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1. General

All chemicals and solvents were used as received unless otherwise stated. Toluene
(Na), CH,Cl, (CaH,), hexane (Na) were distilled under argon using the drying agents
indicated in the parentheses. Aryl Grignard reagents of 8b, 8c and 8j were
commercially available; 2-thiophenyl lithium was prepared via a metal-halogen
exchange of 2-bromothiophene with n-butyl lithium; 4-trifluorophenyl magnesium
chloride was prepared according to the literature.” '"H NMR spectra were recorded
with a 400 MHz NMR instrument; 3C NMR spectra were recorded with a 100 MHz
NMR instrument. Abbreviations for '"H NMR: s = singlet, d = doublet, t = triplet, m =

multiplet; carbon atoms were determined by DEPT experiments.

2. Synthesis of a-ketoesters

All a-ketoesters were either commercially available or prepared according to the
literature:™ o-ketoesters 8a and 8d-f were prepared by the Friedel-Crafts reaction
between the corresponding substituted benzene with methyl oxalyl chloride;” 8h were
synthesized through a nucleophilic addition of furyl cuprate to methyl oxalyl
chloride.® Aliphatic a-ketoester 8k was synthesized by converting the commercial
available 2-Oxo0-4-phenyl-butyric acid ethyl ester to its methyl ester.® a-ketoesters 8b,
8¢, 8g, 8i and 8j were prepared by a modified procedure shown below:

Representative Experimental Procedure for Preparation of a-ketoester 8b. A 50

mL flask containing a magnetic stir bar, Cul (2.1 g, 11 mmol) and THF (5.0 mL) was

cooled to —78 °C before the dropwise addition of 3-tolyl magnesium chloride (10
mmol, 1.0 M in THF). The flask was warmed to —20 °C, kept for 60 minutes and
cooled to —78 °C again. Methyl oxalyl chloride (1.0 mL, 11 mmol) was added
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dropwise to the flask. The reaction mixture was stirred at =78 "C for 30 minutes and

slowly warmed to room temperature. After being stirred for 8 hours, the reaction was
workup according to the literature® to give an orange to light brown oil, which was
purified by column chromatography (ethyl acetate/ hexanes= 1:6) to yield a light

yellow oil (1.13g, 63%).

Compound Characterization Data

O
COQMG

Me
Oxo-p-tolyl-acetic acid methyl ester (8a)

A light yellow oil. "H NMR (400 MHz, CDCLy): ¢ = 7.91-7.88 (m, 2H), 7.31-7.28 (m, 2H),
3.96 (s, 3H), 2.42 (s, 3H); °C NMR (100 MHz, CDCL): = 185.6 (C), 164.2 (C), 146.3
(C), 130.1 (CH x2), 129.9 (C), 129.5 (CH x2), 52.6 (CH3), 21.8 (CH3); IR (neat) 756.9 (s),
1008 (s), 1172 (s), 1207 (s), 1217 (s), 1606 (s), 1686 (s), 1741 (s), 2849 (m), 2923 (m),

2956 (m), 3027 (m) cm'l; HRMS calculated for CioH1905 178.0630, found 178.0628.

O

M
© CO,Me

Oxo-m- tolyl-acetic acid methyl ester (8b)

A light yellow oil. "H NMR (400 MHz, CDCLy): ¢ = 7.79-7.78 (m, 2H), 7.47-7.45 (m, 1H),
7.40-7.36 (m, 1H), 3.96 (s, 3H), 2.41 (s, 3H); ?C NMR (100 MHz, CDCls): 6 = 186.2 (C),
164.1 (C), 138.7 (C), 135.7 (CH), 132.2 (C), 130.2 (CH), 128.7 (CH), 127.2 (CH), 52.6

(CH3), 21.1 (CH3); IR (neat) 754.5 (m), 1021 (m), 1037 (m), 1152 (s), 1235 (s), 1316 (m),
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1435 (w), 1585 (m), 1604 (m), 1686 (s), 1741 (s), 2847 (m), 2917 (m), 2956 (m), 3027 (m)

cm'l; HRMS calculated for CioH ;005 178.0630, found 178.0631.

Me O
COzMe

Oxo-0-tolyl-acetic acid methyl ester (8c)

A light yellow oil. "H NMR (400 MHz, CDCL): 0 = 7.68-7.65 (m, 1H), 7.50-7.46 (m, 1H),
7.33-7.28 (m, 2H), 3.95 (s, 3H), 2.59 (s, 3H); °’C NMR (100 MHz, CDCl;): = 188.4 (C),
164.8 (C), 141.2 (C), 133.7 (CH), 132.3 (CH), 132.2 (CH), 131.1 (C), 125.9 (CH), 52.7
(CH3), 21.3 (CH3); IR (neat) 729.4 (m), 1002 (s), 1204 (s), 1284 (m), 1318 (m), 1436 (m),
1457 (m), 1573 (m), 1602 (m), 1687 (s), 1740 (s), 2851 (w), 2931 (m), 2957 (m), 3032

(w), 3068 (w) cm'l; HRMS calculated for C;oH ;005 178.0630, found 178.0628.

O
COQMe

MeO
(4-Methoxy-phenyl)-oxo-acetic acid methyl ester (8d)

White solids. '"H NMR (400 MHz, CDCl): d = 8.01-7.98 (m, 2 H), 6.97-6.94 (m, 2H),
3.94 (s, 3H), 3.88 (s, 3H); °C NMR (100 MHz, CDCL): = 184.4 (C), 165.0 (C), 164.3
(C), 132.6 (CH x2), 125.4 (C), 114.2 (CH x2), 55.6 (CH3), 52.6 (CH3); IR (neat) 1013 (m),
1164 (s), 1214 (s), 1268 (s), 1512 (m), 1573 (m), 1600 (s), 1678 (s), 1739 (s), 2844 (m),

2957 (m), 3012 (m) cm™'; HRMS calculated for C1oH;004 194.0579, found 194.0582.
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@)
COQMG

Cl
(4-Chloro-phenyl)-oxo-acetic acid methyl ester (8e)

A white powder. '"H NMR (400 MHz, CDCls): 6 = 7.99-7.96 (m, 2H), 7.49-7.46 (m, 2H),
3.96 (s, 3H); °C NMR (100 MHz, CDCl): 6 = 184.4 (C), 163.4 (C), 141.7 (C), 131.4
(CH x2), 130.8 (C), 129.3 (CH x2), 52.9 (CHs3); IR (neat) 757.0 (s), 1208 (s), 1589 (s),
1690 (s), 1739 (s), 2849 (m), 2918 (m), 2956 (m), 3029 (m) cm’; HRMS calculated for

CoH7Cl103 198.0084, found 198.0090.

O
COQMG

Br
(4-Bromo-phenyl)-oxo-acetic acid methyl ester (8f)

Colorless needles. "H NMR (400 MHz, CDCL): 6 = 7.91-7.88 (m, 2H), 7.66-7.63 (m, 2H),
3.96 (s, 3H); °C NMR (100 MHz, CDClL): ¢ = 184.6 (C), 163.3 (C), 132.2 (CH x2),
131.4 (CH x2), 131.2 (C), 130.6 (C), 52.9 (CH3); IR (neat) 1004 (m), 1167 (m), 1204 (m),
1698 (s), 1734 (s), 2850 (m), 2921 (s), 2954 (m) cm; HRMS calculated for CoH7BrO;

241.9579, found 241.9579.

@
COZMG
F3C
Oxo- (4-trifluoromethyl-phenyl)-acetic acid methyl ester (8g)
A light yellow oil. '"H NMR (400 MHz, CDCls): 6 = 8.17-8.14 (m, 2H), 7.78-7.76 (m,
2H), 3.99 (s, 3H); °C NMR (100 MHz, CDCL): 6 = 184.5 (C), 163.0 (C), 135.8 (q,
J=33 Hz, C), 135.2 (C), 130.4 (CH x2), 125.8 (q, J= 3.5 Hz, CH x2), 123.3 (q, J=271
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Hz, C), 52.9 (CH3); IR (neat) 768.8 (m), 859.8 (m), 1008 (s), 1068 (s), 1330 (s), 1413
(s), 1439 (m), 1511 (m), 1699 (s), 1744 (s), 2849 (w), 2961 (m), 3015 (w), 3066 (w)

cm’l; HRMS calculated for C,oH7F505 232.0347, found 232.0356.

@)
© CO-M
\ 2V

Furan-2-yl-oxo-acetic acid methyl ester (8h)

Light yellow crystals. '"H NMR (400 MHz, CDCl;): ¢ = 7.76-7.73 (m, 2H), 6.62 (dd, J=
3.6, 1.6 Hz, 1H), 3.94 (s, 3H); °C NMR (100 MHz, CDCL): ¢ = 170.4 (C), 161.2 (C),
149.6 (CH), 149.5 (C), 124.8 (CH), 112.9 (CH), 53.0 (CH3); IR (neat) 761.7 (m), 1038 (s),
1243 (s), 1463 (s), 1673 (s), 1742 (s), 2849 (m), 2957 (m), 3025 (m), 3145 (m) cm™;

HRMS calculated for CtHgO4 154.0266, found 154.0260.

@

S
Mcone

Oxo-thiophen-2-yl-acetic acid methyl ester (8i)

A yellow to brown oil. '"H NMR (400 MHz, CDCl3): 0 = 8.15-8.14 (m, 1H), 7.82-7.81 (m,
1H), 7.19 (dd, J= 5.0, 3.8 Hz, 1H), 3.96 (s, 3H); *C NMR (100 MHz, CDCL): = 175.8
(C), 161.9 (C), 138.9 (C), 137.6 (CH), 137.3 (CH), 128.7 (CH), 53.1 (CHj3); IR (neat)
732.0 (m), 1056 (m), 1211 (s), 1307 (m), 1410 (s), 1664 (s), 1737 (s), 2847 (W), 2915 (w),
2953 (m), 3021 (w), 3104 (m) cm'l; HRMS calculated for C;HgOsS 170.0038, found

170.0030.

S5



O

T e

Naphthalen-2-yl-oxo-acetic acid methyl ester (8j))

A bright yellow oil. "H NMR (400 MHz, CDCL): ¢ = 8.55 (d, J= 1.2 Hz, 1H), 8.04
(dd, J= 8.6, 1.8 Hz, 1H), 7.98-7.87 (m, 3H), 7.67-7.62 (m, 1H), 7.59-7.55 (m, 1H),
4.02 (s, 3H); °C NMR (100 MHz, CDCls): 6 = 185.9 (C), 164.1 (C), 136.3 (C), 133.5
(CH), 132.2 (C), 130.0 (CH), 129.7 (C), 129.6 (CH), 128.9 (CH), 127.9 (CH), 127.1
(CH), 123.9 (CH), 52.8 (CHj3); IR (neat) 760.7 (m), 1007 (m), 1027 (m), 1123 (s),
1170 (s), 1249 (m), 1319 (m), 1436 (m), 1465 (m), 1596 (m), 1626 (m), 1682 (s),
1740 (s), 2855 (w), 2914 (m), 2955 (m), 3024 (m), 3063 (m) cm’; HRMS calculated

for Ci3H;003 214.0630, found 214.0627.

O

PhAACOgMe

2-Oxo0-4-phenyl-butyric acid methyl ester (8k)

A colorless oil. "H NMR (400 MHz, CDCL): ¢ = 7.292-7.242 (m, 2H), 7.221-7.164
(m, 3H), 3.835 (s, 3H), 3.168 (t, J= 7.6 Hz, 2H), 2.946 (t, J= 7.6 Hz, 2H) ; °C NMR
(100 MHz, CDCL): 6 = 192.8 (C), 160.9 (C), 139.8 (C), 128.2 (CH, x2), 128.0 (CH,
x2), 126.0 (CH), 52.47 (CH3), 40.56 (CH,), 28.54 (CH,); IR (neat) 699.9 (m), 1068
(m), 1253 (m), 1455 (m), 1604 (w), 1731 (s), 1868 (w), 1890 (w), 1951 (W), 2955 (m),

3028 (m), 3064 (m), 3086 (w).

3. (-)-MITH Catalyzed Asymmetric Methylation to

o-Ketoesters
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Representative Experimental Procedures of (—)-MITH Catalyzed Asymmetric

Methylation to a-Ketoesters. A flamed dried flask containing (—)-MITH (25.5 mg,

0.1 mmol) was added dimethylzinc solution (4.1 mL, 0.73 M, 3.0 mmol). After being
stirred at room temperature for 10 minutes, triethyl borate (21 uL, 0.125 mmol) was

added. The mixture was kept at room temperature for another 5 minutes, before it was

cooled to —50 °C. After 10 minutes, methyl benzoylformate (71 pL, 0.5 mmol) was

added to the mixture, and the mixture was stirred at —50 °C for another 22 hours.

Saturated NH4Clg) (3 mL) was added to stop the reaction, and the mixture was
acidified with 1 N HCl,q (20 mL) and extracted with CH>Cl, (30 mL x3). The
combined organic solution was dried over Na,SO4 and concentrated to give a light
yellow oil, which was purified through column chromatography (ethyl acetate/
hexanes= 1:6) to yield a colorless oil (77 mg, 85%). Chiral HPLC analysis (Chiralcel

OD-H, 2-propanol/hexane (2:98), 0.5 mL/min flow rate, uv 254 nm) showed 79% ee.

Compound Characterization Data

Me QH
COQMG

2-Hydroxy-2-phenyl-propionic acid methyl ester (7a)
A colorless oil. [a]p>* +55 (¢ 1.3, CHCL); '"H NMR (400 MHz, CDCl): 6 = 7.54-7.52
(m, 2H), 7.36-7.32 (m, 2H), 7.30-7.26 (m, 1H), 3.76 (s, 3H), 3.73 (s, 1H), 1.77 (s, 3H);

3C NMR (100 MHz, CDCl3): 6 = 176.1 (C), 142.7 (C), 128.3 (CH x2), 127.8 (CH),
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125.1 (CH x2), 75.7 (C), 53.2 (CH3), 26.6 (CHs3); IR (neat) 756.9 (s), 1216 (m), 1257
(m), 1447 (w), 1731 (s), 2921 (m), 2955 (m), 3018 (m), 3515 (br) cm”; HRMS
calculated for C;oH;,03 180.0786, found 180.0791. Chiral HPLC analysis: Chiralcel
OD-H, 2-propanol/hexane (2:98), 0.5 mL/min, uv 254 nm; tg= 19.15 min (90.5%),

20.72 min (9.5%), 81% ee.

Me QH
CO,Et

2- Hydroxy-2-phenyl-propionic acid ethyl ester (7b)

A colorless oil. [a]p” +15 (¢ 1.1, CHCL); 'H NMR (400 MHz, CDCLy): J = 7.55-7.53 (m,
2H), 7.36-7.27 (m, 3H), 4.28-4.14 (m, 2H), 3.77 (br, 1H), 1.76 (s, 3H), 1.24 (t, J= 7.2 Hz,
3H); ">C NMR (100 MHz, CDCL): ¢ = 175.6 (C), 142.8 (C), 128.3 (CH x2), 127.7 (CH),
125.1 (CH x2), 75.6 (C), 62.4 (CH»), 26.7 (CH3), 14.0 (CH3); IR (neat) 757.6 (s), 1150
(m), 1216 (m), 1252 (m), 1644 (m), 1725 (s), 2937 (m), 2985 (m), 3017 (m), 3444 (br)
cm'l; HRMS calculated for C;;H;403 194.0943, found 194.0952. Chiral HPLC analysis:
Chiralcel OJ, 2-propanol/hexane (2:98), 1.0 mL/min, uv 254 nm; tg= 9.60 min (68.0%),

16.34 min (32.0%), 36% ee.

Me QH
COzi-Pr

2-Hydroxy-2-phenyl-propionic acid isopropyl ester (7¢)
A colorless oil. [a]p® +10 (¢ 0.89, CHCLy); 'H NMR (400 MHz, CDCLy): 6 = 7.55-7.52
(m, 2H), 7.35-7.30 (m, 2H), 7.28-7.25 (m, 2H), 5.03 (septate, J= 6.3 Hz, 1H), 3.80 (br,

1H), 1.74 (s, 3H), 1.27 (d, J= 6.2 Hz, 3H), 1.16 (d, J=6.2 Hz, 3H); *C NMR (100 MHz,
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CDCl): 0 = 175.1 (C), 142.9 (C), 128.2 (CH x2), 127.6 (CH), 125.1 (CH x2), 75.5 (C),
70.3 (CH3), 26.6 (CH3), 21.6 (CHs), 21.4 (CHs3); IR (neat) 757.3 (s), 1648 (m), 1717 (m),
2853 (m), 2927 (m), 3017 (m), 3449 (br) cm™'; HRMS calculated for Cj.Hi605 208.1099,
found 208.1103. Chiral HPLC analysis: Chiralcel OJ, 2-propanol/hexane (2:98), 1.0

mL/min, uv 254 nm; tg= 6.73 min (62.2%), 12.92 min (37.8%), 24% ee.

Me \\OH
COQT-BU

2-Hydroxy-2-phenyl-propionic acid tert-butyl ester (7d)

A colorless oil. [a]p” +17 (c 0.98, CHCL); '"H NMR (400 MHz, CDCL): ¢ = 7.55-7.52
(m, 2H), 7.35-7.30 (m, 2H), 7.28-7.25 (m, 1H), 3.85 (s, 1H), 1.71 (s, 3H), 1.42 (s, 9H);
C NMR (100 MHz, CDCL): d = 174.8 (C), 143.2 (C), 128.1 (CH x2), 127.4 (CH), 125.1
(CH x2), 82.9 (C), 75.6 (C), 27.7 (CHs x3), 26.6 (CH3); IR (neat) 757.0 (s), 1147 (m),
1216 (m), 1717 (s), 2853 (m), 2927 (s), 3018 (m), 3503 (Br) cm’; HRMS calculated for
CisHi303  222.1256, found 222.1253. Chiral HPLC analysis: Chiralcel OJ,
2-propanol/hexane (2:98), 0.5 mL/min, uv 254 nm; tg= 10.44 min (65.5%), 17.20 min

(34.5%), 31% ee.

Me \\OH
COQMG

Me
2-Hydroxy-2-p-tolyl-propionic acid methyl ester (9a)

A colorless oil. [a]p> +54 (¢ 1.6, CHCLy); '"H NMR (400 MHz, CDCls): 6 = 7.42-7.40 (m,
2H). 7.16-7.14 (m, 2H), 3.75 (s, 3H), 3.69 (s, 1H), 2.32 (s, 3H), 1.75 (s, 3H); *C NMR

(100 MHz, CDCl3): 0 = 176.2 (C), 139.8 (C), 137.5 (C), 129.0 (CH x2), 125.0 (CH x2),
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75.6 (C), 53.1 (CH3), 26.6 (CH3), 20.9 (CHs); IR (neat) 756.5 (s), 1218 (m), 1256 (m),
1437 (m), 1456 (m), 1512 (m), 1731 (s), 2851 (m), 2925 (m), 2955 (m), 3019 (m), 3523
(br) cm'l; HRMS calculated for C;;H;405 194.0943, found 194.0939. Chiral HPLC
analysis: Chiralcel AD-H, 2-propanol/hexane (10:90), 0.5 mL/min, uv 254 nm; tz= 13.76

min (92.6%), 15.63 min (7.4%), 85% ee.

Me QH

M
© CO,Me

2-Hydroxy-2-m-tolyl-propionic acid methyl ester (9b)

A colorless oil. [a]p”® +39 (¢ 1.4, CHCL); 'H NMR (400 MHz, CDCLy): J = 7.34-7.30 (m,
2H), 7.24-7.21 (m, 1H), 7.11-7.08 (m, 1H), 3.76 (s, 3H), 3.68 (s, 1H), 2.34 (s, 3H), 1.76 (s,
3H); *C NMR (100 MHz, CDCL): 6 = 176.1 (C), 142.6 (C), 137.9 (C), 128.5 (CH),
128.2 (CH), 125.7 (CH), 122.2 (CH), 75.7 (C), 53.1 (CH3), 26.5 (CH3), 21.5 (CHs); IR
(neat) 757.3 (s), 1145 (m), 1217 (m), 1259 (m), 1457 (m), 1606 (m), 1731 (s), 2850 (m),
2924 (m), 2955 (m), 3019 (m), 3526 (br) cm’; HRMS calculated for Ci1H;405 194.0943,
found 194.0944. Chiral HPLC analysis: Chiralcel OJ, 2-propanol/hexane (10:90), 0.5

mL/min, uv 254 nm; tg= 14.00 min (91.9%), 18.71 min (8.1%), 84% ee.

MeMe OH
COzMe

2-Hydroxy-2-o-tolyl-propionic acid methyl ester (9¢)
White needles. [a]p™® +36 (¢ 0.74, CHCL); 'H NMR (400 MHz, CDCl): J =
7.46-7.44 (m, 1H), 7.24-7.13 (m, 3H), 3.74 (s, 3H), 3.46 (s, 1H), 2.29 (s, 3H), 1.83 (s,

3H); >C NMR (100 MHz, CDCl): ¢ = 177.4 (C), 139.1 (C), 136.9 (C), 131.9 (CH),
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128.2 (CH), 126.0 (CH), 125.7 (CH), 75.8 (C), 53.2 (CH3), 26.9 (CHs), 20.2 (CHz);
IR (neat) 745.1 (m), 1093 (m), 1128 (s), 1190 (m), 1214 (m), 1259 (s), 1457 (m), 1731
(s), 2873 (m), 2953 (m), 2989 (m), 3068 (m), 3500 (br) cm”; HRMS calculated for
Cii1H1403 194.0943, found 194.0951. Chiral HPLC analysis: Chiralcel OJ,
2-propanol/hexane (10:90), 1.0 mL/min, uv 254 nm; tg= 10.99 min (12.1%), 20.96

min (87.9%), 76% ee.

Me \\OH

@COZMe
MeO

2-Hydroxy-2-(4-methoxy-phenyl)-propionic acid methyl ester (9d)

A colorless oil. [a]p”® +48 (c 1.5, CHCL); 'H NMR (400 MHz, CDCLy): J = 7.46-7.42 (m,
2H), 6.88-6.84 (m, 2H), 3.78 (s, 3H), 3.75 (s, 3H), 1.74 (s, 3H); *C NMR (100 MHz,
CDCl): 0 = 176.3 (C), 159.2 (C), 134.8 (C), 126.4 (CH x2), 113.6 (CH x2), 75.4 (C),
55.2 (CHj3), 53.2 (CH3), 26.6 (CH3); IR (neat) 835.0 (m), 1252 (s), 1513 (s), 1610 (m),
1732 (s), 2838 (m), 2955 (m), 3002 (m), 3501 (br) cm’; HRMS calculated for C;1H;40.
210.0892, found 210.0900. Chiral HPLC analysis: Chiralcel AD-H, 2-propanol/hexane

(10:90), 0.5 mL/min, uv 254 nm; tg= 20.74 min (94.5%), 23.06 min (5.5%), 89% ee.

Me QH
COQMG

Cl
2-(4-Chloro-phenyl)-2-hydroxy-propionic acid methyl ester (9e)

A colorless oil. [a]p>* +37 (¢ 1.19, CHCLy); 'H NMR (400 MHz, CDCLy): 6 = 7.49-7.46
(m, 2H), 7.32-7.28 (m, 2H), 3.76 (s, 3H), 1.74 (s, 3H); *C NMR (100 MHz, CDCL): J =
175.7 (C), 141.1 (C), 133.7 (C), 128.4 (CH x2), 126.7 (CH x2), 75.3 (C), 53.4 (CH3), 26.8

(CH3); IR (neat) 757.0 (s), 1216 (m), 1257 (m), 1490 (w), 1731 (s), 2849 (m), 2918 (m),
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2956 (m), 3020 (m), 3531 (br) cm'l; HRMS calculated for C;oH;;ClO; 214.0397, found
214.0402. Chiral HPLC analysis: Chiralcel AD-H, 2-propanol/hexane (10:90), 0.5

mL/min, uv 254 nm; tg= 14.92 min (79.7%), 16.32 min (20.3%), 59% ee.

Me QH
COQMG

Br
2-(4-Bromo-phenyl)-2-hydroxy-propionic acid methyl ester (9f)

A colorless oil. [a]p”® +28 (¢ 1.9, CHCL); 'H NMR (400 MHz, CDCLy): J = 7.47-7.44 (m,
2H), 7.43-7.39 (m, 2H), 3.78 (s, 1H), 3.76 (s, 3H); °C NMR (100 MHz, CDCl): ¢ =
175.7 (C), 141.7 (C), 131.4 (CH x2), 127.1 (CH x2), 122.0 (CH), 75.4 (C), 53.4 (CHa),
26.3 (CH3); IR (neat) 1010 (m), 1151 (s), 1255 (s), 1488 (m), 1733 (s), 2851 (m), 2922
(m), 2954 (m), 2986 (m), 3503 (br) cm; HRMS calculated for CioH;BrOs 257.9892,
found 257.9915. Chiral HPLC analysis: Chiralcel OJ, 2-propanol/hexane (2:98), 1.0

mL/min, uv 254 nm; tg= 11.90 min (77.6%), 14.60 min (22.4%), 55% ee.

Me \\OH
| COsMe

Fs5C

2-Hydroxy-2-(4-trifluoromethyl-phenyl)-propionic acid methyl ester (9g)

A colorless oil. [o]p™* +6.1 (¢ 1.77, CHCl;); '"H NMR (400 MHz, CDCl): ¢ =
7.69-7.67 (m, 2H), 7.60-7.58 (m, 2H), 3.81 (s, 1H), 3.78 (s, 3H), 1.78 (s, 3H); "°C
NMR (100 MHz, CDCl3): 6 = 175.5 (C), 146.5 (C), 130.1 (q, J= 32 Hz, C), 125.8 (CH
x2), 125.3 (q, J= 3.5 Hz, CH x2), 124.0 (q, J= 270 Hz, C), 75.6 (C), 53.5 (CHj3), 26.9
(CHs); IR (neat) 846.3 (m), 1017 (m), 1127 (m), 1167 (m), 1260 (m), 1329 (s), 1413

(m), 1619 (m), 1738 (s), 2845 (w), 2967 (m), 2995 (m), 3500 (br) cm'; HRMS
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calculated for C;;H;F;03; 248.0600, found 248.0666. Chiral HPLC analysis:
Chiralcel OD-H, 2-propanol/hexane (2:98), 0.5 mL/min, uv 254 nm; tg= 18.87 min

(42.1%), 20.56 min (57.9%), 16% ee.

Me §)H

o)
MCOQMe

2-Furan-2-yl-2-hydroxy-propionic acid methyl ester (9h)

A light yellow oil. [a]p> +59 (¢ 1.4, CHCl;); '"H NMR (400 MHz, CDCLy): 6 = 7.35(dd,
J=1.2, 1.2 Hz, 1H), 6.33-6.32 (m, 2H), 3.78 (s, 3H), 3.74 (s, 1H), 1.76 (s, 3H); >*C NMR
(100 MHz, CDCl3): 6 = 174.4 (C), 154.5 (C), 142.4 (CH), 110.2 (CH), 106.5 (CH), 71.9
(C), 53.3 (CH3), 23.6 (CH3); IR (neat) 756.6 (s), 1142 (m), 1160 (m), 1216 (m), 1267 (m),
1737 (s), 2850 (m), 2926 (m), 2956 (m), 3020 (m), 3527 (br) cm’; HRMS calculated for
CsHi004 170.0579, found 170.0577. Chiral HPLC analysis: Chiralcel OJ,
2-propanol/hexane (10:90), 0.5 mL/min, uv 254 nm; tg= 19.60 min (87.7%), 21.22 min

(12.3%), 75% ee.

Me §)H

S
M\COQMG

2- Hydroxy-2-thiophen-2-yl-propionic acid methyl ester (9i)

A colorless oil. [a]p™ +42 (c 0.79, CHCL); 'H NMR (400 MHz, CDCLy): J = 7.22 (dd, J=
5.2, 1.2 Hz, 1H), 7.05 (dd, J= 3.6, 1.2 Hz, 1H), 6.95 (dd, J= 5.2, 3.6 Hz, 1H), 3.98 (s, 1H),
3.80 (s, 3H), 1.82 (s, 3H); °C NMR (100 MHz, CDCl;): 6 = 175.1 (C), 147.4 (C), 126.9
(CH), 125.0 (CH), 124.0 (CH), 74.3 (C), 53.4 (CHj3), 27.8 (CH3); IR (neat) 756.7 (s),
1142 (m), 1217 (m), 1234 (m), 1263 (m), 1436 (m), 1451 (m), 1733 (s), 2850 (m), 2926
(m), 2956 (m), 3018 (m), 3509 (br) cm'l; HRMS -calculated for CgH;0O3S 186.0351,

found 186.0356. Chiral HPLC analysis: Chiralcel AD-H, 2-propanol/hexane (10:90), 0.3
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mL/min, uv 254 nm; tg= 22.95 min (92.3%), 24.51 min (7.7%), 85% ee.

Me QH

I o

2-Hydroxy-2-naphthalen-2-yl-propionic acid methyl ester (9j)

A colorless oil. [a]p™ +45 (c 1.7, CHCLy); "H NMR (400 MHz, CDCL): J = 8.01-8.01
(m, 1H), 7.85-7.80 (m, 3H), 7.62 (dd, J= 8.8, 2.0 Hz, 1H), 7.49-7.44 (m, 2H), 3.84 (s,
1H), 3.77 (s, 3H), 1.87 (s, 3H); *C NMR (100 MHz, CDCl): 6 = 176.0 (C), 140.0 (C),
133.0 (C), 132.8 (C), 128.3 (CH), 128.1 (CH), 127.4 (CH), 126.2 (CH), 126.2 (CH),
124.0 (CH), 123.3 (CH), 75.9 (C), 53.2 (CH3), 26.6 (CH3); IR (neat) 752.7 (m), 821.0
(m), 1139 (m), 1245 (m), 1374 (m), 1455 (m), 1507 (m), 1600 (m), 1732 (s), 2842 (w),
2954 (m), 2985 (m), 3058 (m), 3501 (br) cm’; HRMS calculated for Ci4H140;
230.0943, found 230.0941. Chiral HPLC analysis: Chiralcel OJ, 2-propanol/hexane

(10:90), 0.5 mL/min, uv 254 nm; tg= 18.24 min (91.1%), 23.22 min (8.9%), 82% ee.

Me QH

PhMCOQMe

2-Hydroxy-2-methyl-4-phenyl-butyric acid methyl ester (9k)

A colorless oil. [a]p™ +7.2 (¢ 1.5, CHCl); 'H NMR (400 MHz, CDCls): 6 = 7.28-7.23
(m, 3H), 7.17-7.13 (m, 3H), 3.71 (s, 3H), 3.23 (s, 1H), 2.81-2.73 (m, 1H), 2.49-2.41
(m, 1H), 2.10-1.92 (m, 2H), 1.43 (s, 3H); °C NMR (100 MHz, CDCL): ¢ = 177.3 (C),
141.4 (C), 128.3 (CH, x2), 128.2 (CH, x2), 125.8 (CH), 74.20 (C), 52.56 (CHs),
41.61 (CH,), 29.98 (CH,), 26.19 (CH3); IR (neat) 699.8 (s), 749.0 (m), 977.4 (m),
1070 (s), 1118 (s), 1200 (s), 1254 (s), 1455 (s), 1604 (m), 1732 (s), 1803 (w), 1872

(W), 1946 (w), 2863 (W), 2954 (m), 3027 (m), 3063 (m), 3522 (br) cm™. Chiral HPLC
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analysis: Chiralcel OJ, 2-propanol/hexane (2:98), 0.5 mL/min, uv 254 nm; tg= 25.76

min (40.3%), 27.10 min (59.7%), 19% ee.
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4. Experimental Data of NLE

Q (-)-MITH (20 mol %), (additive) '\"%)H
Ph™ "COsMe MeyZn (6 equiv), hexane, -50 °C  ph™ ~CO,Me
6a 7a

MITH (%ee) B(OEt); time (h) yield (%) ee (%)

30 - 32 64 53
50 - 23 91 73
80 - 22 82 77
100 - 16 89 76
15 25 mol % 30 51 52
30 25 mol % 27 73 61
50 25 mol % 20 79 69
80 25 mol % 21 85 77
90 25 mol % 22 99 77
100 25 mol % 13 99 78
80 73 o 26
=
~ 60
o
Y
Q
=
40 I

-~ without additive
-+ with additive

20

0 20 40 60 80 100
%ee of MITH
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D1 2.00000000 sec
TDO 1

CHANNEL f£1

10.00 usec
~2.40 dB
400.1528010 MHz

Processing parameters
16384

400

.. 1

8

2.424

4.5 4.0 2.5 2.0 1.5 1.0
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F2 - Acquisition Pa COzMe
Date_
J\M 8 A S
ki T T * T T T IR % T
9.5 9.0 85 8.0 75 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 20 1.5 1.0 ppm
ol © ©

S22




2-Tol-CO-CO2Me

T T——— w ”
N8R E828NRS 2 3
ST S 3 5
(‘2(7 I N e [ = ~
Current Data Parameters
NANE 20080215 c1es Me O
EXPNO
PROCNO i
F2 - Acquisition Parameters
pate_ 20080216 CO-Me
Time 11.57 2
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2930
™ 35768
SOLVENT coc13
NS 32
DS 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
a0 29559540 sec
RG
oW 98,800 uaes
DE 6.00 usec
e 300.0 K
DL 2.00000000 sec
TDO &
- CHANNEL £1
NuC1
p1 10.00 usec
PLL 2040 a8
sFO1 400.1528010 MHz
F2 - Processing parameters
s1 16384
sF 400.1500166 MHz I
WO EM
ss8 0
LB 0.00 Hz
GB ]
£C 1.00
R T T RN AL} T T T T T T T T )
9.5 9.0 8.5 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 ppm
)
NW ( o
o‘c‘ 2=
i b=l
2-Tol-C(OH) (Me)-CO2Me
BN OO NG AN © o o ©
B oo S NEHE S HIE Qe ae 8 2 a ]
plsebd ol S st ] a ¢ 2 B
I S N N e AT © @ P -
Current Data Parameters
NAME 20080221_C169 Me Me OH
EXPNO 1
PROCNO i
F2 - Acquisition Parameters Co
Date_ 20080221 2Me
ime 14.02
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2930
32768
SOLVENT cbe13
NS 18
DS 0
swH 6410.256 Hz
FIDRES 0.195625 Hz
20 2.5559540 sec
RG 156
oW 78.000 usec
bE 6.00 usec
E 300.0
o1 2.00000000 sec
™00 1
CHANNEL £1 =
NUC1 10
el 10.00 usec
PLL ~2.40 aB
sFo1 400.1528010 MHz
F2 - Processing parameters
st 16384
sF 400.1500168 MHz
WDH EM
sse 0
LB 0.00 Hz
GB 0
BC 1.00 /
/
T T T T T T T T IRAREG) T T T T T 1
9.5 9.0 8.5 8.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 2.5 2.0 1.5 1.0 ppm
= w (e
S S
- | &

S23




8.011
2&.005
8.000

987
Y'/.%z
Tadr

240

97
_éa 966
—_—3.943
——3.877

6.962
6.945
64939

Current Data Parameters
NAME 20070901_C074

EXPNO 1 (:)
PROCNO 8

F2 - Acquisition Parameters

Date_ 20070901

Ti 19.53
CO5Me

PROBHD 5 mm DUL 13C-1

PULPROG zg30

TD 32768

SOLVENT cDCl13

NS 16 MeO
DS ]

SWH 6410.256 Hz

FIDRES 0.195625 Hz

AQ 2.5559540 sec

usec
aB

400. MHz

F2 - Processing parameters

S1 16384

SF 400.1500167 MEz
" EM

0
0.00
0

1.00

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
5 2 o
- ol leilei

(p~MeO-Ph) - (CMe (OH) ) — (CO2Me)
SeE oy
BRUKER ii&g&

Current Data Parameters

7.417
T~—7.240
6.877
6.869
6.864
6.852
6.847
6.839
__—3.782
——3.748
1.744

NAME 20070901_C075
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Me, OH

Date 20070901

Time 20.00

INSTRUM spect

PROBHD 5 mm DUL 13C COZ Me
PULPROG 2930

TD 32768

SOLVENT cDC13

NS 16

0s 0 MeO
SWH 6410.256 Hz

FIDRES 0.195625 Hz

RO 2.55595 sec

RG 512

DW 78.000 usec

DE 6.00 usec

TE 300.0 K

D1 2.00000000 sec

TDO 1

CHANNEL £1

10.00 usec
-2.40 dB
400.1528010 M

- Processing parameters
384

2
1

F 400.1500166 MHz
DA EM

B 0
0.00 Hz

1.00

95 9.0 8L5 80 75 7.0 65 6.0 55 50 45 40 3.

]
w
=]
N
e}
Ded
o
-
@
-
=}

ppm
)L )\ L I
o - [~irs| ~
‘Q 2 k| [F
& & e es) “

S24




4-C1-Ph- (CO) - (CO2Me)
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Furan-keto-methylester
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2-Naph-Co-CO2Me

e > o
Wi D 3 b S
B . <
Current Data Parameters
NAME 20080216_C167 b O
EXPNO I
PROCNO 1
F2 - Acquisition Parameters
Date 20080216
Time 12.41 Cone
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2g30
D 32768
SOLVENT cocl3
NS 32
DS 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
a0 2.5559540 sec
RG 645
on 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
DO %
CHANNEL f1
NUC1 1H
31 10.00 usec
PL1 -2.40 dB
SFO1 400.1528010 MHz
F2 - Processing parameters
ST
SF 400.1500167 MHz
WD EM
55B 0
1B 0.00 Hz
GB 0 [
BC 1.00
T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 40 35 30 25 20 15 1.0 ppm
b A el /
) (1) oo 0 =
‘q‘ ‘o S o‘o S| 0.‘
= =l el =l o
2-Naph-C (OH) (Me) -CO2Me
mow—«mowvhhmmo—«cmewommc o s ®
S8R SR3GnAASa8RT88ATS S 2 2
S8R50 8BEESRSSEELSI AN & 3
IBRUKER\KVW/ \/ T
Current Data Parameters
NAME 20080222_C171
EXPNO S | O
PROCNO 1 Me > H
F2 - Acquisition Parameters
Date 20080222
Time” 13.29 COgMe
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2930
32768
SOLVENT cDe13
NS 32
DS 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
RO 2.5559540 sec
RG
DW 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
CHANNEL f1
10.00 usec
-2.40 dB
400.1528010 MHz
F2 - Processing parameters
sI 6384
SF 400.1500164 MHz
WOW EM
ssB 0
LB 0.00 Hz
GB Q /
eC 1.00
r T T T T T T T T T T T T T T T T 1
965 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm
VRV DI [
o|o) (o
==l =
—le3l ©
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€240 PhCH2CH2COCO2Me

BRUKER

——3.835

Current Data Parameters

NAME 20080612_C240 O
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
D: 20080

. s Ph CO,Me

e
INSTRUM spect
PROBED 5 mm DUL 13C-1
PULPROG 2930
TD 32768
SOLVENT cpc13
NS 32

DS 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
A

Q 2.5559540 sec
RG 203

DR 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1

CHANNEL f1 =

10.00 usec
~2.40 dB
400.1528010 MHz

Processing parameters
16

384
400.1500159 MHz
M

0
0.00 Hz

1.00

9.5 9.0

°
N
o
N
o
o
-
o
o]
@«
k-
°
3

8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.

204
206

Current Data Parameters

NAME 20080613 C243
EXPNO =g
PROCNO 1
F2 - Acquisition Parameters Ph Cone
Date_ 20080613
Time 14.03
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2930
TD 32768
SOLVENT cpe13
NS 25

[
6410.256 Hz
0.195625 Hz

aQ 2.5559540 sec
362

31 usec
PL1 -2.4

SFO1 400.1528010 MHz
F2 - Processing parameters
sI 16384

SF 400.1500166 Mz
wWDW EM

SSB 0

LB 0.00 Hz
GB 0

BC 1.00
gy - T T T T T T T T T T T T T T URERAR

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm

. I L
5 = R E
ik 3 & B3 3
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HPLC
Chromatographs



CH. L C.5 L.25 ATT & OFFS @
s
T
METHOD : THE: { oM
FILE: . & CALC-METHOD: AREA TRELE
MO . RT BC
Lo19.19 B
2 2B .87 UE
TOTHL
TESETH 199 .048
FERK REJ g
CH. 1 0.5 1.25 ATT & OFFS © BB-98.98
FE; TH .72
b-2598
METHOD: [RE: 4  CH:
FILE: & CALC-METHOD: HREAX TRELE:
HD . RT RRER CONG  BE
1 19.15 1951513 99 .527 B
2 28.72 184539 9.473  USB
TOTAL
1186657 199 .589
FERK REJ 3

BE- e a8

¥l

A

GO

COME:

Bl:48

dE-34-88 Blida

ARER

BEa-B3-88  BI:

&
L]
—
=

RREH

Me SDH
(302Me

81% ee

Chiralcel OD-H
2-propanol/hexane (2:98)
flow rate= 0.5 mL/min
uv 254 nm
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CH. t C.5 1.253 ATT B OFFS 3 @8-88-s898 B81:31

2.73
15 .47
L-2588 B5-88.-88 91:31
METHOD: TAA: 1 CH: 1
FILE: & CALC-METHOD: AREAX TRBLE: @ CONC: ARER
MO . RT ARERA CONC  BC
1 773 292832 49,373 BB
216 .47 294322 58 .127 BB
TOTAL
527154 188 .305
PERK REJ : 5

N
CH.~1L ©C.5 .25 ATT & 0OFF5 8 ©B8-/88.-88 B4:39

9 .68
16 .34
p-2589 @B/08/88 B4:3I
METHODG: TRGES 3 CH: i
FILE: @ CALC-METHOD: RARERX TABLE: B LCONC: ARER
MO . RT AREA CONC  BC
1 9.68 328492 68.413 BB
2 16.34 154454 31.932 BB Me OH
TOTAL >
432943 199 .999
PERK REJ : B _ CO.Et

36% ee

Chiralcel OJ
2-propanol/hexane (2:98)
flow rate= 1.0 mL/min
uv 254 nm
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CH. 1 ©.5 1.5 ATT 5 OFFS 5 B9-898-88 AI:LT
L B .73
12 .83
b-235a8 HE-B0 .38 BI:17
METHOD THIE: 1 CH:
FILE: W [CHALC-METHOD: HRERY TABLE §  COMC: ARER
MO . RT B
6 .75 EB

2 17.58 BB

TOTAL
EE: 166 .898
FEAK REJ
CH. L £.5 1.25 ATT & OFFS 9 BRCeEC68  A5:Z7
L B .73
12 .92
b-2568 BB 0B-98  B3:27
HETHOD TRG: 4 CH:
FILE: @ CHALC-METHOD: RREAX TRELE: B CONC: AREA
M. RT CONC  BC

1 5.73 ».136 BB Me, OH

io1z2.32 EE :
TOTAL o COsi-Pr

469125 198 .584

FERK REJ : g 24% ee

Chiralcel OJ
2-propanol/hexane (2:98)
flow rate= 1.0 mL/min
uv 254 nm
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GH. 1 ©.5 1.25 ATT T DOFFS 8 A3-89-88
18 .44
ig .81
L-2584
METHOD: THE: 1 CH: 1
FILE: ® GCALC-METHOD: RREAX THELE: 5]
MO RT i B
1 18 .44 51 BB
2 1s.91 43 . BB
TOTAL
198 .8964
FERK REJ
CH. | C.5 1.235 ATT & OFFS [ B P s g
18 .44
2
b-23588a
METHOD : fRI: & CHT 1
FILE: ® CALC-METHOD: ARERX THBLE: ]
Ma ., RT AREA CONC  BC
1 18 .44 24A537 55 .4535 BB
2 17V .2me 126343 I4.343 BB
TOTAL
ieT48s 196 .9848

PERK REJ : g

B N P e B2l

i

CONC: RRER
AS:al
=RE g N gt e B5:851
COMC: HAREHA
Me, OH
COzt-BU 31% ce
Chiralcel OJ

2-propanol/hexane (2:98)
flow rate= 0.5 mL/min
uv 254 nm
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CH. 1 C.5 1.25 ATT S OFFS 8
e
504
D-2569
METHOD: TAE 1 CH:
FILE: @ CALC-NETHOD: HREAX THELE:
MO RT ARER CONC  BC

i %5 58 54343 43 .7456 BB

2 15.58 57145 51.254 BB
TOTAL

111454 189 .808
PERK REJ : @
CH. 1 C.5 1.25 ATT 7 OFFS @
r;_ i5 .53 ko st
L-2588
METHOD: THE: 7 CH:
FILE: # CALC-METHOD: AREA% TRBLE:
MO ARER CONC  BE

Lo13.7e 1144729 32.598 BU

2 15.53 91512 7.4B2  UB
TOTAL

1236241 188 .208

FERK REJ : 8

wa-sa8- 04

Ba-aa-sa8

B1:57

gE-8B-.88 @1:37

Bd:d?

COMC:

HE<H8-08 H4:47

ARER

Me

Me ﬁDH
CXDQRAG

85% ee

Chiralcel AD-H
2-propanol/hexane (10:90)
flow rate= 0.5 mL/min

uv 254 nm
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CH. 1 C.5 1.25 ATT 7 OFF5 ®B @@-06-.08 83:29
13 .94
E 3.2%2
—
L-2588 BR/ G- BE8  B8:29
METHOD ThiE: 7 oCH: 1
FILE: ® GCALC-METHOD: ARERX TABLE} ¥ COMC: RRER
KO RT RRERA COMC  BC
1 13 .94 1194683 58 .832 BB
2 18.3% 1198712 43 .31% BB
TOTAL
2385321 188 838
PEAK REJ )
CH. L ©.5 1.25 ATT 7 OFFS 8 BO-00-08 ©9:37
14 .88
F;_ 18 .71
D-2508 BA-BB-/BE  B9:I7
METHOD: TRE: 3 CHE 1
FILE: 8 CALC-METHOD: RAREA% TRELE: @ COWG: AREA
NO RT ARER CONE  BC
114 .88 1785133 91.918 BB
2 13.71 156958 5.882 BE
TOTAL Me, OH
1942891 188 .808 Me
PERK REJ B COsMe
84% ee

Chiralcel OJ
2-propanol/hexane (10:90)
flow rate= 0.5 mL/min

uv 254 nm
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CH. L 0.5 1.25 ATT S5 OFFS 8 @e-gas@e  12:58
p-2508 BE-GBE,88  12:5a
FETHOE: THE? 2 OH: 1
EILE: % CALC-WMETHOD: AREAX THBLE: 6 COHC: ARER
HO . RT HREA COME  BC

1 18.34 BSE5T 52.428 EB

2 ZR.3% FPT4T 47 .528 BB
TATAL

163464 166 .588
PERK REJ @ B
CH. 1 C.5 1.25 ATT & O0OFFS ® G@E-@88 88 12:29
18 .99
28 .36
D-258@ BA/E8-B8  12:39
METHOD: THE: 8 CH: 1
FILE: 8 CALC-METHOD: AREAX THBLE: B DOND: ARER
MO . RT ARER COMC  BC

1 18.99 1HEEET 12.122 BB

2 28 .98 TF3434 87 .875 BB MeMe oH
TOTAL . >

gEAiEt 166 .98
FEAK REJ : @ COzMe
T6% ee

Chiralcel OJ
2-propanol/hexane (10:90)
flow rate= 1.0 mL/min

uv 254 nm
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CH. t ©.5 1.25 ATT F OFFS B BB sBBCBB  BZIES

m— 20 .88
F_ 22.87 "
b-23588 Qe BE-B88 0 BZ:ii4g
METHOD: TARE: 1 CZH: 1
FILE: 8 CALC-METHOD: AREAX THELE: B COMC: ARER
MO . T ARERA COWC  BEC
1 24 .68 198699 31.382 BU
2  EZ.87 1857676 45 .698 UB
TOTAL
I814670 198 888
FEAK REJT x|

CH. 1 C.5 1.25 RTT & OFFS 5 Ha-80-.88 0 B4:357

8]
A
=
i
(]
=
=l
=

D-2508 AE-H8-88  B4:57
WETHOLD THG: 5 E£H: 1
FILE: 8 CALC-METHOD: RREA% TRELE: 8 COMC: AREA
MO RT ARER COWC  BC Me, OH

1 z8.74 1242678 54,457 BU °

2 23 .85 72918 5.543 TBB COsMe
TOTAL

1315598 188 .888 89% ee

PEAK REJ : 8 MeO

Chiralcel AD-H
2-propanol/hexane (10:90)
flow rate= 0.5 mL/min

uv 254 nm
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CH. 1 C.5 1.25 ATT & OFF5 @ @@8-26--808 @2:39
1k 1%
2588 P0-26408 B2:39
METHOD: TRG! 118 ©CH: 1
FILE: @ CALC-METHOD: AREAX TRELE: B COMC: ARER
MO . gT HRER CONG  BG

1 14.78 236583 49,826 BU

2 16.18 245982 56,374 UE
TOTAL

432565 180 .968
PEARK REJ g
CH. 1 ©.5 1.25 ATT & OFF5S § @8-36-88 B3:32
r:E_ e 14 .92
b-2556 BB-26/88 BI:32
METHOD THE: 112 CH: 1
FILE: 8 GCALC-METHOD: AREAX THBLE: 8 COMC: ARER
ME L RT RRER CONC  BC

1 14.32 EBZzEs 79.718  BY

2 15,32 153233 29,282 VB
TOTAL

755522 166 .09@ Me, ;DH
PEAK REJ : 2
COgMe
Cl 59% ee

Chiralcel AD-H
2-propanol/hexane (10:90)
flow rate= 0.5 mL/min

uv 254 nm
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LH 1 C.5 1.2 ATT 3 DFFs
12.148
13057

p-2598

METHOL : IGEE

M. BT
1118
14 .67
TOTAL
FERK REJ g
CH. 1 0.5 .25 ATT 7 OFF3
F;;F— 14 .68
B-25aE
METHOD: THE:
FILE: 9 CHLC-METHOD: HRERX
M. BT ARER
T 1145323
2 14.49 3TARET
TOTHL
1478355 1
PERK REJ : g

{5 s i

I
THBL

T T

THEBLE:

CaMC

T
22

o e R )

EC
gl
Ug

)
=
)
=

A COMOD:

(bt
B
]
n

A COMC:

[

=

[

BASEE B A4 34
ARERA
L5 s R I B T )

RREA
Me SDH
COsMe
Br 55% ee
Chiralcel OJ

2-propanol/hexane (2:98)
flow rate= 1.0 mL/min
uv 254 nm
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b-25848

METHUD:

FILE: @ CALC-METHOD: RAREAX

MU . BT

1 13 .62

2 28 .49
TUTRL

FERE REJ &

L-2584d

METHOD:

FILE: B CRLEC-METHOD: HRERX

MO . RT

1
2 iS58
TOTHL

FERK REJ :

ATT 8 OFF5 B @a-s2gqs88 B2

.25 RTT & 0OFFS @ Bos28/88 Bl:lt

S28<88  B1:11

=
=
"

THG: 117 Ch: 1
TRBLE: g COMC: ARERA
COME  BC

45 .344 BB
38 .655 BB

168 4688

4FFFR3
=]

ti
[¥u}

BA/2E-85 82129
TRG: 128 GCH: 1
TRELE: B CONG: AREA

HRER CONG B
975767 42,873 8u Me, OH
1343464 57 .9EF OUB -

(DOQMG

2ILHEIL 1@E.068

g 16% ee

FsC' “Chiralcel OD-H

2-propanol/hexane (2:98)
flow rate= 0.5 mL/min
uv 254 nm
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CH. 1 .5 1.25 ATT & O0OFF3 2 BB BD-BE  BS:S5G
249 g %8
D-2588 BRCBECAE B D6
METHOL ¢ TAGE: 4 CH: 1
FILE: 8@ CALC-METHOD: ARERX TABLE: B COHWC: ARERA
M. RT ARER COMC  BC
1 28.25 244585 58 .666 EBU
2 21 .67 238252 49,334 UB
TOTRL
432938 166 .36
FERK REJ : B
CH., L C.5 1.25 ATT 7 0OFF3 8 AE-A8-88 B5:35
— .22 13358
p-2538 BO/B0/88 B5:35
METHOD: THE 2 CH:
FILE: & CALC-METHOD: ARERX TABLE: 8 LCONC: ARER
MO . RT ARER CONC  BD
1 19.68 1661292 87 .734 BU
2 2t.22 232269 12 .266 ° UB Me, S)H
TOTAL O
1893561 186 .999 \ COoMe
PEAK REJ @ & T5% ee
Chiralcel OJ
2-propanol/hexane (10:90)
flow rate= 0.5 mL/min
uv 254 nm
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CH. 1 C.5 1.25 ATT 18 OFFs 4 0BsBB-BAB  BZ:SE
F_ 2329%8
p-2508 BA-BB/B0  B2:56
METHOD: TRG: 3 CH: 1
FILE: B CALC-METHOD: ARERAX TRELE: 3 COMC: HRER
HO . RT RRER COMC B

1 2z.48 13842622 49,983  BU

z2 24 .82 13893231 56 .897  UB
TOTAL

26135853 198 .p88
FEAK REJ : ]
CH. 1 ©.5 1.25 ATT 3 W0OFFS 8 HBs8B-BH  BI:52
1724.51 B o
D-2588 B@a-@as88 @352
METHOE: TRGE: 4 CH: 1
FILE: @& CALC-METHOD: AREAX TRBLE: @ COMZ: AREA
MO . RT ARERA COME  BC Me OH

1 22.%5 5282566 92 .2FF ‘BuU S S

2 24.51 442894 7L.F23 UB M
TOTAL \ COMe

5724660 198 .86 85% ee

FERK REJ : g Chiralcel AD-H

2-propanol/hexane (10:90)
flow rate= 0.3 mL/min
uv 254 nm '
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CH. L C.5 1.25 ATT 8 OFFS 28 @0/ 80,08 G@:dd
18 .56
.11
B-2508 BE-ER,B0  BE:4D
METHUOED THE! 1 CH: 1
FILE: @ CRLC-METHOD: RREAX THELE: 9 CONMC: AREA
MO RT ARER CONC  BC
1 18.58 2118518 51.823 BB
2 23.11 2325449 45.572 BB
TOTAL
4135959 100 .200
FERE REJ : i
CH. 1 OFFS & @8 88-808 L@:0s
15 .24
b-z5a8 BACBECBR LRB:EG
METHOD : THE! S CH: 1
FILE: ©® CALC-METHOD: ARREAY TABLE: 8 COWC: AREA
M . RT ARERA CONG  BC
1 18.24 111156834 91.885 BB
223z 1B3TEE2 2.3514 BB
TOTHL Me OH
L2IR2EE6 168 .08 8
PERE REJ : & ) CO.Me
2
82% ee

Chiralcel OJ
2-propanol/hexane (10:90)
flow rate= 0.5 mL/min

uv 254 nm
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CH. t 0.5 1.25 ATT 5 OFFS B BA-E0/8R BRI
ittty
L-2500 @R-EE-08  BE:B2
METHOD: THGE! 1 CH: 1
FILE: © GCALC-METHOD: HRERY THELE: B COMC: AREA
MO BT ARER COHC  BC
1 26 .15 1892588 43.513 BU
2 27 .48 179666 51,487 VB
TOTHL
348952 166 .68
FEAK REJ B
CH. 1 C.5 1.2%5 ATT S OFFsS 8 @B-88-688 0 Bl:l7
2076 g
=258 HEAEBCBE Blil7
METHOD: THE! I CH: 1
FILE: ¥ CALC-METHOD: AREAX TABLE: @ LONC: AREA
M . BT RRERA COMC  BE
1 25.76 1954853 46 .3684  BY
Z 27 .18 290AE3 59.6%6 LB
TOTAL Me, OH
4355938 164 .208 /A\\/>\\
FERK REJ : @ Ph COsMe
19% ee
Chiralcel OJ
2-propanol/hexane (2:98)
flow rate= 0.5 mL/min
uv 254 nm
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