-4,4,4' 4',6,6'-Hexamethyl-2,2'-spirobi[ chroman]-8,8'-diyl)bis(4-tert-butyl-4,5-dihydr
ooxazole) ((S,R,S)-Bu-SPANbox, (S,R,S)-1d)
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White solid, 64% yield; m.p. 203-204 °C; [o]p™" = -25.6 (¢ = 1.00, CHCl3); "H NMR (300 MHz, CDCls) &
7.07 (2H, s), 7.01 (2H, s), 3.84-3.62 (6H, m), 2.18 (6H, s), 2.09 (2H, d, J = 14.4 Hz), 2.00 (2H, d, J = 14.4
Hz), 1.52 (6H, s), 1.24 (6H, s), 0.71 (18H, s); ?C NMR (100 MHz, CDCl3) 6 162.8, 146.8, 133.0, 129.9,
129.0, 128.7, 118.2, 97.9, 70.4, 68.8, 46.6, 38.4, 33.1, 31.7, 30.6, 26.0, 20.5, 13.8, 11.4; IR (neat) v 3013,
2952, 2866, 1645, 1611, 1478, 1451, 1392, 1357, 1316, 1281, 1260, 1228, 1214, 1187, 1163, 1116, 1103,
1029, 1003, 979, 966, 939, 886, 815, 771 cm™; ESI-MS, m/z = 587 (IM+H]"); HRMS-ESI (m/z) [M+H]"
calcd for C37H5N,04, 587.38433, found, 587.3829.

(-)-(4S5,4'S)-2,2'-((5)-4,4,4',4',6,6'-Hexamethyl-2,2'-spirobi[ chroman]-8,8'-diyl)bis(4-tert-butyl-4,5-dihydr
ooxazole) ((S,S,S)-Bu-SPANbox, (S,S,5)-1d)

White solid, yield 42%; m.p. 190-191 °C; [a]p>’= -16.5 (¢ = 1.00, CHCLs); "H NMR (400 MHz, CDCLs)
7.14 (2H, ), 7.09 (2H, 5), 3.90-3.79 (4H, m), 3.74-3.70 (2H, m), 2.25 (6H, s), 2.16 (2H, d, J = 14.0 Hz),
2.07 (2H, d, J = 14.4 Hz), 1.59 (6H, s), 1.31 (6H, s), 0.78 (18H, s); *C NMR (100 MHz, CDCls) § 163.2,
146.8, 132.9, 130.0, 129.1, 128.8, 118.4, 98.1, 77.3, 77.0, 76.7, 75.7, 68.3, 46.8, 33.4, 32.9, 31.8, 30.7,
25.8,20.5; IR (neat) v 2953, 2866, 1645, 1591, 1451, 1392, 1357, 1317, 1281, 1260, 1228, 1214, 1187,
1163, 1102, 1029, 1003, 978, 939, 886, 815, 767, 730 cm’'; ESI-MS, m/z = 587 (IM+H]"); HRMS-ESI
(m/z) [M+H]" caled for C37Hs|N,04, 587.38433, found, 587.38434.

(-)-(45,4'S)-2,2'-((R)-4,4,4',4',6,6'-Hexamethyl-2,2'-spirobi[chroman]-8,8'-diyl)bis(4-benzyl-4,5-dihydroo
xazole) ((S,R,S)-Bn-SPANDbox, (S,R,S)-1e)
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White solid, 81% yield; m.p. 104-105 °C; [a]p™ = -40.8 (c = 0.49, CHCl;); '"H NMR (300 MHz, CDCl3) §
7.32-7.14 (12H, m), 7.09 (2H, s), 4.24-4.22 (2H, m), 3.89 (2H, t, J = 9.0 Hz), 3.76 (2H, t, J = 7.8 Hz),
3.06-3.00 (2H, m), 2.35-2.28 (2H, m), 2.23-2.19 (8H, m), 2.13 (2H, d, J = 14.1 Hz), 1.64 (6H, s), 1.34
(6H, s); *C NMR (75 MHz, CDCl3) 6 163.5, 146.7, 138.3, 133.4, 130.3, 129.2, 129.0, 128.8, 128.5,
126.3, 118.4,98.2, 71.6, 67.3, 46.7, 41.6, 33.3, 32.0, 30.7, 20.6; IR (neat) v 3386, 3026, 2957, 2923, 2860,
1731, 1648, 1631, 1602, 1495, 1451, 1359, 1314, 1301, 1266, 1187, 1160, 1115, 1092, 1026, 996, 981,
943, 891, 872, 844, 817, 791, 775, 747, 736, 699 cm™; ESI-MS, m/z = 655 ((IM+H]"), 677 ((M+Na]");
HRMS-ESI (m/z) [M+H]+ calcd for C43H47N,04, 655.35303, found, 655.3522.

(+)-(45,4'5)-2,2'-((5)-4,4,4',4',6,6'-Hexamethyl-2,2'-spirobi[ chroman]-8,8'-diyl)bis(4-benzyl-4,5-dihydroo
xazole) ((S,S,5)-Bn-SPANDox, (S,S,5)-1e)

White solid, 25% yield; m.p. 58-59 °C; [a]p™"= +50.0 (c = 1.00, CHCl;); "H NMR (400 MHz, CDCl;) &
7.30-7.11 (14H, m), 4.25-4.22 (2H, m), 3.92 (2H, t, J = 8.8 Hz), 3.77 (2H, t, J = 7.6 Hz), 3.05-3.00 (2H,
m), 2.29-2.11 (12H, m), 1.66 (6H, s), 1.35 (6H, s); °C NMR (100 MHz, CDCl3) J 163.5, 146.5, 138.2,
133.2, 130.3, 129.2, 128.9, 128.9, 128.4, 126.2, 118.3,98.1, 71.5, 67.1, 46.6, 41.4, 33.2, 31.9, 30.6, 20.5;
IR (neat) v 2956, 2924, 2863, 1649, 1602, 1495, 1454, 1358, 1263, 1217, 1188, 1163, 1097, 1026, 997,
975, 940, 890, 870, 816, 749, 699 cm™'; ESI-MS, m/z = 655 ([M+H]"), 673 (IM+H,0+H]"); HRMS-ESI
(m/z) [M+H]" caled for C43H47N,04, 655.35303, found, 655.3532.

(+)-(45,4'9)-2,2'-((R)-4,4,4',4',6,6'-Hexamethyl-2,2'-spirobi[ chroman]-8,8'-diyl)bis(4-(naphthalen-1-ylmet



Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2011

hyl)-4,5-dihydrooxazole) ((S,R,S)-1-Np-SPANbox, (S,R,S)-1f)

NKNe!

S5

White solid, 44% yield; m.p. 86-86 °C; [a]p™’ = +94.8 (c = 0.62, CHCl3); 'H NMR (400 MHz, CDCls) &
8.11 (2H, d, J=8.0 Hz), 7.87 (2H, d, J = 7.6 Hz), 7.76 (2H, d, J = 8.4 Hz), 7.57-7.49 (4H, m), 7.42 (2H, t,
J=17.6Hz), 727 (2H, d, J = 7.6 Hz), 7.20 (2H, s), 7.16 (2H, s), 4.45-4.42 (2H, m), 3.89-3.81 (4H, m),
3.67-3.62 (2H, m), 2.65-2.59 (2H, m), 2.65 (2H, d, J = 14.0 Hz), 2.18-2.15 (8H, m), 1.70 (6H, s), 1.26
(6H, s); °C NMR (100 MHz, CDCl3) 6 163.6, 146.8, 134.4, 133.9, 133.5, 131.9, 130.4, 129.3, 128.9,
128.7, 127.3, 126.6, 126.0, 125.7, 125.4, 123.8, 118.3, 98.3, 71.8, 66.2, 46.8, 39.1, 33.3, 32.0, 30.8, 20.5;
IR (neat) v 3044, 2954, 2923, 2861, 1645, 1595, 1509, 1455, 1395, 1357, 1312, 1260, 1227, 1217, 1189,
1162, 1115, 1087, 1025, 998, 975, 940, 891, 870, 776, 733, 609 cm™; ESI-MS, m/z = 755 (IM+H]"), 777
([M+Na]"); HRMS-ESI (m/z) [M+H]" calcd for Cs;Hs;N,O4, 755.38433 found, 755.38484.

(-)-(45,4'S)-2,2'-((5)-4,4,4' ,4',6,6'-Hexamethyl-2,2'-spirobi[ chroman]-8,8'-diyl)bis(4-(naphthalen- 1 -ylmeth
yl)-4,5-dihydrooxazole) ((S,S,S)-1-Np-SPANbox, (S,S,S5)-1f)

-

L)

White solid, 46% yield; m.p. 64-64 °C; [a]p™’ = -44.4 (c = 1.01, CHCl3); '"H NMR (400 MHz, CDCl;) &
8.09 (2H, d, J = 8.4 Hz), 7.84-7.84 (2H, m), 7.74 (2H, d, J = 8.4 Hz), 7.56-7.47 (4H, m), 7.42-7.38 (2H,
m), 7.26-7.24 (4H, m), 7.16 (2H, s), 4.45-4.42 (2H, m), 3.82-3.80 (4H, m), 3.69-3.65 (2H, m), 2.75-2.69
(2H, m), 2.25 (2H, d, J = 14.0 Hz), 2.19 (6H, s), 2.15 (2H, d, J = 14.4 Hz), 1.64 (6H, s), 1.34 (6H, s); "°C
NMR (100 MHz, CDCls) 6 163.7, 147.4, 134.2, 133.9, 133.7, 131.9, 130.3, 129.2, 129.1, 128.7, 126.7,
126.0, 125.6, 125.4, 123.8, 117.9, 98.9, 71.5, 66.3, 47.5, 39.0, 32.8, 31.8, 30.9, 20.5; IR (neat) v 3044,
2923, 2859, 1645, 1595, 1510, 1455, 1395, 1357, 1260, 1228, 1188, 1162, 1087, 1024, 998, 977, 940, 891,
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870, 777, 730 cm™; ESI-MS, m/z = 755 ([M+H]"); HRMS-ESI (m/z) [M+H]" calcd for Cs;Hs;N,O4,
755.38433 found, 755.38656.

(+)-(45,4'9)-2,2'-((R)-4,4,4',4',6,6'-Hexamethyl-2,2'-spirobi[chroman]-8,8'-diyl)bis(4-(naphthalen-2-ylmet
hyl)-4,5-dihydrooxazole) ((S,R,S)-2-Np-SPANDbox, (S,R,S)-19)

OO

White solid, 62% yield; m.p. 84-85 °C; [a]p’= +57.4 (¢ = 1.15, CHCLs); '"H NMR (400 MHz, CDCl3) &
7.81-7.76 (6H, m), 7.58 (2H, s), 7.48-7.41 (4H, m), 7.32-7.29 (2H, m), 7.22-7.21 (2H, m), 7.07-7.06 (2H,
m), 4.36-4.33 (2H, m), 3.90 (2H, t, J = 8.8 Hz), 3.84-3.80 (2H, m), 3.19-3.14 (2H, m), 2.51-2.46 (2H, m),
222 (2H, d, J = 14.4 Hz), 1.18 (6H, s), 2.14 (2H, d, J = 14.0 Hz), 1.67 (6H, s), 1.36 (6H, s); °C NMR
(100 MHz, CDCl3) J 163.6, 146.7, 135.8, 133.4, 132.1, 130.3, 129.2, 128.8, 128.1, 127.5, 127.4, 127.3,
126.0, 125.4, 118.4, 98.2, 71.6, 67.2, 41.7, 33.2, 32.0, 31.4, 30.7, 20.6; IR (neat) v 3324, 3051, 2924, 2851,
1731, 1627, 1599, 1536, 1507, 1456, 1358, 1311, 1265, 1218, 1188, 1163, 1115, 1087, 1025, 998, 975,
940, 891, 869, 815, 748, 639, 620 cm™; ESI-MS, m/z = 755 ([M+H]"), 777 ((M+Na]"); HRMS-ESI (m/z)
[M+H]+ calcd for Cs1Hs5N,Oy4, 755.38433 found, 755.38471.

(-)-(45,4'S)-2,2'-((S)-4,4,4',4',6,6'-Hexamethyl-2,2'-spirobi[chroman]-8,8'-diyl)bis(4-(naphthalen-2-ylmeth
yl)-4,5-dihydrooxazole) ((S,S,S)-2-Np-SPANbox, (S,S,S5)-19)

White solid, yield 57%; m.p. 65-66 °C; [a]p™’ = -28.7 (¢ = 1.00, CHCL;); "H NMR (400 MHz, CDCl;) &
7.80-7.75 (6H, m), 7.58 (2H, s), 7.47-7.41 (4H, m), 7.30 (2H, d, J = 8.8 Hz), 7.25 (2H, s), 7.17 (2H, s),
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4.35-4.32 (2H, m), 3.89 (2H, t, J = 8.8 Hz), 3.76 (2H, t, J = 8.0 Hz), 3.26-3.22 (2H, m), 2.64-2.59 (2H, m),
2.24 (6H, s), 2.19 (2H, d, J = 14.0 Hz), 2.10 (2H, d, J = 14.4 Hz), 1.58 (6H, s), 1.35 (6H, s); °C NMR
(100 MHz, CDCl3) 6 163.7, 147.3, 135.7, 133.6, 133.4, 131.1, 130.2, 129.1, 129.1, 128.0, 127.5, 127.4,
127.4, 125.9, 125.3, 117.9, 98.8, 71.3, 67.1, 47.4, 41.7, 32.7, 31.4, 30.8, 20.6; IR (neat) v 2924, 2852,
1730, 1649, 1599, 1508, 1455, 1359, 1315, 1263, 1227, 1189, 1170, 1090, 1024, 998, 976, 941, 891, 867,
816, 790, 749, 642, 620 cm’; ESI-MS, m/z = 755 (M+H]"); HRMS-ESI (m/z) [M+H]" calcd for
Cs1Hs N2O4, 755.38433 found, 755.38458.

(-)-(3a$,3a'S,8aR,8a'R)-2,2'-((R)-4,4,4' 4',6,6'-Hexamethyl-2,2'-spirobi[ chroman]-8,8'-diyl)bis(8,8a-dihydr
o-3aH-indeno[1,2-d]Joxazole) ((S,R,R,R,S)-In-SPANbox, (S,R,R,R,S)-1h)

White solid, 40% yield; m.p. 246-247 °C; [o]p™"= -188.7 (¢ = 0.44, CHCl;); "H NMR (300 MHz, CDCls)
5 7.44-7.42 (2H, m), 7.19-7.15 (8H, m), 7.04 (2H, s), 5.38 (2H, d, J = 8.4 Hz), 4.88 (2H, t, J = 7.5 Hz),
3.21-3.13 (2H, m), 2.87 (2H, d, J = 17.7 Hz), 2.25-2.18 (8H, m), 2.10 (2H, d, J = 14.1 Hz), 1.65 (6H, s),
1.32 (6H, s); >C NMR (75 MHz, CDCl3) § 163.2, 147.3, 142.1, 140.0, 133.3, 129.6, 129.0, 128.7, 128.0,
127.0, 125.6, 125.0, 118.0, 98.3, 82.3, 46.8, 39.5, 33.1, 31.9, 30.8, 20.6; IR (neat) v 2953, 2922, 2855,
1662, 1458, 1353, 1315, 1264, 1228, 1215, 1186, 1165, 1113, 1092, 1022, 999, 951, 937, 894, 871, 855,
843, 754, 741, 709 cm™; ESI-MS, m/z = 651 ([M+H]"); HRMS-ESI (m/z) [M+H]" calcd for C43H43N,04,
651.32173, found, 651.3227.

Preparation of B-Keto Esters and 1,3-Diester.

All 1-admantyl esters were prepared by transesterification”™ of methyl ester which was prepared
according to the reported procedures.[) The zert-butyl ester 6b” and 6k was prepared according to the
reported procedures, respectively. The B-keto esters 6a-c,!” "% 6i-k,!'® > and a-hydroxy-p-keto esters
7a—b,“°] 70,[”'12] 7i,[10] 7k,[13] are known compounds and their '"H NMR data are consistent with the

literature data.

Characterization data for substrates 6a-m:
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1-Adamantyl 1-oxo-indan-2-carboxylate (6a)"

White solid, m.p. 109-111 °C (lit. m.p. 103 °C); '"H NMR (300 MHz, CDCl3) § 7.75 (1H, d, J = 7.8 Hz),
7.61 (1H, t,J=17.2 Hz), 7.49 (1H, d, J = 7.5 Hz), 7.38 (1H, t, J = 7.2 Hz), 3.61 (1H, dd, J = 8.1, 3.9 Hz),
3.53-3.46 (1H, m), 3.32 (1H, dd, J = 17.1, 8.1 Hz), 2.23-2.14 (9H, m), 1.71-1.61 (6H, m); >C NMR (100
MHz, CDCl3) § 199.9, 167.8, 153.6, 135.3, 135.0, 127.5, 126.4, 124.4, 81.9, 54.4, 41.1, 36.0, 30.7, 30.2;
IR (neat) v 2911, 2852, 1734, 1713, 1642, 1572, 1457, 1353, 1258, 1207, 1162, 1055, 966, 763, 720 cm’';
ESI-MS, m/z =333 [M+Na]".

tert-Butyl 1-oxo-indan-2-carboxylate (6b)""
O

Cry-¢
O'Bu

Pink solid, m.p. 41-43 °C (lit. m.p. 44-46 °C); 'H NMR (400 MHz, CDCls) & 7.76 (1H, d, J = 7.6 Hz),
7.61 (1H,t,J=28.0 Hz), 7.49 (1H, d, /= 7.2 Hz), 7.38 (1H, t, J= 7.2 Hz), 3.63 (1H, dd, J = 8.0, 4.0 Hz),
3.52-3.47 (1H, m), 3.33 (1H, dd, J = 17.2, 8.4 Hz), 1.49 (9H, s); °C NMR (100 MHz, CDCls) & 200.0,
168.3, 153.6, 135.4, 135.2, 127.6, 126.5, 124.5, 82.0, 54.3, 30.3, 28.0; IR (neat) v 2969, 1713, 1645, 1626,
1595, 1574, 1456, 1367, 1255, 1147, 1130, 760, 723 cm’; ESI-MS, m/z = 255 [M+Na]’,
287[M+MeOH+Na]".

Methyl 1-oxo-indan-2-carboxylate (6¢)!
O

©f§%°
OMe

White solid, m.p. 51-53 °C (lit. m.p. 51-60 °C); 'H NMR (300 MHz, CDCls) 6 7.78 (1H, d, J = 6.6 Hz),
7.63 (1H,t,J=17.5Hz), 7.51 (1H, d, J= 7.5 Hz), 7.40 (1H, t, J = 7.5 Hz), 3.80 (3H, s), 3.75 (1H, dd, J =
8.1, 4.2 Hz), 3.58 (1H, dd, J = 17.4, 3.9 Hz), 3.39 (1H, dd, J= 17.1, 7.8 Hz); >C NMR (75 MHz, CDCl)
5 199.3, 169.4, 153.4, 135.3, 135.0, 127.6, 126.4, 124.5, 52.9, 52.6, 30.1; IR (neat) v 3413, 3031, 2953,
2845, 1744, 1713, 1655, 1609, 1573, 1436, 1326, 1209, 1155, 989, 763, 680 cm™; ESI-MS, m/z = 191
[M+H]".

1-Adamantyl 6-flroro-1-oxo-indan-2-carboxylate (6d)
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White solid, m.p. 139-141 °C; '"H NMR (400 MHz, CDCly) 6 7.48-7.05 (3H, m), 3.68-3.26 (3H, m),
2.22-2.14 (9H, m), 1.74-1.62 (6H, m); °C NMR (75 MHz, CDCls) § 199.0, 167.4, 163.6, 161.1, 149.0,
138.1, 137.1, 127.9, 122.9, 116.0, 110.3, 110.1, 82.2, 55.3, 55.1, 41.6, 41.5, 41.1, 36.1, 36.0, 32.3, 30.8,
30.7, 29.8, 29.7, 29.6; IR (neat) v 2983, 2917, 2852, 2795, 2896,1724, 1632, 1580, 1475, 1403, 1352,
1301, 1259, 1197, 1139, 1052, 969, 898, 864, 807, 780, 734 cm™; EI-MS, m/z = 328 (IM]"), 194, 177,
149,135,121, 101, 93, 79, 67, 55, 41; HRMS-EI (m/z) [M]" caled for CyHy OsF, 328.1475, found,
328.1474.

1-Adamantyl 6-chloro-1-oxo-indan-2-carboxylate (6€)
0

oK
i

White solid, m.p. 172-174 °C; 'H NMR (300 MHz, CDCls) ¢ 7.70-7.35 (3H, m), 3.67-3.25 (3H, m),
2.22-2.13 (9H, m), 1.71-1.61 (6H, m); °*C NMR (75 MHz, CDCl3) ¢ 198.6, 167.3, 151.6, 140.9, 138.8,
136.8, 135.0, 133.9, 132.7, 128.8, 127.6, 125.5, 124.1, 120.4, 105.4, 82.2, 81.3, 54.8, 41.6, 41.0, 36.0,
35.9, 32.4, 30.8, 30.7, 29. 8; IR (neat) v 2936, 2904, 2842, 1760, 1632, 1404, 1303, 1256, 1217, 1056,
872, 817, 774, 738 cm’; ESI-MS, m/z = 367 [M+Na]"; HRMS-EI (m/z) [M]" calcd for CaoH, O5Cl,
344.1179, found, 344.1183.

1-Adamantyl 6-methyl-1-oxo-indan-2-carboxylate (6f)
O

oA
-

White solid, m.p. 110-112 °C; "H NMR (300 MHz, CDCls) § 7.54 (1H, s), 7.43-7.35 (2H, m), 3.60 (1H,
dd, J = 8.1, 3.9 Hz), 3.43 (1H, dd, J = 16.2, 3.6 Hz), 3.27 (1H, dd, J = 17.4, 8.1 Hz), 2.41-2.14 (9H, s),
1.70-1.61 (6H, m); *C NMR (75 MHz, CDCls) § 200.0, 167.9, 151.0, 137.4, 136.3, 135.5, 126.0, 124.2,
81.8, 54.7, 41.0, 36.1, 36.0, 30.7, 29.9; IR (neat) v 2910, 2852, 1731, 1710, 1642, 1584, 1573, 1493, 1456,
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1278, 1148, 1054, 966, 866, 813, 736 cm’'; ESI-MS, m/z = 347 [M+Na]"; HRMS-ESI (m/z) [M+Na]"
calcd for C,1Hy4NaOs, 347.1628, found, 347.1617.

1-Adamantyl 6-methoxy-1-oxo-indan-2-carboxylate (69)

White solid, m.p. 126-128 °C; 'H NMR (300 MHz, CDCl3) 6 7.30 (1H, d, J= 7.8 Hz), 7.14-7.11 (2H, m),
3.75 (3H, s), 3.55 (1H, dd, J = 8.1, 4.2 Hz), 3.32 (1H, dd, J = 15.3, 3.6 Hz), 3.17 (1H, dd, J = 17.1, 7.8
Hz), 2.15-2.07 (9H, m), 1.63-1.58 (6H, m); >C NMR (75 MHz, CDCls) § 200.0, 167.9, 159.5, 146.5,
136.6, 127.1, 124.6, 105.5, 82.0, 55.5, 55.2, 41.1, 36.0, 30.8, 29.6; IR (neat) v 2912, 2852, 1710, 1641,
1573, 1492, 1457, 1275, 1213, 1156, 1055, 1028, 865 cm™'; ESI-MS, m/z = 363 [M+Na]"; HRMS-ESI
(m/z) [M+Na]" calcd for C2;H»4NaO4, 363.1566, found, 362.1585.

1-Adamantyl 5-chlorol-oxo-indan-2-carboxylate (6h)

SO
%

White solid, m.p. 124-126 °C; 'H NMR (300 MHz, CDCl3) § 7.67 (1H, d, J = 8.1 Hz), 7.48 (1H, s), 7.35
(1H, d, J = 8.1 Hz), 3.62 (1H, dd, J = 7.8, 3.6 Hz), 3.51-3.44 (1H, m), 3.30 (1H, dd, J = 17.4, 8.1 Hz),
2.21-2.14 (9H, m), 1.70-1.65 (6H, m); *C NMR (75 MHz, CDCls) & 198.4, 167.4, 155.0, 141.6, 133.8,
128.4, 126.6, 125.5, 82.2, 54.4, 41.0, 36.0, 30.7, 29.9; IR (neat) v 2911, 2852, 1733, 1714, 1646, 1599,
1565, 1421, 1353, 1257, 1183, 1102, 1054, 967, 814, 766 cm™; EI-MS, m/z = 344 (IM]"), 309, 192, 152,
135, 119, 95, 79, 67; HRMS-EI (m/z) [M]" caled for C1;HyO5F, 344.1179, found, 344.1181.

1-Adamantyl 1-oxo0-1,2,3,4-tetrahydronaphthalene-2-carboxylate (6i)!'"’

o O

@
White solid, m.p. 89-92 °C; 'H NMR (400 MHz, CDCl3) & 12.6 (0.79H, br, HO of enol), 8.03-7.76 (1H,
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m), 7.48-7.14 (3H, m), 3.50-3.47 (0.21H, m, HC of ketone), 3.04-2.76 (2H, m), 2.52-2.30 (2H, m),
2.20-2.13 (9H, m), 1.73-1.65 (6H, m); >C NMR (100 MHz, CDCl3) § 193.7, 172.4, 169.1, 164.4, 143.5,
139.3, 133.6, 130.3, 130.1, 128.7, 127.5, 127.2, 126.7, 126.4, 124.1, 98.3, 81.8, 81.3, 55.4,41.541.2, 36.2,
36.1, 30.9, 30.8, 27.8, 27.5, 26.5, 20.9; IR (neat) v 2909, 2858, 1630, 1568, 1452, 1378, 1349, 1326, 1263,
1210, 1083, 1046, 845, 769, 750, 731 cm™'; EI-MS, m/z = 324 (IM]"), 173, 144, 135, 115, 107, 93, 79.
1-Adamantyl 2-oxocyclopentanecarboxylate (6j)
o 0

O

-

Pink oil, '"H NMR (300 MHz, CDCl3) 6 3.04 (1H, t, J= 9.0 Hz), 2.31-2.07 (13H, m), 1.91-1.61 (8H, m);
*C NMR (75 MHz, CDCl3) 6 212.9, 168.3, 81.6, 55.7, 41.1, 38.0, 36.0, 30.7, 27.4, 20.8; IR (neat) v 3376,
2911, 2852, 1753, 1720, 1455, 1405, 1350, 1251, 1188, 1053, 931, 834, 814 cm™'; ESI-MS, m/z = 285
([M+Na]"), 317 ((M+MeOH+Na]").

tert-Butyl 2-oxocyclopentanecarboxylate (6k)™*!
o o0

Colorless oil, '"H NMR (300 MHz, CDCl3) ¢ 3.04 (1H, t, J = 9.0 Hz), 2.31-2.21 (4H, m), 2.17-2.07 (1H,
m), 1.89-1.79 (1H, m), 1.47 (9H, s); °C NMR (75 MHz, CDCl3) § 212.9, 168.6, 81.6, 55.6, 38.0, 27.9,
27.3,20.8; IR (neat) v 2977, 2884, 1755, 1722, 1652, 1455, 1369, 1341, 1256, 1157, 1110, 983, 844 cm™;
ESI-MS, m/z =207 ((M+Na]"), 239 ((M+MeOH+Na]").

1-Adamantyl 2-oxocyclohexanecarboxylate (6l)
O O

o)

White solid, m.p. 69-70 °C; 'H NMR (300 MHz, CDCls) § 12.3 (0.75 H, br), 3.51-3.49 (0.25H, m),
2.26-2.16 (13H, m), 1.67-1.55 (10H, m); *C NMR (100 MHz, CDCls) 6 172.4, 171.2, 98.8, 80.6, 41.4,
36.1, 30.7, 29.0, 22.7, 22.4, 21.9; IR (neat) v 2912, 2854, 1736, 1717, 1649, 1613, 1456, 1390, 1259,
1219, 1175, 1062, 967, 920, 836, 814 cm™; ESI-MS, m/z = 299 [M+Na]"; HRMS-ESI (m/z) [M+Na]"
calcd for C17H24NaOs3, 299.1621, found, 299.1617; Anal. cacld for C17H,405: C, 73.88; H, 8.75. Found: C,
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73.93; H, 9.17.

1-Adamantyl 2-oxotetrahydrofuran-3-carboxylate (6m)
o 0

0 O

White solid, m.p. 79-82 °C; '"H NMR (400 MHz, CDCLy) & 4.47-4.41 (1H, m), 4.33-4.27 (1H, m), 3.43
(1H, dd, J= 9.2, 7.2 Hz), 2.65-2.56 (1H, m), 2.51-2.42 (1H, m), 2.19-14 (9H, m), 1.72-1.58 (6H, m); ">C
NMR (100 MHz, CDCL3) 6 172.7, 166.5, 83.0, 67.2, 47.0, 41.1, 36.0, 30.8, 26.5; IR (neat) v 2911, 2853,
1773, 1726, 1456, 1349, 1257, 1147, 1050, 1017,967, 802, 687 cm’'; ESI-MS, m/z = 264 [M]", 134, 92,
95,79, 41; HRMS-ESI (m/z) [M+Na]" calcd for CysHagO4, 264.1362, found, 264.1364.

A Typical Procedure for Enantioselective Hydroxylation of B-Keto Esters or 1,3-Diester:

Zn(OT*); (0.9 mg, 0.0025 mmol) and (S,R,S)-1 (0.0055 mmol) were weighed in a nitrogen-filled
glovebox and transferred into a pre-dried Schlenk tube equipped with a Teflon-coated magnetic stirring
bar. The Schlenk tube was further vacuumized for 2 h before dry 1,2-dichloroethane (1.0 mL) was added
under argon atmosphere. The resultant solution was stirred for 1 h and the substrate B-keto ester or
1,3-diester (0.25 mmol) was added to the solution. After stirring for additional 30 min, the oxidant (0.30
mmol) was added to the solution in one portion. The mixture was stirred at the defined temperature and
the reaction process was monitored by TLC. The reaction was quenched by addition of saturated aqueous
NaHSOj; solution when the conversion of starting material was completed. The mixture was then
extracted with dichloromethane, the combined organic phase was washed with brine and then dried over
Na,SO4. After removal of the solvent under vacuum evaporation, the residue was purified by column
chromatography on silica gel using petroleum ether/ethyl acetate as the eluent to afford 7. The
enantiomeric excess of the obtained hydroxylation product 7 was determined by HPLC or GC on a chiral

stationary phase.

Characterization Data for Hydroxylation Products.

(S)-(+)-1-Adamantyl 2-hydroxy-1-oxo-indan-2-carboxylate (7a) ['"!
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0O

oo

Colorless oil, >99% yield, 98% ee; [o]p™"= +19.7 (¢ = 0.89, CHCLs) [lit. [a]p™’ = +19.7 (¢ = 0.60, CHCls)
for 91% ee (S)]; '"H NMR (300 MHz, CDCl3)  7.79 (1H, d, J = 7.8 Hz), 7.67-7.62 (1H, m), 7.48-7.38
(2H, m), 4.03 (1H, br), 3.65 (1H, d, J=17.4 Hz), 3.22 (1H, d, J=17.1 Hz), 2.11 (3H, s), 1.97-1.95 (6H,
m), 1.60-1.59 (6H, m); C NMR (100 MHz, CDCl3) d 201.4, 170.1, 152.3, 135.7, 133.9, 127.8, 126.2,
125.0, 83.8, 80.5, 40.8, 39.5, 35.8, 30.7; IR (neat) v 3476, 2912, 2852, 1740, 1608, 1457, 1249, 1196,
1103, 1049, 964, 881, 754, 695, 669 cm™'; EI-MS, m/z = 243, 195, 179, 152, 135, 103, 95, 76, 51. The
enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 90: 10,

flow rate: 1.0 mL/min, 254 nm, tg; = 15.6 min (major), tgx = 24.6 min (minor).

(S)-(+)-tert-Butyl 2-hydroxy-1-oxo-indan-2-carboxylate (7b) (0]
O

O'Bu

White solid, >99% yield, 94% ee; m.p. 63-66 °C; [a]p’=+37.8 (c = 1.09, CHCL) [lit. [a]p"’= +34.1 (c =
0.42, CHCls) for 89% ee (S)]; 'H NMR (400 MHz, CDCls) 6 7.78 (1H, d, J= 8.0 Hz), 7.64 (1H, t, J=7.2
Hz), 7.48 (1H, d, J=7.6 Hz), 7.40 (1H, t, J= 7.2 Hz), 4.22 (1H, br), 3.66 (1H, d, /= 17.2 Hz), 3.22 (1H,
d, J=17.2 Hz), 1.36 (9H, s); °C NMR (100 MHz, CDCls) ¢ 201.3, 170.4, 152.2, 135.7, 133.7, 127.7,
126.1, 124.8, 83.6, 80.4, 39.3, 27.5; IR (neat) v 3409, 2924, 2852, 1735, 1708, 1603, 1465, 1369, 1290,
1252, 1210, 1150, 1127, 1102, 924, 836, 816, 765, 744, 721, 694, 678 cm™; EI-MS, m/z = 205, 192, 164,
147, 136, 130, 118, 91, 65, 57, 41. The enantiomeric excess was determined by HPLC on Chiralpak OJ
column, hexane: isopropanol = 90: 10, flow rate: 1.0 mL/min, 254 nm, tg; = 7.7 min (major), tg, = 12.2

min (minor).

(S)-(+)-Methyl 2-hydroxy-1-oxo-indan-2-carboxylate (7c) '
O

OMe

White solid, >99% yield, 90% ee; m.p. 135-137 °C [lit."¥ m.p. 131-132 °C]; [a]p*’= +44.9 (¢ = 1.01,
CHCL) [lit. [a]p™ = +52.1 (¢ = 1.0, CHCI;) for >98% ee (S)]; "H NMR (400 MHz, CDCls) ¢ 7.80 (1H, d,
J=17.6 Hz), 7.68 (1H, t, J= 7.6 Hz), 7.50 (1H, d, J= 7.6 Hz), 7.44 (1H, t, ] = 7.6 Hz), 4.06 (1H, b), 3.74
(1H, d, J=17.2 Hz), 3.74 (3H, s), 3.26 (1H, d, J = 17.6 Hz); >*C NMR (100 MHz, CDCls) 6 200.8, 171.9,
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152.2, 136.2, 133.5, 128.1, 126.5, 125.3, 80.3, 53.4, 39.2; IR (neat) v 3404, 2958, 2923, 2853, 1746, 1706,
1605, 1463, 1258, 1202, 1187, 1116, 1103, 801, 754, 693 cm™"; EI-MS, m/z = 206 ([M]"), 147, 118, 97, 91,
83, 70, 57, 55, 41. The enantiomeric excess was determined by HPLC on Chiralpak AD-H column,
hexane: isopropanol = 90: 10, flow rate: 1.0 mL/min, 254 nm, tg; = 20.2 min (major), tgz = 21.9 min

(minor).

(+)-1-Adamantyl 6-fluoro-2-hydroxy-1-oxo-indan-2-carboxylate (7d)
O

o
e

White solid, >99% yield, 93% ee; m.p. 64-65 °C; [a]p>’ = +20.6 (¢ = 1.00, CHCl;). '"H NMR (300 MHz,
CDCl3) 6 7.47-7.33 (3H, m), 4.08 (1H, br), 3.61 (1H, d, J=17.4 Hz), 3.18 (1H, d, /= 16.8 Hz), 2.12 (3H,
s), 1.97-1.96 (6H, m), 1.60 (6H, s); °C NMR (100 MHz, CDCls) 6 200.6, 169.7, 160.6, 147.7, 135.6,
127.7, 123.4; 110.6, 84.2, 81.1, 40.8, 38.9, 35.7, 30.7; IR (neat) v 3473, 3066, 2913, 2853, 1743, 1613,
1487, 1440, 1368, 1257, 1158, 1049, 964, 882, 817, 768 cm™'; EI-MS, m/z = 344 (IM]"), 288, 259, 243,
229,212, 195, 184, 179, 165, 152; HRMS-EI (m/z) [M]" calcd for CoH,,O4F, 344.1424, found, 344.1425.
The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol =

90: 10, flow rate: 1.0 mL/min, 254 nm, tg; = 13.3 min (major), tg> = 26.0 min (minor).

(+)-1-Adamantyl 6-chloro-2-hydroxy-1-oxo-indan-2-carboxylate (7€)
O

“Co
&

Yellow solid, >99% yield, 95% ee; m.p. 91-93 °C; [a]p™’= +2.1 (c = 1.02, CHCl;). '"H NMR (300 MHz,
CDCls) d 7.74 (1H, s), 7.60 (1H, d, J = 8.1 Hz), 7.42 (1H, d, J = 8.1 Hz), 4.09 (1H, br), 3.62 (1H, d, J =
16.8 Hz), 3.18 (1H, d, J = 16.8 Hz), 2.12 (3H, s), 1.95 (6H, s), 1.60 (6H, s); >*C NMR (100 MHz, CDCl5)
5 200.2, 169.7, 150.3, 135.7, 135.4, 134.1, 127.4, 124.6, 84.2, 80.8, 40.8, 39.1, 35.7, 30.7; IR (neat) v
3471, 2912, 1853, 1750, 1720, 1600, 1467, 1429, 1368, 1242, 1201, 1120, 1048, 964, 880, 815, 754, 696
em™; EI-MS, m/z = 181, 169, 152, 135, 125, 107, 93, 79, 77, 67, 55; HRMS-EI (m/z) [M]" calcd for
C20H2104Cl, 360.1128, found, 360.1132. The enantiomeric excess was determined by HPLC on Chiralpak

AD-H column, hexane: isopropanol = 90: 10, flow rate: 1.0 mL/min, 254 nm, tg; = 12.9 min (major), tg»
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= 24.4 min (minor).

(+)-1-Adamantyl 2-hydroxy-6-methyl-1-oxo-indan-2-carboxylate (7f)
O

@

White solid, >99% yield, 97% ee; m.p. 86-88 °C; [a]p>’= +13.0 (¢ = 0.98, CHCl;). '"H NMR (300 MHz,
CDCls) 6 7.57 (1H, s), 7.45 (1H, d, J = 7.8 Hz), 7.34 (1H, d, J = 8.1 Hz), 4.02 (1H, br), 3.60 (1H, d, J =
17.1 Hz), 3.15 (1H, d, J = 16.8 Hz), 2.41 (3H, s), 2.17 (3H, s), 1.96 (6H, s), 1.59 (6H, s); °C NMR (100
MHz, CDCl;) ¢ 201.4, 170.3, 149.7, 137.8, 137.0, 134.0, 125.8, 124.8, 83.7, 80.7, 40.8, 39.1, 35.8, 30.7,
21.0; IR (neat) v 3464, 2912, 2852, 1716, 1615, 1492, 1456, 1367, 1278, 1189, 1129, 1049, 964, 884, 766
cm’™; EI-MS, m/z = 340 (IM]"), 176, 161, 144, 135, 117, 107, 93, 79, 67, 55; HRMS-EI (m/z) [M]" calcd
for C,1H»404, 340.1675, found, 340.1676. Anal. Calcd for C,1H2404: C, 74.09; H, 7.11. Found: C, 73.97;
H, 6.96. The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane:

isopropanol = 90: 10, flow rate: 1.0 mL/min, 254 nm, tg; = 15.8 min (major), tgx = 30.8 min (minor).

(+)-1-Adamantyl 2-hydroxy-6-methoxy-1-oxo-indan-2-carboxylate (79)
O

MeO. /\: :Z(/OHO
K@

White solid, >99% yield, 96% ee; m.p. 87-89 °C; [o]p™"= +5.8 (¢ = 1.01, CHCl;). '"H NMR (300 MHz,
CDCl) ¢ 7.35 (1H, d, J = 8.4 Hz), 7.25-7.21 (2H, m), 4.05 (1H, br), 3.85 (3H, s), 3.57 (1H, d, J = 16.8
Hz), 3.13 (1H, d, J = 16.5 Hz), 2.17 (3H, s), 1.96 (6H, s), 1.71 (6H, s); °C NMR (100 MHz, CDCls) §
201.4, 170.2, 159.5, 145.3, 135.0, 126.9, 125.1, 105.9, 83.8, 81.1, 55.5, 40.8, 38.9, 35.8, 30.7; IR (neat) v
3480, 2912, 2852, 1740, 1717, 1616, 1493, 1456, 1254, 1195, 1104, 1049, 964, 884 cm™'; EI-MS, m/z =
356 (IM]"), 338, 300, 243, 204, 179 152, 135, 120, 95, 93, 77, 67, 51; HRMS-EI (m/z) [M]" calcd for
C11H2405, 356.1624, found, 356.1628. The enantiomeric excess was determined by HPLC on Chiralpak
AD-H column, hexane: isopropanol = 90: 10, flow rate: 1.0 mL/min, 254 nm, tg; = 20.3 min (major), tr>

= 35.8 min (minor).
(+)-1-Adamantyl 5-chloro-2-hydroxy-1-oxo-indan-2-carboxylate (7h)
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0O

A
e

White solid, 98% yield, 96% ee; m.p. 124-126 °C; [a]p™’=+51.2 (¢ = 1.02, CHCl3). '"H NMR (300 MHz,
CDCls) 6 7.72 (1H, d, J = 8.4 Hz), 7.47 (1H, s), 7.39 (1H, d, J = 8.4 Hz), 4.09 (1H, br), 3.63 (1H, d, J =
17.4 Hz), 3.19 (1H, d, J= 17.4 Hz), 2.12 (3H, s), 1.97 (6H, s), 1.60 (6H, s); °C NMR (75 MHz, CDCls) 6
199.9, 169.7, 153.6, 142.3, 132.3, 128.7, 126.4, 126.0, 84.1, 80.4, 40.9, 39.1, 35.7, 30.7; IR (neat) v 3346,
2912, 2850, 1742, 1734, 1599, 1577, 1417, 1261, 1198, 1065, 927, 792, 678 cm’’; EI-MS, m/z = 360
(IMT)), 224, 207, 196, 181, 169, 163, 135, 93, 79; HRMS-EI (m/z) [M]" caled for CaoH,;04Cl, 360.1128,
found, 360.1117. The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane:

isopropanol = 90:10, flow rate: 1.0 mL/min, 254 nm, tg; = 15.6 min (major), tgx = 25.2 min (minor).

(S)-(-)-1-Adamantyl 2-hydroxy-1-oxo-1,2,3,4-tetrahydronaphthalene-2-carboxylate (7i)!'"
O

;
e
OH

White solid, >99% yield, 94% ee; m.p. 106-108 °C; [a]p™ = -4.6 (c = 1.02, CHCI;) [lit. [o]p™® = -3.7 (c =
0.4, CHCls) for 82% ee (S)]; '"H NMR (400 MHz, CDCl;) § 8.04 (1H, d, J = 8.0 Hz), 7.52 (1H, t, J= 7.6
Hz), 7.34 (1H, t, J = 7.6 Hz), 7.60 (1H, d, J = 8.4 Hz), 4.26 (1H, br), 3.12 (2H, t, J = 7.4 Hz), 2.67-2.61
(1H, m), 2.26-2.19 (1H, m), 2.12 (3H, s), 2.01 (6H, s), 1.61 (6H, s); >C NMR (100 MHz, CDCls) J 194.9,
169.6, 143.8, 134.0, 130.7, 128.7, 127.9, 126.8, 83.4, 77.7, 40.9, 35.9, 32.8, 30.7, 25.7; IR (neat) v 3459,
2921, 2892, 2853, 1727, 1681, 1454, 1255, 1195, 1128, 1108, 1048, 964, 921, 865, 826, 799, 734, 719
cm™'; ESI-MS, m/z = 363 ([M+Na]"). The enantiomeric excess was determined by HPLC on Chiralpak
AD-H column, hexane: isopropanol = 90: 10, flow rate: 1.0 mL/min, 254 nm, tg; = 13.1 min (major), tr>

=20.1 min (minor).

(-)-1-Adamantyl 1-hydroxy-2-oxocyclopentanecarboxylate (7j)
o 0

O
OH

White solid, >99% yield, 97% ee; m.p. 77-78 °C; [a]p"= -10.4 (¢ = 1.00, CHCl3). '"H NMR (300 MHz,
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CDCl3) § 3.71 (1H, br), 2.45-2.43 (3H, m), 2.34-2.10 (12H, m), 1.66 (6H, s); °C NMR (75 MHz, CDCl;)
0214.0, 170.4, 83.9, 79.7, 41.0, 35.8, 35.6, 34.8, 30.8, 18.3; IR (neat) v 3487, 2912, 2854, 1756, 1727,
1457, 1255, 1173, 1103, 1052, 965, 887 cm™; ESI-MS, m/z = 301 [M+Na]"; Anal. Calcd for C;¢H,,04: C,
69.04; H, 7.97. Found: C, 69.00; H, 7.86. The enantiomeric excess was determined by HPLC on
Chiralpak AD-H column, hexane: isopropanol = 90: 10, flow rate: 1.0 mL/min, 227 nm, tg; = 9.0 min
(major), tg> = 11.0 min (minor).

(S)-(-)-tert-butyl 1-hydroxy-2-oxocyclopentanecarboxylate (7k)!*

0O o0
|
O
OH

Yellow oil, >99% yield, 95% ee; [a]lp™ = -8.9 (¢ = 1.00, CHCIs) [lit. [o]p = -4.3 (¢ = 1.9, CH,Cl,) for
93% ee (S)]; '"H NMR (300 MHz, CDCls) 6 3.68 (1H, br), 2.48-2.38 (3H, m), 2.13-2.03 (3H, m), 1.47 (9H,
s); *C NMR (100 MHz, CDCls) 6 213.9, 170.7, 83.8, 79.6, 35.8, 34.8, 27.7, 18.3; IR (neat) v 3484, 2963,
2928, 2855, 1757, 1729, 1459, 1371, 1260, 1148, 1098, 844, 802 cm™; ESI-MS, m/z = 223 [M+Na]" The
enantiomeric excess was determined by GC on Chiralcel beta-120 column, temperatue program: 120 °C,

Flow rate: 1.0 mL/min, tg; = 27.0 min (major), tg; = 28.3 min (minor).

(-)-1-Adamantyl 1-hydroxy-2-oxocyclohexanecarboxylate (71)

O OHO

@)

White solid, 98% yield, 93% ee; m.p. 74-75 °C; [o]p"= -79.9 (¢ = 1.02, CHCl3); '"H NMR (300 MHz,
CDCls) 6 4.27 (1H, br), 2.68-2.49 (3H, m), 2.18-2.02 (9H, m), 1.85-1.56 (11H, m); *C NMR (100 MHz,
CDCl) 0 207.6, 168.7, 83.1, 81.1, 41.0, 38.9, 37.4, 35.9, 30.8, 26.9, 22.1; IR (neat) v 3462, 2913, 2855,
1721, 1453, 1439, 1355, 1263, 1210, 1114, 1050, 966, 877, 736 cm'; ESI-MS, m/z = 315 [M+Na]";
HRMS-ESI (m/z) [MJrNa]+ calcd for C17H2404Na, 315.1566, found, 315.1566. The enantiomeric excess
was determined by HPLC on Chiralpak AS-H column, hexane: isopropanol = 95: 5, flow rate: 0.7

mL/min, 210 nm, tg; = 10.6 min (minor), tg> = 11.3 min (major).

(+)-1-Adamantyl 3-hydroxy-2-oxotetrahydrofuran-3-carboxylate (7m)
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o o0
0 O

3

White solid, >99% yield, 99% ee; m.p. 117-120 °C; [a]p™’ = +14.3 (¢ = 1.00, CHCl3). "H NMR (400 MHz,
CDCls) 6 4.49-4.40 (2H, m), 4.01 (1H, br), 2.72-2.66 (1H, m), 2.51-2.44 (1H, m), 2.21 (3H, s), 2.13 (6H,
s), 1.67 (6H, s); °C NMR (100 MHz, CDCls) § 173.7, 168.6, 85.3, 75.6, 65.8, 41.0, 35.7, 34.2, 30.8; IR
(neat) v 3497, 2918, 2852, 1775, 1727, 1256, 1217, 1180, 1155, 1057, 1046, 1057, 1046, 1016, 897, 846,
733, 665 cm™'; EI-MS, m/z = 135, 107, 93, 91, 79, 77, 67, 55; HRMS-EI (m/z) [M]" caled for C;sHaOs,
280.1311, found, 280.1308. The enantiomeric excess was determined by HPLC on Chiralpak AD-H
column, hexane: isopropanol = 90: 10, flow rate: 1.0 mL/min, 216 nm, tg; = 16.0 min (major), tro, = 23.7

min (minor).
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Crystal Data and Structure Refinement for (S,R,S)-1a

Identification code cdlB543

Empirical formula C41 H42 H2 04

Formula weight 626.77

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system; space group Moneclinie, P2(1)

Unit cell dimensions a = 11.0978(11) A alpha = 50 deg.
b = 10,0421(10) A beta = 99.529(2) deg.
c = 15.8898(16) A gamma = 90 deg.

Volume 1746.4(3) A"3

Z, Calculated density 2, 1.192 Mg/m~3

Absorption coefficient 0.076 mm*-1

F{000) 668

Crystal size 0.346 x 0.327 x 0.086 mm

Theta range for data collection 1.86 to 27.00 deg.

Limiting indices -li<=h<=14, -12<=k<=12, -12<=1<=20

Reflections collected / unigue 10343 / 4006 [R{int) = 0.0571)

Completeness to theta = 27.00 99.3 %

Absorption correction Empirical

Max. and min. transmission 1.00000 and 0.792862

Refinement method Full-matrix least-squares on F°2
Data / restraints / parameters 4006 S 1 / 430

Goodnass-of-fit on P2 1.100

Final R indices [I>2sigma(I}] Rl = 0.0608, wR2 = 0.1302

R indices (all data) Rl = 0.0750, wR2 = 0.1373
Absolute structure parameter =10(10}

Largest diff. peak and hole 0.177 and -0.157 e.A"-3

The crystal data have been deposited at the Cambridge Crystallographic Data Centre (CCDC), deposition
number: CCDC 787243. Copies of the data can be obtained, free of charge, on application to the CCDC,
12 Union Road, Cambridge CB2 1EZ UK ( http:/www.ccdec.cam.ac.uk/ ).
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Figure S1. The molecular structure of (S,R,S)-1a
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Figure S2. "H NMR spectra of (S,R.S)-1a (upper) and its in-situ prepared Zn(OTf), complex [(S,R.S)-1a/Zn(OTf), = 2.2/1] (lower) in CDCls.
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Figure S3. MALDI-TOF-MS (DHB) spectra of (S,R,S)-1a/Zn(OTf), complex prepared in-situ in CDCl; [(S,R,S)-1a/Zn(OTf), = 2.2/1].

HRMS [MALDI-TOF (DHB)] (m/z): [Zn + (S,R,S)-1a — H]" calcd for C41H4N,04°*Zn, 689.23523, found, 689.2349.
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GC or HPLC Chromatograms for the Hydroxylation Products 7a-m
Chromatogram

GODO00

s
=
=
=
@
T
=
E

10.0 15.0
Retention Time [min]

Chromatogram Information

User Name Administrator

Date Madified 2010-7-24 180926

Descrigtion

HPLG System MName HPLG

Injection Date 20010-7-24 173433

Wohirme .00 [pL]

Sample Number 1

Project Mame Jay

Acquisition Time £9.0 [rin]

Acguisition Sequence Hydroxylation of benzo-beta-keto Ad oster
Contrel Methed Hydroxylation of benzo-beta-keto Ad ester
Peak ID Table

Calibration Method
Additional Infarmatian

Channel & Peak Information Table

Chromatogram Name Jay=13-1-rac-CH1

Sample Narme

Channel Name CH1

Samgling Intarval 500 [msec]

Peak Method [(Manual)

Formula

Ducision

# | Peak Name | CH [ 4R [min] | Area [v-sec] | Height ] | Areat | Heights | Ouantity | NTE | Resolution | Symmetry Fastor | Warming
1furknown [ 15583 paasode  a68347] 4emid  eoods]  moa]  asry 10 453 [EE |

hoown | 1| 24450 soszezd]l  2a41z7] sozed sosy woAl  samd W 141
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Chromatogram

1000000

S
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X
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10.0 15.0 2000
Retention Time [min]

Chromatogram Information

User Name Administrator

Date Modified 2010-7-24 18:54:12

Dascription

HPLC System Name HPLC

Injection Date 2M0-7-24 180302

Yolume 2.00 [wl]

Sample Number 1

Progect Name Jay

Acquisition Tirme 89.0 [min]

Acquisition Sequence Hydroxylation of benzo-beta—keto Ad ester
Control Mathad Hydrexylation of benze-beta-keto Ad ester
Paak 1D Table

Calibration Mathad

Additional [nformation

Channal & Peak Information Table

Chromatogram Mame Jay=13=1-CH1

Sample Name

Chanmel Namse CH1

Sampling Interval 500 [msec]

Peak Method {Marual)

Formula

Decisicn

& | Peak Hame | &4 [ tR [min] | Area [V sec] | Height [bV] | Areat | Heights [ Guantity [ NTP [ Resalution [ Symmetry Factor | Waming
[ 1 15,647 13136123 sondtd]  soasel  esamel  wea]l  amid 11.714 [EET|
Hurkrowm T 111474 aa51  oea] otz wea]  vaesy I 0,505
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Chromatogram

500000

=
2
=
H
2
=

6.0 8.0
Retention Time [min]

Chromatogram Information

User Hame Adrministrator

Date Modified 2010-7-25 (:42:59

Description

HPLC System Namea HPLC

Injection Date 2010-7-25 0:20:07

Yolume 200 [uL]

Samgple Number 1

Project Mame Jay

Acquisition Time 50,0 [min]

Acguisition Sequence Hydroxylation of benzo-beta-keto tBu ester
Control Method Hydroxylation of benzo-beta-keto tBu ester
Peak ID Tabla

Calibration Method
Additional Information

Channal & Peak Infarmation Table

Chromatogram Mame Jay=13=15-rac=-CH1

Sample Mame

Channal Nama CHI1

Sarmgling Interval 500 [meec]

Peak Method (Manual)

Farrmula

Drecision

# | Peak Name | CH | 1R [min] | Aven [V soc] | Height VI | Accat | Hoight’s | Guantity | NTP | Resolution | Symmetey Factor | Warming
1furk 1 7739 9411557 sa7787]  4psny 6o weal  sany 06 1154

Erm— i 12.125] 9603514 ar078] sosod 2amsi]  wl sing e 1163
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Chromatogram
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Retention Time [min]

Chrematagram Information

Usar Narma Administrator

Date Modified 2000-7-25 1:50:23

Description

HPLC System Nama HPLC

Injection Date 2010-7-25 1:23:29

Volume 050 [ul]

Samphe Number 1

Project Mame Jay

Aoquisition Time 59.0 [min]

Acquisition Sequence Hydroxylation of benzo-beta~keto tBu ester
Control Method Hydroxylation of benzo-beta-heto tBu aster
Peak ID Table

Calibration Method
Additional Infarmation

Channal & Peak Information Table

Hiay-13-15 - CH]|

Chromatogram Mame Jay=13=15-CH1
Sample Name
Channal Mame CH1
Sampling Interval 500 [mses]
Peak Method {Manual)
Farrnula
Decision
# | Peak Name | GH | 1R [min] | Area [vsec] | Height ] | Areat | Heights | Quantity | NTP | Resolution | Symmetry Faotor | Waming
ik 1 143 15445241 e s I B 8144 1.2308
[ 12 200] 51024 wsel  zea] s wa] sexd NN KE |
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Chromatogram Information
User Name

Date Modified
Degcription

HPLG System Name
Injection Data
Wialurme

Sample Number
Project Name
Acquisition Time
Acquisition Sequence
Control Method

Peak 1D Table
Calibration Mathad
Additional Information
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Chromatogram

Administrator
2000-T7-24 162727

HPLC
2010-7-24 152201
20,00 [ul]

day

B4,

0 [min)

15.0
Retention Time [min]

Hydroxylation of benzo-beta-keto Me ester
Hydroxylation of benzo-beta-keto Me ester

Channel & Peak Information Table

Chramatagram Narma Jay=13-14-rac-CHI1

Sample Name

Channel Name CH1

Sampling Interval 500 [meec]

Paak Mathad (Manual)

Formula

Decision

# | Paak Nama | CH | tR [min] | Area [iV-sec] | Height V] | Area | Heights | Quantity] NTP [ Rasolution | Symmatry Factor | Warning
1 1| 20217 1287357 z3p047] 49879 51897 Mol 10673 1563 .30

[l 7232608 2z0ea0] moa2i] smioa] w0887 Ny 1354
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Chromatogram

S0

=
~
>
5
E
£

10.0 15.0
Retention Time [min]

Chromatagram Information

LUsar Mame Administrator

Date Modified HN0-T7-24 16:28:27

Description

HPLC System Hama HPLC

Inpection Date 200-7-24 16:01:24

Volume 200 [pL]

Sample Number 1

Project Name Jay

Acquisition Time 89,0 [rin]

Acquisition Sequence Hydroxylation of benzo-beta-keto Me ester
Contrel Method Hydroxylation of benzo-beta-keto Me aster
Paak ID Table

Calibration Mathod
Additional Information

Channel & Peak Information Table

Chromatogram Narms Jay=13-14-CHI
Sample Hame
Channel Name CH1
Samgling Interval 500 [msec]
Peak Method (Manual)
Forrmula
Deacision
# | Peak Name | & | tR (min] | Area G sec) | Hetght (] | Areas | Heights | Guantity | TP | Resolution | Symmetry Factor | Waming
nknavn 1| zozs 13605773 apizen|  snopd  sdmn]  wea]l 1044 2oy 1,335
v | 1 | z1esd 103104 zarad]  amd  sasd  we] 1220 | 1339
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Chromatogram Infermation

User Mame
Date Modified
Desgeription

HPLG Systern Name

Injection Data
Valums

Sample Mumbear

Project Name

Acquisition Time
Acquisition Sequance

Gontrol Method
Peak D Table

Calibration Method

Additional Information

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2011

Chromatogram

15.0 20.0
Retention Time [min]

Administrator
2010-4-28 152107

HPLG
2010-4-29 14:33:26

1.00 [uL]
1

Jay

89.0 [min]

Hydroxylation of 5-F-banzo-bata-kato Ad ester
Hydroxylation of 5-F-benzo-beta-keto Ad ester

Channel & Peak Information Table
Chromatogram Namse

Sample Name
Channal Nameg

Sampling Interval

Peak Method
Fosrrmula
Decision

Jay-13-21-rac-CH1

GHI
500 [msec]
(Manual)

LR [min]

Area [iWsec] | Height [uv] | Aread | Heighth | Guantity | NTP | Resolution | 5

13475

zeoos]  gossd  seord  wea]l sed] 1500

1313

26338

51 vzesy soaaq] maer] woa]  ased w

1.360

64



1500000
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Chromatogram Informaticn

User Name

Date Modified
Dszgription

HPLG System Narme
Injection Date
Walume

Sampla Numbar
Prggect Mame
Acquisition Time
Acquisition Sequence
Control Mathad

Peak I Table
Calibration Method
Additional Information

Channel & Peak Information Table

Chromatogram

15.0 20.0
Retention Time [min]

Administrator
2010-4-29 16:12:14

HPLG

2010-4-20 152302

1.00 1]

1

Joy

89.0 [min]

Hydroxylation of S-F-benzo-beta-keto Ad ester
Hydrawylation of 5-F-benzo-beta-keto Ad ester

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2011

Chromatagram Name Jay=-13-21-CH1

Sample Name

Channel Name CHI

Sampling Interval 500 [msac]

Peak Method (Manual)

Farmila

Dacisien

# | Posk Hama | o4 | 1R [nin] | Ares v eoc] | Height [v] | Arest | Heights | usotity | NTR | Resolution | Symenetry Factor | Waming
1 13.33 17329670 Mol siead 97977 L T 15474 1346
1| 250 594209 s3] amd  zez]  wa] geny N4 1.078]
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Chromatogram

A00000
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z
@
B
£

10.0

15.0
Retention Time [min]

Chromatogram Information

User Hame Administrator

Date Modified 2000-7-24 20:55:30

Description

HPLC System Name HPLG

Injection Date 2000-T7-24 2001842

Wl 2,00 [L]

Sample Number i

Project Name Jay

Acquisition Time 59.0 [rrin]

Acquisition Sequence Hydraxylation of 5-Cl-benzo-bata-keto Ad aster
Control Method Hydroxylation of 5-Cl-benzo-beta—keto Ad ester
Poak 1D Table

Calibration Method

Additional Infarmation

Channel & Peak Infermation Table

Chromatogram Mame Jay=13-3T-rac-CHI
Sample Narme
Channel Mame CH1
Sampling Interval 500 [msec]
Peak Method {Manual)
Formula
Drecision
2 | Peok Name | CH | R [min] | Area [V-soc] | Height [bv] | Areah | Heighth | Quantity | NTR | Resolution | Symmetry Fagtor | Warning
1 [ 13.142] szagzad]  zaemoa]  angen 656 WAl pesd 14374 133
i za839] 5250408 1265460 50000  aasae]  wol ased NN 1317
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Chromatogram

1500000

1000000

—
3
[
o
W
g

10.0 20.0

15.0
Retention Time [min]

Chromatogram Informathoen

User Narme Admiénistrator

Date Modified 20517 17-42:45

Description

HPLC System Name HPLC

Injection Date 2000-5-17 170217

Volums 050 [L]

Sample Number i

Project Mame Jay

Acquisition Time 89.0 [min]

Acquisition Sequence Hydrewoylation of 5-Cl-benzo-bata-keto Ad ester
Control Method Hydroxylation of 5-Cl-benzo-beta—keto Ad ester
Peak 1D Table

Calibration Method

Additional Information

Channel & Peak Information Table

Chromatogram Mame Jay=-13-37-CH1

Sample Narme

Channel Name CH1

Sampling Interval 500 [msec]

Paak Mathod {Manual)

Formula

Dupcigion

it | Peak Name | CH | tR [min] | Arca [uV-sec] | Height [wV] | Areat | Heights | Guantity | TP | Resolution | Symmetry Factor | Warning
[ 12847 15465552 goange]  orssd  omase  woal miad 14 5408 1323
1 24,433 2a7545 wreg|  24e 1539 NAA 9700 M/ 1093




GODOIND

=
=
=1
[l
.
=
.'%
=

Chromatogram Information

User Narme

Date Medified
Description

HPLC System Hame
[njection Date
Yolume

Sample Nurmbar
Project Marme
Acquisition Time
Acquisition Sequence
Control Mathod
Peak 1D Table
Calibration Method
Additional Infarmation

Channel & Paak Infarmation Tabla

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2011

Chromatogram

15.0 25.0 30.0

20.0
Retention Time [min]

Administrator
2010-4-29 21:57:16

HPLC

2010-4-29 20:48:17

1.00 [ul]

1

Jay

BE.0 [min]

Hydroxylation of 5-Me-benzo-beta—keto Ad ester
Hydroxylation of 5-Me-benzo-beta-heto Ad asber

Chromatogram Name Jay=13=23=-rac-CH1

Sample Name

Channel Namea CHI1

Sampling Interval 500 [msec]

Peak Method (Manual)

Farmula

Decision

# | Peak Nane | O | R Tmied] | Acoa G sec] | Height V] | Aceas | Heighes [ Guantity | NTP | Resolution | Symmetry Factor
1 1 11373100 aroen]  gon| eeosd  weal miag  nasod 1414

I 11505303 215052) sozed  2asee]l  noAl aoed w/af 1333
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Chromatogram
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B
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g

I' T
15. 20,0
Retention Time [min]

Chromatogram Information

LUger Mama Administrator

Date Modified 2010-4-29 22:54:50

Daseription

HFLC System Name HPLEC

Inpection Date 2010-4-20 22:01:20

Volume 100 [uL]

Sample Mumbear 1

Project Name Jay

Aecquisition Time £9.0 [min]

Acguisition Sequence Hydroxylation of 5-Me-benzo-beta-keto Ad ester
Contrel Mathod Hydroxylation of 5-Me-benzo-beta-keto Ad seter
Poak IC Tablo

Cabibration Method
Additional Information

Channal & Peak Information Table

Chromatogram Name Jay=13=23-CH1

Sample Name

Channal Namg CHI

Sampling Interval 500 [msec]

Peak Method (Manual)

Foarrmula

Diecision

& | Peak Mame | CH | U [min] | Area [Vosec] | Height V] | Areat | Heights | Guantity | NTP | Resalution | Simmetry Fagtor | Waming
| T— 1 15758 21182447 mozrae]  sastl onose]  moal  7esd 15 630} 1.341]
Hrknawn 1| ansz 5304 aise]  1az]  osod  wea]  1ois2 | 1,158
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Chromatogram Infarmation
User Hama

Date Modified
Desarption

HFLG System Mame
Injection Dats
Walurme

Semple Nurmber
Prawet Mome
Asquisition Time
Acquisition Sequence
Contral Method

Peak ID Table
Calibration Method
Additicnal [nformation

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2011

Chromatogram

20.0 25.0
Retention Time [min]

Administrator
2010-4-28 17.03.50

HPLG

2010-4-28 161607
1.00 (L]

i

Joy

880 [man]

30,0

Hydroxylation of 5-MeO-benzo-beta—koto Ad ester
Hydroxylation of 5-MeO-benro-beta~keto Ad ester

Channal & Peak Information Table

40.0

45.0

Chromatogram Name Joy—13-24-rac-CHI

Samgple Name

Channsl Name CH1

Samapling Intarval 500 [maec]

Prak Method (Manal)

Formula

Desislon

# | Pesk Mama | GH | 0 [min] | Aves [ swc] | teigha [uv] | Areat | teighes | ouantity | NTP | Resolution | Symmetry Factor | Warring
[ 1| o wysipy  znany anpw] eamon]  woa] s 1emid 1314
2irkncwm 1| asaay T T A 1 28]
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Chromatogram

1500000

1000000
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SO0000

Chromatogram Informaticn

B e e |

10,0 15.0

™ T

20.0

o

25.0

Retention Time [min]

1 T r

30.0

User Name Administrator

Date Modified 2010-4-29 18:09:33

Description

HPLG System Name HPLC

Injection Date 2010-4-29 170554

Vialume 1,00 [p]

Sample Number 1

Prggect Mame Jay

Acquisition Time 89,0 [min]

Acquisition Sequence Hydrowylation of 5-MeO-benzo-beta-keto Ad ester
Contral Mathad Hydrawylation of 5-Mal-banzo-bata-hata Ad aster
Peak 1D Table

Calibration Method

Additional Information

Channel & Peak Information Table

L ]

35.0 40.0

45.0

Chromatagram Name Jay-13-24-CH1

Sample Name

Channel Name CHI

Sampling Interval 500 [msac]

Peak Method {Manual}

Farmila

Decision

# | Posk Hama | o4 | 1R [nin] | Ares v eoc] | Height [v] | Arest | Heights | usotity | NTR | Resolution | Symenetry Factor | Waming
i ZABR5SH0) 691290 w0t 98794 oL R 12 525 1.363
[ 48375 aa3]  1o2d 120wl suig | 1.183
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Chromatogram

100D

SO0

=
=
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=

10.0 20.0

15.0
Retention Time [min]

Chromatogram Information

User Harme Administrator

Date Modified 2010-T-24 2001613

Deascription

HPLGC System Name HPLC

Injection Date 2010-7-24 19:38:28

Volume 200 [pL]

Sampls Numbear 1

Project Nama Jay

Acquisition Time 59.0 [min]

Acquisition Saquenca Hydraxylation of 4-Cl-benzo-bata-keto Ad ester
Control Mathod Hydroxylation of 4-Cl-benzo-beta—keto Ad ester
Peak 10 Table

Calibration Method

Additional Information

Channel & Peak Information Table

Chromatogram Name Jay=13-90-rac—-CHI1

Sample Name

Channel Name GH1

Sampling Interval 500 [msec]

Peak Method {Manvual)

Formula

Decision

8 | Peak Mame | CH | 4R [min] | Area [1V-sec] | Height [uv] | Aresd | Heights | Quantity | NTP | Resolution | Symmetry Factor | Waming |
[l 1 16 442 1539767 saspan]  gone]  erese  weal  sa| 11008 B
Yrkrgen ] 26ATS 15645474 amgry  sospd  mag R Hoa 1364
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Chromatogram Information

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2011

Chromatogram

10,0

15.
Retention Time [min]

0

20,0

User Mame Administrator
Date Madifiad 2010-6-19 D:41:20
Description
HFLC Systarm Mame HFLG
Injection Date 2000-6-18 23:38:29
Velume 1.00 [uL]
Samgle Mumber 1
Project Name Jay
Acquisition Time 58.0 [nin]
Acguisition Sequanca Hydroxylation of 4-Cl-benzo-beta-keto Ad aster
Contrel Method Hydroxylation of 4-Cl-benzo-beta~keto Ad ester
Peak ID Table
Cabibration Method
Additional Information
Channal & Paak Infarmation Tahla
Chromatogram Name Jay=13-90-CH1
Sample Mame
Channal Marma CHI1
Sampling Interval 500 [msec]
Paak Mathod [Manual)
Forrmula
Decision
£ | Peak Mame | CH | 1R [min] | Area [Vseo] | Heght [v] | Areat | Heightts | Guantity | NTP | Resohution | Symmetry Fagtor | Waming
MUrkncwn 1 15625 2605THEY Emﬂ 98051 S5 453 A THF 11,2503 1,368
ik 1 25 200 51m |"3ﬁ5| l.ﬁ-l-'q 1.507 MM 1Dliq /A 1060
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Supplementary Material (ESI) for Chemical Science
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Chromatogram

Chromatogram Information
User Mame

Date Modified
Description

HPLG System Name
Injection Date
Viodunme

Sample Number
Project Name
Acquisition Time
Acquisition Sequence
Control Method

Peak ID Table
Calbration Method
Additicnal Information

Channel & Peak Information Table
Chromatogram Mame

10.0 15.0
Retention Time [min]

Administrator
2010-5-10 2252349

HPLC

2010-5-10 22:10:07

300 [ull

1

Jay

89.0 [min]

Hydroxylation of benzo-G-ring Ad ester
Hydroxylation of benzo-G-ring Ad ester

Jay—13-Bd-rac-CHI

Sample Nama

Channel Name CH1

Samphing Interval 500 [msec)

Paak Method (Manual)

Formula

Decision

& [ Peak Name | GH | 4R [min] | Aren [k sec] | Height [V | Arest | Heights | Guantity [ TP | [ Symenetry Factor | Warning |
nknewm 1 1a0es]  o2svdsdl  amiaze]l  aomadl eran  woa]  adad 10000 1.a21]
Prkrigem v meso] osssnd zeweor] sozed  sssed  wea]l asn FE| 131
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Chromatogram Information
User Narra

Date Modified
Description

HPLC System Name
Injection Date
Wolume

Sample Mumber
Project Name
Acquisition Time
Acquisition Sequence
Centrol Method

Poak 1D Table
Calibration Method
Additional Information

Supplementary Material (ESI) for Chemical Science
This journal is (c) The Royal Society of Chemistry 2011

Chromatogram

0.0 15.0
Retention Time [min]

Admanistrator
2010-7-24 20041016

HPLG

2000-6-11 154656

1.00 [iiL]

i

iy

59.0 [min]

Hydrawylation of benro-8-ring Ad estar
Hydroxylation of benzo—6-ring Ad ester

Channel & Peak Information Table

Chromatogram Mame Jay-13-B4-CH1

Sample Mama

Channel Name CH1

Sampling Interval 500 [msec)

Peak Method {Manual}

Formmla

Dacision

# | Poa Name | CH | 1R [mir] | Avea [Vsee] | Height [v] | Areat | Heights | Quantity | NTP | Resalution | Symenetry Fagter
i 1 13067 ipnaared  eoteod] srodl  e7aed  neal  a3e0 11253 .33

1| z083] 407734 EEEEE I T R | 1214
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Chromatogram

g
-

z
Fur
]
=

:

(N1 B.O 10.0
Retention Time [min]

Chramatagram Infarmation

Usar Hame Administrator

Date Modified 2010-7-25 16:29:50

Description

HPLC Systam Mame HPLC

Injection Date 2010-7-25 16:08:14

Velume 30.00 [uL]

Samgle Number 1

Praject Name Jay

Aoquisition Time 59,0 [min]

Acguisition Sequence Hydroxylation of S-ring Ad ester
Contrel Method Hydroxylation of S-ring Ad ester
Feak ID Talsla

Calibration Method
Additional Infarmatian

Channal & Paak Information Tahla

Chromatogram Name Jay=13=7T=-rac=-CH1

Samgle Name

Channal Narme CH1

Samgling Interval 500 [msec]

Poak Method {Manual)

Farrmiula

Decision

# | Peak Name | &H | 1R [min] | Avea [V sec] | Heaght [V] | Accats | Hesghtts | Guantity | NTP | Resohution | Symmetry Factor | Waming
unknowm 1 0 207 11381649 si4798 48797 54779 s a6 162

r— [ 11,175 11942718 a662a0]  sizof a5z noal s e 1749
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Chromatogram
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200000

Chromatogram Information

User Narme Administrator

Date Modified 2010-6-4 0:06:53

Description

HPLG System Mame HPLC

Injection Date 2010-6-3 23:45:18

Yaolume 5.00 L]

Sample Number i

Project Mama Jay

Acquisition Tima 59.0 [min]

Acquisition Sequance Hydraxylation of S-ring Ad ester
Gontrol Method Hydroxylation of 5-ring Ad ester
Peak 1D Table

Calibration Method
Additional Informatian

Channel & Peak Information Table

Chromatogram Hame Jay-13-TT-rac-CH1

Sample Mame

Channel Hame CH1

Sampling Interval 00 [msec]

Peak Method (Manuall

Formula

Decision

# | Peak Mame | CH | 1R [min] | Aren [V soc] | Hoight [v] | Areat | Heightt | Guantity | NTP | Resobution | Symmetey Factor | Warming
i i #9853 awssad  2asam|  semy  eeSel G BEE 4777 1.547

HEE 47977 aaes] el i sl izeed H A 0473
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Data File D:\HPCHEMM\I\DATANJAYY13-76-R0O.D Sample Name:

bata=120

Injection Date ¢ 571472010 5:09:26 AM

Zample Hame : jay=13=7é-rac Location : Vial 1
Bog. Operator : Jay Inj : 1

Inj Volume : External
Reg. Methad t De\HPCHEMM 1\METHODS\JRY\AYDOXY~1 .M
Last changed t 5/L4/2010 4:16:14 AM by Jay
Analysis Matheod : D:\HPCHEM\1\METHODS\OFFGI2.M
Laat changed : /2372010 3:17:44 FM by wujiang

{modified after loading)

jay-13-Té-rac

FIDT &, {JAYV:31.RO.D)
#]
20 o o
oo (e
: 2
75
704
65
60
:\"n_ S
e ] -
L 2 10 15 0 25 30 i
Area Percent Report
Sorted By : S5ignal
Multiplier 1 1.0000
Dilution E 1.0000
Signal 1: FID1 A,
Peak RetTime Type Width Area Helight Area
¢ [min] (min]  [pA*s] (PR %
mmmm | mmmmm—e | mm—m | m e | m e ———— | mm——————— | m————
1 27.378 MM 0.281% 31€.35504 18.70178 49.72082
2 28.445 MM 0.2805 31%.901147 1B.4le54 50.27948
Totals 1 63€,26651 37.11832
Resulta cobtained with enhanced integrator!
S N O A A A 0 O A A D O O O O LR .
**x End of Report =**
Instrument 1 7/23/2010 3:18:35 FM wujiang Page L of 1
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Data File D:\HPCHEM\1\DATR\JAY\13-7€000.D Sample Name: jay-13-76

betalll

Injection Date : &/4/2010 12:25:50 AM

Sample Hame : jay-13-7¢ Location : Vial 1
Acg. Operatsr : jay Ing 1

Inj Wolume : External
Acg. Method ¢ D:\HPCHEMA LAMETHODS\ JAY\RYDOXY~1.M
Last changed t S/2B/2010 B:53:29 AM by wujiang
Analysis Method : D:\HFCHEM\1\METHODS\OFFGCIZ.M
La=t changed t TS23F2010 3:13:32 BPM by wujlang

(modified after loading)

FIDT A, [JAYL13-TE000.D)
o4
50
200 o 0
e O
2,50-_ -
5 :
m_ Ll
1504
100 4
] L]
] L | 1 . ﬁl
a7
T — T T S T .
a 5 10 15 0 28 39 mir}
Area Percent Report
Sorted By H Signal
Multiplier t 1.0000
Dilucion t 1.0000
Signal 1li FID1 A,
Peak RBetTime Type Width Area Height Area
#  [min] [min]  [pA*s] [pA] %
mmmm | mmmmm— | mmme | mmm———— | mmm - | s mm—————— | ————
1 27.080 BB 0.2412 2444.23779 139.61880 97.52278
2 28.344 B .2245 62.08709 3.704%8 2.47722
Totals : 2506.324868 143.32338
Fesults obtained with enhanced integrator!
Inatrument 1 7/23/2010 3:16:19 PM wujiang Page 1 of 1
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HPLC Report

Date Time: 2010-06-19,0:23:41

Quartification: Area’Areal

Dare/Time: 2010-06-18,0:22:04
Duian File: D:FFLO Jaydots’ jer=131-80-fac. oryg

Sample Description]
AS=iL 955 0.7 ml/min, 210nm

Chrosstogres ar=13=80—rac. orgl

00
550
L o]
A%H CI
AD0 (racy i
- 350 ]
£ 30 s §
Z 250 ]
20
15
100 I
S
1 A UL
g 1 2 31 & S5 & T. A 4 W@ W @2 B W s
Tinseimm}
Results
Peak Xo. Pealk ITH Ret Time Meighs Ares Cone.
1 10 %62 281094 438 ADBETOT. 740 49 1264
2 11322 255228 406 F2O0FEE, D) 50,6735
Total 536312844 E2E5075.T0 100, Q0
HPLC Report
Date/Time: 2010-06-18,0:02:20 Date/Time: 2010-06-18, 0:05:24
Data File: D:VHPLCJay'data' jay-13-89, org Quantification: Area/Area%
Sample Deseription:
AS-H, 95/5, 0.7 gl/min, 210nm
00 Chrosatogram (jav—13-89, org)
450 O
8]
400 (o]
-+
50
2
300 J z
z -
= 250
= 200
150
100
g
© =
0 A _.-'\..I
o 1 2 3 4 5 i3 T B a i [i] 1 12 13 14 15
Tane{min)
Results
Peak Moo Peak ID Ret Time Height Area Cone.
1 10,657 11509.521 151184.703 3.4064
2 11.300 267650188 4287002.000 96,5936
Total 279159.708 38276703 100 (00
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HPLC Report

Date Time: 2010-07-24, 10;35:59

Datve Time: 2000-07-24, 10:39:05

Data File: DiVHPLO W Jny'\data) jar-13-30-rac. org Quantificarion: Area/Areat

Sample Descriptiom:
AD=S, o010, 1.0 ml/min 216ns

00 Chromatograa {jey=13~30=rac. org}
160
)
170 o
160
14 ack O [2]
140 (recy oH
130
10
= g )
E im B
= 0 =
= u -
0 &
& ]
50
40
kel
F.1]
10
i}
D1 23 4 5484786020 415@BITANMDNIDAMBENITENN
Tmsei
Results
Peak Na, Peak ID Rt Tiine Heighit Arra Colt,
1 17065 B4657 813 243TOE3, 500 49,5033
2 24598 57539000 2486889, 500 50,4967
Total 142226 813 AD24E53. (0D 1060000

HPLC Report

Date/Time: 2010-5-12, 11:51:49
Data File: D:‘HPLC)Jav'data' jav—13-30. arg Quantification

Sample Description:
AD-iL 90710, 1.0 ml mim, 21Ena

faw—-13- 1]
200, Chrematogram ( fav-13-30, org

Dote/Time: 2010-5-12. 11:54:54
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Results
Peak Mo, Peak ID Het Time Heiglht Area Conc,
1 16.032 BO344.758 2413847500 905786
2 23.733 343,115 10214,751 04214
Total EDGETETE 2424062.251 100,0000
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