Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2023

Supporting Information

Enantioselective Meerwein-Ponndorf-Verley Reduction of 3,y-
Unsaturated a-Keto Esters by Asymmetric Binary-Acid

Catalysis in Green Solvent iPrOH

Huixin Qiu,? Jiayi Ren,? Long Zhang,*® Ran Song,* Wen Si,? Daoshan Yang,? Lirong
Wen,*? and Jian Lv*?

a Key Laboratory of Optic-electric Sensing and Analytic Chemistry for Life Science, MOE,
College of Chemistry and Molecular Engineering, Qingdao University of Science & Technology,
Qingdao 266042 (China), E-mail: Ivjian@iccas.ac.cn (J. Lv); wenlirong@qust.edu.cn (L. Wen).
b Center of Basic Molecular Science, Department of Chemistry, Tsinghua University, Beijing

100084 (China), E-mail: zhanglong@tsinghua.edu.cn (L. Zhang).

TABLE OF CONTENTS

I. General Experiment Information and Materials............ccccoceeeviieniieiiieniiiiienieeieene, S2
IL. OPtIMIZATION. ....cciuiiieciiieeeiee et e et e eete e et e e et eeereeeeaeeesabeeesabeeesaseeessseeesseeensseeenssens S3
III. Experimental Procedures and Characterization Data..............ccccoeevveviienienieenennne. S9
V. X-ray
STIUCTUTE. ...ttt et s as S56

V. Computational Data............c.ceeeiiiiiiiiiiiieccee et S57
VI NONHNEAT ©ffECL. ......eiiiiieiieieiieee e S&9
VIIL. Control EXPerimeENtSs........c.ceeecuiieiiiieeeiieeciieeeieeeeieeesveeeiveeeseeesnaeessneessseeessseeas S90
VIII.  NMR SPECIIUML...cciiiiiiiiieiiie ettt et ere e bee e sbee e snbeeesnnee s S92
IX. HPLC DaAtA....ceiiiiciecieeee ettt ettt ete et eseenaeeneeneas S182
X REICIENICE. ..ottt sttt e S231

S1



I. General Experiment Information and Materials

All commercial reagents were used without further purification unless otherwise noted.
Solvents were freshly dried according to the purification handbook Purification of
Laboratory Chemicals before using. Proton and carbon magnetic resonance spectra (\H
NMR and '3C NMR) were recorded on a Bruker Avance 400 and 500MHz
spectrometer. Tetramethylsilane (TMS) served as the internal standard for 'H NMR,
and CDCl; served as the internal standard for 3C NMR. 'H NMR data were reported
as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m =
multiplet, td = triplet of doublet, dt = doublet of triplet, dd = doublet of doublet),
coupling constants (Hz), and integration. Infrared Spectroscopy was conducted on
Thermo Fisher Nicolet is10. The X-ray single-crystal diffraction was performed on
Saturn 724+ instrument. High resolution mass spectra were obtained on an Ultima

Global spectrometer with an ESI source.
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I1. Optimization

Table S1. Screening of different Lewis acids in MPV reaction of 2a“

O OH

“ Lewis acid (20 mol%) .
©/\)\COZiPr (S)-1a (5 mol%) ©/\/'\COZiPr
i-PrOH (1.0 mL), r.t., 15 h
2a N, 3a

Entry Lewis acid Yield (%)? ee (%)°
1 HfC14 95 24
2 ScBr3 75 59
3 Ni(OTf), NR -
4 FeCl, NR -
5 Cu(OTH), NR -
6 InBr3 NR —
7 FeBr3 NR —
8 Bi(OAc), NR _
9 Zn(OTf), trace -
10 Hf(OTY), NR -
11 InCl trace -
12 In(OAc), NR -
13 Inl, trace -
14 CuBr2 NR —
15 CuBr NR —
16 Zn(OAc), NR -
17 In(OTf), trace -
18 Sc(OTH), 97 91
19 Mg(OT1), NR -
20 InCl3 NR _
21 Bi(OTf), NR -
204 Sc(OTf); 98 90

@ Reaction conditions: 2a (0.1 mmol) and Lewis acid (20 mol %), (S)-1a (5§ mol%) in i-PrOH (1.0
mL) under N, at room temperature for 15 h. ? Isolated yield. ¢ Determined by HPLC analysis on a

chiral stationary phase. ¢ At 50 °C for 8 h. NR = No Reaction.
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Table S2. Screening of different chiral ligands in MPV reaction of 2a“

0]

wCOZIPr

OH

Lewis acid (20 mol%)
1 (5 mol%) NcogiPr
i-PrOH (1.0 mL), r.t., 15 h

N2

3a

(S)-1a: X = H, Ar = 4-PhCgH, (S)-1i: X =H, Ar = Ph

(S)-1b: X = Na, Ar = 4-PhCgH,
(S)-1c: X = Ag, Ar = 4-PhCgH,
(S)-1d: X = H, Ar = 2,4,6-MesCgHs
(S)-1e: X = H, Ar = 2-CICqH,
(S)1f: X = H, Ar = 4-CICgH,
(S)-1g: X = H, Ar =4-MeCgHy

(S)-1h: X =H, Ar = 2,4-F,CgH, (R)-1i: X=H, Ar=Ph

(S)-1j: X =H, Ar = 4-CF3CgH,
(S)-1k: X = H, Ar = 4-NO,CgH,
(S)-11: X =H, Ar = 4-BrCgH,
(S)-1m: X = H, Ar = 3,5-(CF3),CgH3
(S)-1n: X =H, Ar = 4-MeOCgH,
(R)-1d: X = H, Ar = 2,4,6-Me3CgH,

Entry Lewis acid Ligands Yield (%) ? ee (%) ¢
1 Sc(OTH), (S)-1a 97 91

2 Sc(OTH), (S)-1b 83 82

3 Sc(OTH), (S)-1¢ 97 84

4 Sc(OTH), (S)-1d 96 93

5 Sc(OTH), (S)-1e 97 92

6 Sc(OTH), (S)-1f 84 56

7 Sc(OTH), (S)-1g 95 58

8 Sc(OTH), (S)-1h 96 78

9 Sc(OTH), (S)-1i 96 88

10 Sc(OTH), (S)-1j 98 84

11 Sc(OTH), (S)-1k 88 64

12 Sc(OTH), (S)-11 97 88

13 Sc(OTH), (S)-1m 90 Racemic
14 Sc(OTH), (S)-10 88 84

15 Sc(OTH), (R)-1d 98 96 (S)
16 Sc(OTf); (R)-1i 95 88 (S)
17 Sc(OTf); 2a 99 94

18 Sc(OTf)s 2b 98 90

@ Reaction conditions: 2a (0.1 mmol) and Lewis acid (20 mol %), 1 (5 mol%) in i-PrOH

(1.0 mL) under N, at room temperature for 15 h. ? Isolated yield. ¢ Determined by HPLC

analysis on a chiral stationary phase.
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Table S3. Screening of different ratio of binary acid in MPV reaction of 2a ¢

0 Lewis acid (x mol%) oH
©/\)\cozipr (R)-1d (y mol%) ©/\/\COQiPr
i-PrOH (1.0 mL), rt., 15 h
2a N2 3a
Entry X y Yield (%) ® ee (%) ¢
1 20 5 98 96
2 15 5 98 94
3 10 5 97 96
4 5 5 97 98
5 20 1 98 94
6 15 1 99 94
7 10 1 98 96
8d 5 1 98 98
94d 5 0.5 85 96
104 3 1 98 98
114 1 1 89 98
124 3 0.5 99 98
134 1 0.5 88 98
14 ¢ 0.5 0.5 90 98
15¢ 0.5 0.2 88 98
16¢ 0.5 0.1 86 96

@Reaction conditions: 2a (0.1 mmol) and Lewis acid (20 mol %), 1 (5 mol%) in i-PrOH
(1.0 mL) under N, at room temperature for 15 h. ? Isolated yield. ¢ Determined by HPLC
analysis on a chiral stationary phase. ¢ 2a (0.2 mmol) in i-PrOH (2.0 mL). ¢ 2a (0.5
mmol) in ;-PrOH (5.0 mL).
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Table S4. Screening of different chiral ligands in MPV reaction of 14a“

0}

& COzIPr

994
Ar

Lewis acid (20 mol%)
1 (5 mol%)

i-PrOH (1.0 mL), r.t,, 15 h
N2

(S)-1a: X = H, Ar = 4-PhCgH,
(S)-1b: X = Na, Ar = 4-PhCgH,
(S)-1c: X = Ag, Ar = 4-PhCgH,
(S)-1d: X = H, Ar = 2,4,6-Me;CgH,
(S)-1e: X = H, Ar = 2-CICgH,
(S)-1f: X = H, Ar = 4-CICgH,
(S)-1g: X = H, Ar =4-MeCgH,

OH

// COZIPF

15a
(S)-1h: X = H, Ar = 2,4-F,CgH,
(S)-1i: X =H, Ar=Ph
(S)-1j: X = H, Ar = 4-CF3CgH,
(S)-1k: X = H, Ar = 4-NO,CgH,
(S)-11: X = H, Ar = 4-BrCgH,
(S)-1m: X = H, Ar = 3,5-(CF3),C¢H3
(S)-1n: X = H, Ar = 4-MeOCgH,

entry Lewis acid Ligands Yield (%)? ee (%)°
1 Sc(OTH), (S)-1a 36 Racemic
2 Sc(OTH), (S)-1b 22 racemic
3 Sc(OTH), (S)-1¢ 24 2

4 Sc(OTH), (S)-1d 67 58

5 Sc(OTH), (S)-1e 21 Racemic
6 Sc(OTH), S)-1f 21 Racemic
7 Sc(OTH), S)-1g 33 Racemic
8 Sc(OTH), (S)-1h 47 2

9 Sc(OTH), (S)-1i 36 Racemic
10 Sc(OTH), (S)-1j 35 2

11 Sc(OTH), (S)-1k 37 2

12 Sc(OTH), -1 48 Racemic
13 Sc(OTH), (S)-1m 36 6

14 Sc(OTH), (S)-1n 33 racemic
154 Sc(0Tf), (S)-1d 89 88

16¢ Sc(0Tf), (S)-1d 34 12

17 Sc(0Tf), (S)-1d 76 78

@ Reaction conditions: 14a (0.1 mmol) and Sc(OTf); (20 mol %), 1 (5§ mol%) in i-PrOH (1.0 mL)

under N, at 50 °C for 8 h. ? Isolated yield. ¢ Determined by HPLC analysis on a chiral stationary

phase. 43 A MS (10 mg). ¢4 A MS (10 mg)./5 A MS (10 mg).
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Table S5. Screening of different ratio of binary acid in MPV reaction of 14a ¢

2 Sc(OTf); (20 mol%) '
=~ "COuiPr (S)-1d (5 mol%) =~ "COyiPr
3 AMS (10 mg)
14a i-PrOH (1.0 mL), 50 °C, 8 h 15a
N
Entry X y Yield (%)? ee (%)°
1 20 5 89 88
2 20 10 87 88
3 10 10 92 90
4 10 5 90 92
5 5 5 93 90

@ Reaction conditions: 14a (0.1 mmol), Sc(OTf); (x mol %), (S)-1d (y mol%), and 3 A MS (10 mg)
in i-PrOH (1.0 mL) under N, at 50 °C for 8 h. ? Isolated yield. ¢ Determined by HPLC analysis on a

chiral stationary phase. nr = no reaction.
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Table S6. Screening of different amount of Al(OiPr); as additive in MPV reaction of

14f ¢
Sc(OTf) (10 mol %)
0 (S)-1d (5 mol %) {H .
4 COzlPr AI(OIPF)3 (X mol %) // COZIPF é
3 AMS (10 mg)
MeO 14c I-PrOH (10 ML), T,8h a0 15¢
Ny

Entry X T (°C) Yield (%)? ee (%)°
1 20 50 95 90
2 10 50 94 86
3 5 50 90 86
i 20 it 90 92
54 20 0 94 95
64 20 -20 90 92

@ Reaction conditions: 14f (0.1 mmol), Sc(OTf); (10 mol %), (S)-1d (5 mol %), Al(OiPr); (x mol
%), and 3 A MS (10 mg) in i-PrOH (1.0 mL) under N, at 50 °C for 8 h. ? Isolated yield. ¢ Determined

by HPLC analysis on a chiral stationary phase. ¢ For 12 h.
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II1. Experimental Procedures and Characterization Data

A) Synthesis of f,y-unsaturated a-keto esters 2, 6
o ) O

L 1. KOH, CH3OH OR’
o Sy Ay
o 2. CH3COCI, R"OH,refulx o)
A B 2,6

General procedure I: A 100 mL round-bottom flask was charged with a mixture of A
and (80 mmol) pyruvic acid B (5.5 mL, 78 mmol) in 4 mL of MeOH, and KOH (6.72
g, 0.12 mmol) dissolved in methanol, which was dropped to the mixture while
maintaining the temperature at 0 °C in 30 minutes. After warming to room temperature
and stirring for 3 hours, the yellow solid was filtered off with suction, recrystallized
with methanol, filtered with suction, and dried to obtain 13 g of the yellow solid
potassium salt (80% vyield). The potassium salt was dissolved in isopropanol or
cyclopentanol (70 mL), and then acetyl chloride (10 mL, 140 mmol) was added
dropwise with constant stirring at 0 °C. The reaction mixture was heated to reflux
overnight until the reaction completed. The excess amount of isopropanol or
cyclopentanol was removed under reduced pressure. Then 20 mL of H,O was added to
the crude mixture, which was extracted with DCM. The organic layers dried over
anhydrous Na,SO,, and then concentrated under reduced pressure, Purification of
mixture by column chromatography on silica gel (PE/EA =20:1 to 10:1, v/v) gave the

desired products 2, 6.
O

F

2b

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). 'H NMR (500 MHz, CDCls): 6 7.78 (d, J
=16.1 Hz, 1H), 7.64 — 7.57 (m, 2H), 7.26 (d, /= 16.1 Hz, 1H), 7.09 (t, J = 8.5 Hz, 2H),
5.25 - 5.14 (m, 1H), 1.37 (d, J = 6.3 Hz, 6H) ppm. 3C NMR (126 MHz, CDCls) &
182.5,164.1 (d, 'Jcr=254.5Hz), 161.3, 146.2, 130.5 (d, *Jcr = 8.8 Hz), 129.9 (d, 4Jcr
=3.8 Hz), 119.9, 115.8 (d, 2Jc.r = 22.7 Hz), 70.2, 21.1 ppm.
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0

)@NLCOZiPr
Cl

2c

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (500 MHz, CDCl3) 8 7.76 (d, J =
16.1 Hz, 1H), 7.54 (d, J = 8.5 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.30 (d, /= 16.1 Hz,
1H), 5.24 — 5.15 (m, 1H), 1.37 (d, J = 6.3 Hz, 6H) ppm. 13C NMR (126 MHz, CDCl;)
0182.4,161.2,146.0, 137.0, 132.1, 129.6, 128.9, 120.5, 70.3, 21.1 ppm.

O

/©/\)L002ipr
Br

2d

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). "H NMR (500 MHz, CDCl;) 6 7.74 (d, J =
16.1 Hz, 1H), 7.53 (d, J = 8.4 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 16.1 Hz,
1H), 5.24 — 5.15 (m, 1H), 1.37 (d, J= 6.3 Hz, 6H) ppm. 3C NMR (126 MHz, CDCl3)

0182.4,161.2,146.1,132.5, 131.9, 129.8, 125.5, 120.6, 70.3, 21.2 ppm.
O

O/\)Lcozim
F3C

2e

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (500 MHz, CDCl3) 6 7.82 (d, J =
16.2 Hz, 1H), 7.72 (d, J = 8.2 Hz, 2H), 7.66 (d, J = 8.2 Hz, 2H), 7.41 (d, /= 16.2 Hz,
1H), 5.26 — 5.17 (m, 1H), 1.38 (d, J = 6.3 Hz, 6H) ppm. 13C NMR (126 MHz, CDCl;)
0 182.8,161.5, 145.8, 137.4,132.7 (q, J = 32.8 Hz), 129.0, 126.0 (q, /= 3.7 Hz), 123.7

(q,J=272.4 Hz), 122.8, 70.9, 21.6 ppm.
)

/©/\)\cozipr
Me

2f

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (500 MHz, CDCl3) 8 7.83 (d, J =
16.1 Hz, 1H), 7.54 (d, /= 7.8 Hz, 2H), 7.31 (d, J = 16.1 Hz, 1H), 7.24 (d, /= 7.8 Hz,
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2H), 5.29 — 5.20 (m, 1H), 2.41 (s, 3H), 1.41 (d, J = 6.3 Hz, 6H) ppm. 3C NMR (126
MHz, CDCl;) § 182.8, 161.6, 147.8, 141.9, 130.9, 129.3, 128.6, 119.2, 70.0, 21.2, 21.1

O

J@/\)Lcozim
Ph

2g

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). "H NMR (500 MHz, CDCl;) 6 7.89 (d, /=
16.1 Hz, 1H), 7.73 — 7.60 (m, 6H), 7.49 — 7.44 (m, 2H), 7.42 — 7.35 (m, 2H), 5.32 —
5.17 (m, 1H), 1.41 (d, J = 6.3 Hz, 6H) ppm. 3C NMR (101 MHz, CDCls) & 183.2,
162.0, 147.8, 144.3, 139.9, 133.0, 129.6, 129.0, 128.2, 127.7, 127.1, 120.5, 70.7, 21.7

(0]

MeO

2h

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). "TH NMR (500 MHz, CDCl;) 6 7.78 (d, J =
16.0 Hz, 1H), 7.56 (d, J = 8.6 Hz, 2H), 7.19 (d, J = 16.0 Hz, 1H), 6.91 (d, J = 8.6 Hz,
2H), 5.24 — 5.15 (m, 1H), 3.83 (s, 3H), 1.37 (d, J = 6.3 Hz, 6H) ppm. 13C NMR (126
MHz, CDCl;3) 6 183.1, 162.6, 162.2, 148.1, 131.0, 126.8, 118.4, 114.6, 70.5, 55.4, 21.7

(0]

F\©/\)\cozipr
2i

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). "H NMR (500 MHz, CDCl;) 6 7.76 (d, J =
16.1 Hz, 1H), 7.38 (s, 2H), 7.35 — 7.28 (m, 2H), 7.16 — 7.10 (m, 1H), 5.25 — 5.16 (m,
1H), 1.38 (d, /= 6.3 Hz, 6H) ppm. *C NMR (126 MHz, CDCl3) 8 182.9, 163.0 (d, 'Jc.r
=247.0 Hz), 161.6, 146.5 (d, “Jcr = 2.5 Hz), 136.3 (d, 3Jcr = 7.6 Hz), 130.6 (d, 3Jc.r
=8.8 Hz), 125.0 (d, *Jc.F=2.5Hz), 121.8,118.3 (d, 2Jc.r =21.4 Hz), 115.0 (d, /=21 .4
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Hz), 70.8, 21.6 ppm.
O

C'\©/\)\cozipr

2j
Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). "H NMR (500 MHz, CDCl;) 6 7.74 (d, J =
16.1 Hz, 1H), 7.59 (s, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.37 —
7.30 (m, 2H), 5.25 - 5.17 (m, 1H), 1.38 (d, J = 6.3 Hz, 6H) ppm. '*C NMR (126 MHz,
CDCl;) 6 182.9, 161.6, 146.3, 135.9, 135.1, 131.3, 130.3, 128.5, 127.1, 121.8, 70.9,

21.6 ppm.
O

B
r\QMCOyPr

2k

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). 'H NMR (500 MHz, CDCl;) 6 7.79 — 7.73
(m, 2H), 7.56 (t, J=9.1 Hz, 2H), 7.38 — 7.29 (m, 2H), 5.29 — 5.20 (m, 1H), 1.41 (d, J
= 6.3 Hz, 6H) ppm. 3C NMR (126 MHz, CDCls) 6 182.8, 161.6, 146.1, 136.1, 134.2,

131.5, 130.6, 127.6, 123.2, 121.8, 70.9, 21.7 ppm.
0

Me\@/\)\COQiPr

2|

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (500 MHz, CDCl3) 6 7.84 (d, J =
16.1 Hz, 1H), 7.46 (d, J = 6.8 Hz, 2H), 7.37 — 7.27 (m, 3H), 5.30 — 5.21 (m, 1H), 2.41
(s, 3H), 1.42 (d, J = 6.3 Hz, 6H) ppm. *C NMR (126 MHz, CDCl;) & 183.3, 162.0,

148.5, 138.8, 134.0, 132.5, 129.6, 129.0, 126.3, 120.5, 70.6, 21.7, 21.3 ppm.
O

MGOWCOQiPr

2m

Prepared according to the general procedure I above and obtained as yellow oil, eluent:

petroleum ether/ethyl acetate (20:1 to 10:1). "H NMR (500 MHz, CDCl;) 6 7.78 (d, J =
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16.1 Hz, 1H), 7.34 — 7.27 (m, 2H), 7.20 (d, J= 7.5 Hz, 1H), 7.11 (s, 1H), 6.98 (d, 1H),
5.25 - 5.16 (m, 1H), 3.82 (s, 3H), 1.37 (d, J = 6.3 Hz, 6H) ppm. 3C NMR (126 MHz,
CDCl3) 5 183.2, 161.9, 160.0, 148.2, 135.4, 130.1, 121.8, 120.9, 117.6, 113.5, 70.7,

55.4, 21.6 ppm.

Cl O

X COzIPr

2n
Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (500 MHz, CDCl3) 8 8.25 (d, J=
16.2 Hz, 1H), 7.74 (d, J = 7.7 Hz, 1H), 7.44 (d, J= 7.9 Hz, 1H), 7.37 (t, J = 7.1 Hz,
1H), 7.34 —7.28 (m, 2H), 5.29 — 5.20 (m, 1H), 1.40 (d, J = 6.3 Hz, 6H) ppm. 3C NMR
(126 MHz, CDCl5) 6 183.4, 161.8, 143.8, 136.0, 132.2, 132.2, 130.4, 127.9, 127.2,

123.1, 70.8, 21.7 ppm.
Br 0]

©Mcozipr

20

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (500 MHz, CDCl3) 6 8.13 (d, J=
16.1 Hz, 1H), 7.64 (d, J = 7.7 Hz, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.28 (t, J = 7.4 Hz,
1H), 7.20 (t, 1H), 7.14 (d, J = 16.1 Hz, 1H), 5.20 - 5.11 (m, 1H), 1.32 (d, /= 6.2 Hz,
6H) ppm. *C NMR (101 MHz, CDCl;) 6 178.1, 156.5, 141.2, 128.7, 128.4, 127.0,
122.8, 122.6, 121.2, 118.1, 65.5, 16.4 ppm.

Cl o

Cl

2p
Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (500 MHz, CDCl3) 6 7.93 (d, J=
16.6 Hz, 1H), 7.48 (d, J=16.6 Hz, 1H), 7.37 (d, J = 8.0 Hz, 2H), 7.22 (t, J = 8.1 Hz,
1H), 5.26 — 5.18 (m, 1H), 1.38 (d, J = 6.3 Hz, 6H) ppm. 13C NMR (101 MHz, CDCl;)
0 183.5,161.4,141.3,135.5, 131.5, 130.6, 129.0, 128.9, 70.9, 21.7 ppm.
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(0]

CID/VLCOZM
Cl

2q

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). 'H NMR (400 MHz, CDCl;) 6 7.74 — 7.67
(m, 2H), 7.50 — 7.41 (m, 2H), 7.32 (d, /= 16.2 Hz, 1H), 5.26 — 5.15 (m, 1H), 1.38 (d, J
= 6.3 Hz, 6H) ppm. *C NMR (101 MHz, CDCl;) 8 182.6, 161.5, 145.0, 135.5, 134.1,

133.5,131.1, 130.4, 127.8, 122.1, 71.0, 21.6 ppm.
o}

OO N"Nco,iPr

2r

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1); 'H NMR (400 MHz, CDCl;) & 7.99 (d, J
=16.5 Hz, 2H), 7.89 — 7.81 (m, 3H), 7.74 (dd, J = 8.6, 1.5 Hz, 1H), 7.57 — 7.49 (m,
2H), 7.44 (d, J=16.0 Hz, 1H), 5.30 — 5.19 (m, 1H), 1.41 (d, /= 6.3 Hz, 6H) ppm. '3C
NMR (101 MHz, CDCl;) 6 183.2, 162.0, 148.3, 134.8, 133.2, 131.9, 131.6, 128.9,
128.9, 128.0, 127.9, 127.0, 123.6, 120.8, 70.7, 21.7 ppm.

0]

S X COzlpr
\ |

2s
Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). "H NMR (400 MHz, CDCl;) 6 7.95 (d, /=
15.7 Hz, 1H), 7.49 (d, J= 5.1 Hz, 1H), 7.40 (d, J = 3.6 Hz, 1H), 7.14 — 7.07 (m, 2H),
5.25 - 5.14 (m, 1H), 1.38 (s, 3H), 1.36 (s, 3H) ppm. *C NMR (101 MHz, CDCl;) &

182.6, 161.8, 140.3, 139.8, 133.6, 130.8, 128.7, 119.4, 70.7, 21.7 ppm.

O

A .
/ \ CO,iPr

S
2t
Prepared according to the general procedure I above and obtained as yellow oil, eluent:

petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (400 MHz, CDCl3) 6 7.82 (d, J =
16.0 Hz, 1H), 7.68 — 7.65 (m, 1H), 7.40 — 7.35 (m, 2H), 7.13 (d, /= 16.0 Hz, 1H), 5.25
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—5.15 (m, 1H), 1.38 (s, 3H), 1.37 (s, 3H) ppm. 3C NMR (101 MHz, CDCl;) § 183.4,
161.9, 141.3, 137.7, 131.2, 127.4, 125.3, 120.5, 70.6, 21.7 ppm.

O
0} S

CO,iPr
\ 2

2u

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (400 MHz, CDCl3) 8 7.58 (d, J =
15.6 Hz, 2H), 7.18 (d, /= 15.8 Hz, 1H), 6.80 (d, /= 3.4 Hz, 1H), 6.52 (dd, J=3.5, 1.8
Hz, 1H), 5.24 — 5.13 (m, 1H), 1.37 (s, 3H), 1.35 (s, 3H) ppm. '*C NMR (101 MHz,
CDCl3) 6 182.8, 161.7, 151.1, 146.2, 133.4, 118.4, 118.2, 113.1, 70.6, 21.6 ppm.

0
SRS RS

2v

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (400 MHz, CDCl;) 6 7.73 (d, /=
16.2 Hz, 1H), 7.55 - 7.50 (m, 2H), 7.38 — 7.30 (m, 3H), 7.21 (d, /= 16.2 Hz, 1H), 5.32
—5.25 (m, 1H), 1.95 - 1.83 (m, 2H), 1.81 — 1.67 (m, 4H), 1.61 — 1.51 (m, 2H) ppm. '3C
NMR (101 MHz, CDCl3) 6 183.4, 162.3, 148.2, 134.1, 131.6, 129.1, 129.0, 120.8, 79.7,
32.6, 23.8 ppm.

(0]

Ph/Wj\coziPr

6

Prepared according to the general procedure I above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). 'H NMR (500 MHz, CDCl;) 6 7.67 — 7.58
(m, 1H), 7.50 (d, J = 6.9 Hz, 2H), 7.40 — 7.34 (m, 3H), 7.08 (d, /= 15.5 Hz, 1H), 7.02
—6.95 (m, 1H), 6.87 (d, J=15.3 Hz, 1H), 5.25—-5.16 (m, 1H), 1.38 (d, /= 6.3 Hz, 6H)
ppm. B3C NMR (101 MHz, CDCl;) 4 183.3, 161.9, 148.2, 144.4, 135.7, 129.9, 129.0,
127.6, 126.6, 124.2, 70.5, 21.7 ppm.
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B) Synthesis of f,y-unsaturated a-keto esters 4

o} (0] 0O O
RG)H' N \)S(OH Step1 RWOH Step2 RWOiPr
- o) - o) ~ o)

A D E 4
General procedure II: To a solution of aqueous 0.5 M NaOH (0.6 g, 15 mmol) in
water (30 mL), under N, at room temperature, 2-oxobutyric acid D (0.936 mL, 11
mmol) was added in portions (5 mL of EtOH were used to wash the product container).
The reaction was then left stirring for 5 min and a solution of benzaldehyde derivatives
A (1.4 g, 10 mmol) in EtOH (5 mL) was then slowly added. The reaction was left to
stir at 25 °C overnight. Water was added (5.6 mL) and the solution evaporated under
reduced pressure to eliminate the excess of EtOH. The solution was then washed with
toluene and evaporated (3 x 4 mL) to eliminate traces of this solvent. The aqueous
solution was then cooled down in an ice bath and conc. HCI (2 mL) was slowly added
under magnetically stirring. A white solid precipitated from the solution which was kept
at 0 °C for another hour. The solid E was filtered and dried at 40 °C under vacuum.

To a stirred solution of E (8.5 mmol) and isopropyl alcohol (12.75 mmol) in CH,Cl,
(40 mL) in an ice bath was added a solution of 4-Dimethylaminopyridine (0.85 mmol,
10 mol%) and N,N'-diisopropylcarbodiimide (9.4 mmol) in CH,Cl, (10 mL) via a
dropping funnel. The reaction mixture was allowed to warm up to room temperature
and stirred overnight. Then, the reaction solution was filtrated, and the corresponding
solution was concentrated under reduced pressure. Purification of mixture by column

chromatography on silica gel (PE/EA = 20:1 to 10:1, v/v) gave the desired products 4.
0}

WCoziPr

4a

Prepared according to the general procedure Il above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). 'H NMR (400 MHz, CDCl;) 6 7.49 — 7.37
(m, 6H), 5.35 — 5.25 (m, 1H), 2.14 (d, /= 1.3 Hz, 3H), 1.41 (s, 3H), 1.39 (s, 3H) ppm.
I3C NMR (101 MHz, CDCls) 6 190.2, 165.0, 146.6, 134.8, 133.3, 130.2, 129.7, 128.7,
70.4,21.7, 12.1 ppm.
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o]

4b

Prepared according to the general procedure II above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). '"H NMR (500 MHz, CDCl3) 6 7.42 (d, J =
8.5 Hz, 3H), 7.28 (d, J = 7.8 Hz, 2H), 5.37 — 5.29 (m, 1H), 2.42 (s, 3H), 2.17 (s, 3H),
1.43 (d,J=6.2 Hz, 6H) ppm. 3C NMR (126 MHz, CDCl;) 4 190.3, 165.1, 146.8, 140.3,
132.4,132.1, 130.4, 129.4, 70.2, 21.7, 21.5, 12.1 ppm.

]

Cl

4c
Prepared according to the general procedure Il above and obtained as yellow oil, eluent:
petroleum ether/ethyl acetate (20:1 to 10:1). 'H NMR (400 MHz, CDCl;) 6 7.42 —7.36
(m, 5H), 5.33 — 5.23 (m, 1H), 2.10 (d, /= 1.3 Hz, 3H), 1.39 (s, 3H), 1.38 (s, 3H) ppm.
I3C NMR (101 MHz, CDCls) 6 189.8, 164.7, 144.9, 135.8, 133.8, 133.3, 131.4, 129.0,
70.5,21.7, 12.1 ppm.
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C) Synthesis of a.,B-alkynyl keto esters 14
Cul (5 or 10 mol %)

P O ' EtzN (2.0 equiv) 0O
Z o+ Cl )H(O/Pr > ]
R THF, rt, overnight = COaiPr

O R 14

General procedure III: In a two-necked round-bottomed flack equipped with a
magnetic stirred bar, a rubber speptum, and an nitrogen balloon was placed Cul (5 or
10 mol %), and to it was added THF (0.4 M), triethylamine (2.0 equiv), alkyne and
isopropyl 2-chloro-2-oxoacetate (1.2 equiv). After the mixture was stiired overnight at
room temperature, the reaction was quenched with sat. NaHCO; aq, and the whole
mixture was filtered with a celite pad and extracted with ethyl acetate (10 mLx3). The
combined extracts were was shed with brine, diried over anhydrous Na,SO,, and
concentrated in vacuo. The crude product was purified by silica gel chromatography

(n-hexane/ethyl acetate = 20/1) to give the a,B-alkynyl ketoester 14.
0

©/‘\COZIPr

14a

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). '"H NMR (500 MHz, CDCl;) 6 7.64
(d, J= 8.3 Hz, 2H), 7.50 (t, J = 7.5 Hz, 1H), 7.40 (t, J = 7.8 Hz, 2H), 5.25 — 5.13 (m,
1H), 1.39 (s, 3H), 1.38 (s, 3H) ppm. *C NMR (126 MHz, CDCl3) § 170.0, 158.8, 133.8,
131.8, 128.8,119.2,97.8, 87.2, 71.7, 21.6 ppm.

0]

/©/‘\ CO,iPr
F

14b

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). '"H NMR (500 MHz, CDCl;) 6 7.65
(dd, J= 8.6, 5.5 Hz, 2H), 7.10 (t, J = 8.6 Hz, 2H), 5.24 — 5.11 (m, 1H), 1.39 (s, 3H),
1.37 (s, 3H) ppm. *C NMR (126 MHz, CDCl;) 6 169.9, 164.6 (d, 'Jcr = 256.2 Hz),
158.8, 136.2 (d, 3Jcr = 9.3 Hz), 116.4 (d, 2Jcr = 22.6 Hz), 115.3 (d, ¥Jcr = 3.3 Hz),
96.6, 87.2,71.7, 21.5 ppm.
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0]

MeO

14c

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). '"H NMR (500 MHz, CDCl;) 6 7.60
(d, J=8.6 Hz, 2H), 6.91 (d, J = 8.6 Hz, 2H), 5.23 — 5.09 (m, 1H), 3.84 (s, 3H), 1.38 (s,
3H), 1.37 (s, 3H) ppm. 3C NMR (126 MHz, CDCl;) 8 169.8, 162.6, 159.1, 136.0,
114.6, 110.9, 99.5, 87.8, 71.5, 55.5, 21.6 ppm.

0]

Vo \©/‘\002iPr

14d

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). '"H NMR (500 MHz, CDCl;) 6 7.46
(d, J= 8.2 Hz, 2H), 7.30 (q, J = 8.2, 7.6 Hz, 2H), 5.25 — 5.11 (m, 1H), 2.36 (s, 3H),
1.40 (s, 3H), 1.39 (s, 3H) ppm. 3C NMR (126 MHz, CDCl;) 8 170.0, 158.9, 138.7,
134.2, 132.8, 130.9, 128.7, 119.0, 100.0, 98.3, 87.0, 71.6, 21.6, 21.1 ppm.

0
MeO \©/‘\ CO,iPr
14e

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). 'H NMR (500 MHz, CDCl;) 6 7.31
(t,J=7.9 Hz, 1H), 7.26 — 7.24 (m, 1H), 7.14 (s, 1H), 7.08 — 7.03 (m, 1H), 5.25 - 5.10
(m, 1H), 3.81 (s, 3H), 1.40 (s, 3H), 1.39 (s, 3H) ppm. 3C NMR (126 MHz, CDCl;)
170.0, 159.5, 158.8, 129.9, 126.3,120.1, 118.7, 118.0,97.7, 86.8, 71.7, 55.4, 21.6 ppm.

14f

Prepared according to the general procedure III above and obtained as yellow oil,
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eluent: petroleum ether/ethyl acetate (30:1 to 10:1). '"H NMR (500 MHz, CDCl;) 6 7.61
(d, J=17.7 Hz, 1H), 7.41 (t,J= 7.5 Hz, 1H), 7.29 (d, J= 7.7 Hz, 1H), 7.23 (t,J= 7.6
Hz, 1H), 5.26 — 5.17 (m, 1H), 2.56 (s, 3H), 1.41 (s, 3H), 1.40 (s, 3H) ppm. 3C NMR
(126 MHz, CDCl;) 6 169.9, 158.7, 143.6, 134.4, 131.9, 130.0, 126.0, 119.0, 97.1, 91.1,
71.6, 21.6, 20.5.

0]

M
oMe =~ coyPr

149

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). '"H NMR (500 MHz, CDCl;) § 7.56
(dd,J=17.6, 1.5 Hz, 1H), 7.49 — 7.43 (m, 1H), 6.99 — 6.89 (m, 2H), 5.24 — 5.13 (m, 1H),
3.91 (s, 3H), 1.39 (s, 3H), 1.38 (s, 3H) ppm. 3C NMR (126 MHz, CDCl3) & 170.0,
162.4,158.9, 135.8, 133.8, 120.7, 111.1, 108.4, 95.5, 91.5, 71.5, 56.0, 21.6 ppm.

14h

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). 'H NMR (500 MHz, CDCl;) 6 8.47
(d, J=8.3 Hz, 1H), 8.02 (d, /= 8.2 Hz, 1H), 7.91 (dd, J = 18.0, 7.6 Hz, 2H), 7.66 (t, J
=7.6 Hz, 1H), 7.58 (t, J= 7.5 Hz, 1H), 7.50 (t, J = 7.7 Hz, 1H), 5.34 — 5.23 (m, 1H),
1.47 (s, 3H), 1.46 (s, 3H) ppm. *C NMR (126 MHz, CDCl;) & 169.8, 158.7, 134.6,
134.2, 133.1, 132.9, 128.7, 128.1, 127.2, 125.8, 125.3, 116.7, 96.5, 92.2, 71.8, 21.7

(0]
s // COzlPr
\ |

14i

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). '"H NMR (500 MHz, CDCl;) 6 7.61
(s, 2H), 7.15—-7.07 (m, 1H), 5.24 — 5.09 (m, 1H), 1.39 (d, /= 3.8 Hz, 3H), 1.38 — 1.34
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(m, 3H) ppm. '>C NMR (126 MHz, CDCl;) 5 169.4, 158.8, 138.6, 133.7, 128.1, 119.0,
92.6,92.1,71.8, 21.6 ppm.

0]

/‘\COZIPI’

14j
Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). 'H NMR (500 MHz, CDCl;) 6 5.17
—5.10 (m, 1H), 1.36 (s, 3H), 1.35 (s, 3H), 1.33 (s, 9H) ppm. *C NMR (126 MHz,
CDCl,) 6 170.5, 158.9, 109.2, 78.3, 71.4, 29.7, 28.2, 21.5 ppm.

(]

©/‘\COZtBU

14k

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). '"H NMR (500 MHz, CDCl;) 6 7.64
(d, J=8.3 Hz, 2H), 7.50 (t, /= 8.1 Hz, 1H), 7.40 (t, J= 7.6 Hz, 2H), 1.59 (s, 9H) ppm.
BCNMR (126 MHz, CDCl3) 170.9, 158.2, 133.7, 131.7, 128.8, 119.3, 97.3, 87.3, 84.9,
27.8

0
o)
M O
141
Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). 'H NMR (500 MHz, CDCl;) &
7.67 —7.61 (m, 2H), 7.51 (t, J= 7.5 Hz, 1H), 7.41 (t, J = 7.7 Hz, 2H), 5.41 — 5.30 (m,

1H), 2.01 — 1.93 (m, 2H), 1.90 — 1.79 (m, 4H), 1.70 — 1.62 (m, 2H) ppm. '3C NMR (126
MHz, CDCl;) § 170.0, 159.1, 133.8, 131.8, 128.8, 119.2, 97.7, 87.2, 80.6, 32.6, 23.7.

0]
/COZIPT

Et,Si

14m
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Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). '"H NMR (500 MHz, CDCl;) 6 5.26
—5.05 (m, 1H), 1.37 — 1.32 (m, 6H), 1.07 — 0.99 (m, 9H), 0.75 — 0.65 (m, 6H) ppm. '*C
NMR (126 MHz, CDCl;) 6 169.7, 158.4, 105.1, 101.6, 71.6, 21.5, 7.2, 3.7.

0]

é CO,iPr

iPr3Si
14n

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). 'H NMR (500 MHz, CDCl;) 6 5.21
—5.12 (m, 1H), 1.35 (s, 3H), 1.34 (s, 3H), 1.12 (d, J = 6.0 Hz, 21H). *C NMR (126
MHz, CDCl;) 6 169.6, 158.3, 104.7, 102.5, 71.5, 21.5, 18.4, 11.0.

0]

@/\COZIPF

140

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). 'H NMR (500 MHz, CDCl;) 6 6.68
—6.53 (m, 1H), 5.19 - 5.06 (m, 1H), 2.22 - 2.16 (m, 4H), 1.67 — 1.59 (m, 4H), 1.35 (s,
3H), 1.33 (s, 3H) ppm. 3C NMR (126 MHz, CDCl;) 4 170.1, 159.0, 146.0, 118.9,
100.6, 85.8,71.4,27.9,26.4, 21.8, 21.5, 20.9 ppm

14p

Prepared according to the general procedure III above and obtained as yellow oil,
eluent: petroleum ether/ethyl acetate (30:1 to 10:1). 'H NMR (500 MHz, CDCl;) 6 7.49
—7.38 (m, 2H), 7.34 (d, /= 8.1 Hz, 1H), 5.25 - 5.09 (m, 1H), 2.96 — 2.87 (m, 2H), 2.52
(dd, J=19.0, 8.8 Hz, 1H), 2.42 (dd, J = 12.7, 3.8 Hz, 1H), 2.37 — 2.30 (m, 1H), 2.15
(dd, J=18.8, 9.0 Hz, 1H), 2.10 — 1.96 (m, 3H), 1.66 — 1.60 (m, 2H), 1.57 — 1.43 (m,

S22



4H), 1.40 (s, 3H), 1.39 (s, 3H), 0.92 (s, 3H) ppm. '*C NMR (126 MHz, CDCl) § 170.0,
159.0, 144.6, 137.4, 134.4, 131.2, 125.9, 116.4, 98.7, 87.2, 71.6, 50.5, 47.9, 44.7, 37.7,
35.8,31.5,29.0, 26.1, 25.5, 21.6, 13.8 ppm.
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D) Synthesis of 2-hydroxy-3-enoic acid esters 3

Sc(OTf)3 (0.5 mol%)
«)OJ\ (R)-1d (0.2 mol%) OH
RT™X , CO,R? i-PrOH (5.0 mL), rt., 15 h RV\/?’\COzR2
N>

'"O

General procedure I'V: To a 25 mL flask, f,y-unsaturated a-keto ester 2 (0.5 mmol),
Sc(OTf); (0.0025 mmol, 1.23 mg), (R)-1d (0.001 mmol, 0.58 mg) were dissolved in
solvent i-PrOH (5 mL) under nitrogen atmosphere at room temperature. The reaction
mixture was stirred for 15 h. Then, the reaction solution was filtrated, and the
corresponding solution was concentrated under reduced pressure. Purification of
mixture by column chromatography on silica gel (PE/EA =20:1 to 10:1, v/v) gave the

desired products 3.
OH
©/vcoziPr
3a

3a: Prepared according to the general procedure IV above and obtained as white solid
(96 mg, 88% yield, 98% ee, M.P. = 94 °C), eluent: petroleum ether/ethyl acetate (10:1
to 8:1), [a]p*® = +39.7 (¢ = 0.68, CH,Cl,). '"H NMR (500 MHz, CDCl3) 6 7.31 (d, J =
7.5 Hz,2H), 7.24 (t,J=17.5 Hz, 2H), 7.18 (t, J=7.2 Hz, 1H), 6.73 (d, /= 15.8 Hz, 1H),
6.17 (dd,J=15.9, 5.4 Hz, 1H), 5.10 —4.99 (m, 1H), 4.70 (s, 1H), 3.10 (s, 1H), 1.24 (d,
J=6.2Hz, 3H), 1.20 (d, J = 6.2 Hz, 3H) ppm. 3C NMR (126 MHz, CDCl;) § 172.9,
136.3, 132.0, 128.6, 127.9, 126.7, 125.6, 71.3, 70.3, 21.8, 21.7 ppm. IR (KBr, cm™'):
3446,2979, 2928, 1730, 1636, 1450, 1385, 1241, 1201, 1105, 1076, 966, 781, 744, 693,
561. HRMS (ESI) calcd for C3H;s03Na™ (M+Na)* 243.0997, found 243.0997. Daicel
Chiralpak AD-H, n-hexane/2-propanol =90/10, v=1.0 mL-min-!, A =254 nm, retention

time: 10.6 min (major) and 9.0 min (minor)
OH

J@Mcozipr
F

3b

3b: Prepared according to the general procedure IV above and obtained as yellow oil
(111 mg, 95% yield, 96% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p*°
=+30.8 (¢ =0.50, CH,Cl,). 'H NMR (500 MHz, CDCl;) 6 7.39 — 7.32 (m, 2H), 7.00 (t,
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J=18.6 Hz, 2H), 6.77 (d, /= 15.9 Hz, 1H), 6.16 (dd, J=15.8, 5.4 Hz, 1H), 5.18 — 5.07
(m, 1H), 4.77 (d, J = 5.3 Hz, 1H), 3.20 (s, 1H), 1.31 (d, /= 6.3 Hz, 3H), 1.27 (d, J =
6.3 Hz, 3H) ppm. 3C NMR (126 MHz, CDCl;) 6 172.3, 162.0 (d, 'Jer = 247.0 Hz),
132.0 (d, ¥Jcr = 2.5 Hz), 130.3, 127.7 (d, 3Jc.r =7.6 Hz), 124.9 (d, °Jcr = 1.26 Hz),
115.0 (d, 2Jcr=21.4Hz), 70.7,69.8,21.2,21.2 ppm.IR (KBr, cm™): 3386, 2923, 1632,
1383, 1050. HRMS (ESI) calcd for C3H;sFOsNa* (M+Na)* 261.0903, found 261.0883.
Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 0.8 mL-min’!, A = 254 nm,

retention time: 11.8 min (major) and 9.3 min (minor).

OH

)@MCOZH
Cl

3c

3c: Prepared according to the general procedure IV above and obtained as yellow oil
(123 mg, 98% yield, 96% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
= +52.6 (¢ = 0.65, CH,Cl,). '"H NMR (500 MHz, CDCls) 8 7.33 — 7.26 (m, 4H), 6.76
(dd, J=15.9, 1.4 Hz, 1H), 6.22 (dd, J=15.9, 5.3 Hz, 1H), 5.19 — 5.05 (m, 1H), 4.77 (s,
1H), 3.21 (s, 1H), 1.31 (d, J = 6.3 Hz, 3H), 1.27 (d, J = 6.3 Hz, 3H) ppm. 3C NMR
(101 MHz, CDCls) 6 172.7, 134.8, 133.6, 130.6, 128.8, 127.9, 126.3, 71.1, 70.4, 21.8,
21.8 ppm. IR (KBr, cm™'): 3385, 2922, 1646, 1384, 1049. HRMS (ESI) calcd for
Cy3H;5ClOsNa* (M+Na)™ 277.0606, found 277.0607. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 90/10, v = 1.0 mL-min!, A = 254 nm, retention time: 15.0 min

(major) and 10.6 min (minor)
OH
/@MCOZIPr
Br
3d

3d: Prepared according to the general procedure IV above and obtained as yellow solid
(143 mg, 96% yield, 92% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
=+55.9 (¢ = 0.59, CH,Cl,). 'H NMR (500 MHz, CDCl;) é 7.44 (d, J = 8.4 Hz, 2H),
7.25(d, J=8.4 Hz, 2H), 6.75 (d, J=15.9 Hz, 1H), 6.24 (dd, J=15.9, 5.2 Hz, 1H), 5.19
—5.07 (m, 1H), 4.76 (s, 1H), 3.14 (s, 1H), 1.32 (d, J= 6.3 Hz, 3H), 1.28 (d, /= 6.3 Hz,
3H) ppm. 3C NMR (126 MHz, CDCl3) § 172.6, 135.2,131.7,130.7, 126.4, 121.8,71.2,
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70.4, 21.7. IR (KBr, cm): 3386, 2923, 1383, 1050. HRMS (ESI) calcd for
Cy3H;sBrOsNa™ (M+Na)* 321.0102, found 321.0115. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 90/10, v = 1.0 mL-min!, A = 254 nm, retention time: 15.2 min

(major) and 10.7 min (minor)
OH

@MC%M
FsC

3e

3e: Prepared according to the general procedure IV above and obtained as yellow oil
(139 mg, 97% yield, 90% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
=+23.3 (¢ = 2.16, CH,Cl,). '"H NMR (500 MHz, CDCls) & 7.56 (d, J = 8.2 Hz, 2H),
7.47 (d, J = 8.0 Hz, 2H), 6.86 (dd, J = 15.8, 2.1 Hz, 1H), 6.35 (dd, J = 15.9, 5.1 Hz,
1H), 5.21 - 5.03 (m, 1H), 4.90 —4.71 (m, 1H), 3.28 (d, /=5.6 Hz, 1H), 1.32 (d,J=6.3
Hz, 3H), 1.28 (d, J = 6.2 Hz, 3H) ppm. 3C NMR (126 MHz, CDCl;) & 172.5, 139.8,
130.3, 129.7 (q, J = 32.5 Hz), 128.3, 126.8, 125.6 (q, J = 4.0 Hz), 124.1 (q, J =271.8
Hz), 100.0, 71.1, 70.5, 21.7 ppm. IR (KBr, cm!): 3442, 3051, 2989, 2936, 1732, 1670,
1626, 1577, 1458, 1418, 1378, 1366, 1326, 1169, 1129, 1102, 1069, 991, 843, 645.
HRMS (ESI) caled for Ci4H;sF30;Na* (M+Na)* 311.0871, found 311.0879. Daicel
Chiralpak AD-H, n-hexane/2-propanol = 80/20, v = 0.8 mL-min-!, A = 254 nm, retention
time: 19.1 min (major) and 13.9 min (minor).

OH

@M%Pr
Me

3f
3f: Prepared according to the general procedure IV above and obtained as yellow oil
(113 mg, 97% yield, 98% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
=+17.9 (c = 0.98, CH,Cl,). 'H NMR (500 MHz, CDCl3) é 7.29 (d, J = 8.0 Hz, 2H),
7.13 (d, J=7.9 Hz, 2H), 6.82 — 6.73 (m, 1H), 6.19 (dd, J = 15.8, 5.6 Hz, 1H), 5.17 —
5.08 (m, 1H), 4.77 (s, 1H), 3.12 (d, /=4.9 Hz, 1H), 2.34 (s, 3H), 1.31 (d, /= 6.3 Hz,
3H), 1.27 (d, J = 6.3 Hz, 3H) ppm. 3C NMR (126 MHz, CDCl;) 6 173.0, 137.9, 133.5,
131.9,129.3,126.6, 124.6,71.4,70.2,21.8,21.7,21.2 ppm.IR (KBr, cm!'): 3386, 2923,
2853,1632, 1383, 1049. HRMS (ESI) calcd for Ci4H;350;Na* (M+Na)*257.1154, found
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257.1160. Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 0.8 mL-min-!, A

= 254 nm, retention time: 12.0 min (major) and 9.8 min (minor).
OH

@MC%M
Ph

3g

3g: Prepared according to the general procedure IV above and obtained as white solid
(137 mg, 93% yield, 96% ee, M.P. = 92 °C), eluent: petroleum ether/ethyl acetate (10:1
to 8:1), [a]p>* = +91.5 (c = 0.32, CH,Cl,). '"H NMR (400 MHz, CDCl;) 6 7.59 (dd, J =
11.1, 7.9 Hz, 4H), 7.46 (dd, J = 15.3, 8.0 Hz, 4H), 7.36 (t, /= 7.3 Hz, 1H), 6.87 (d, J =
16.9 Hz, 1H), 6.31 (dd, J = 15.9, 5.4 Hz, 1H), 5.22 — 5.09 (m, 1H), 4.84 (dd, J = 5.4,
1.4 Hz, 1H), 3.26 (d, J = 11.1 Hz, 1H), 1.34 (d, J = 6.3 Hz, 3H), 1.31 (d, J = 6.3 Hz,
3H) ppm. 13C NMR (101 MHz, CDCl3) 6 171.8, 139.7, 139.5, 134.3, 130.5, 127.8,
126.3, 126.2, 126.1, 125.9, 124.7, 70.3, 69.2, 20.7, 20.7 ppm. IR (KBr, cm™): 3446,
3029, 2981, 2932, 1729, 1488, 1465, 1450, 1408, 1385, 1375, 1288, 1206, 1106, 1076,
1006, 968, 952, 829, 755, 692 ppm. HRMS (ESI) caled for C;9HpyOsNa* (M+Na)*
319.1310, found 319.1306. Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v =
1.0 mL-min’!, A =254 nm, retention time: 16.3 min (major) and 12.9 min (minor).

OH

@MCOZM
MeO

3h

3h: Prepared according to the general procedure IV above and obtained as yellow oil
(118 mg, 95% yield, 99% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
=+44.39 (¢ =0.89, in CH,Cl,). 'H NMR (500 MHz, CDCl;) 6 7.32 (d, J= 8.6 Hz, 2H),
6.86 (d, J=8.6 Hz, 2H), 6.74 (d, J= 15.8 Hz, 1H), 6.09 (dd, J=15.8, 5.7 Hz, 1H), 5.12
(hept, J= 6.3 Hz, 1H), 4.75 (t, J=5.2 Hz, 1H), 3.81 (s, 3H), 3.12 (d, J = 5.8 Hz, 1H),
1.31 (d, J= 6.3 Hz, 3H), 1.27 (d, J= 6.3 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3) 3
173.1, 159.5, 131.6, 129.0, 127.9, 123.4, 114.0, 71.4, 70.1, 55.3, 21.8, 21.7 ppm. IR
(KBr, cm): 3418, 2922, 1730, 1632, 1513, 1252, 1069. HRMS (ESI) calcd for
Ci4H1gO4Na™ (M+Na)® 273.1103, found 273.1107. Daicel Chiralpak AD-H, n-

hexane/2-propanol = 90/10, v = 0.8 mL-min-!, A = 254 nm, retention time: 17.9 min
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(major) and 14.1 min (minor).

OH
F\©/\/:\COZIPr
3i

3i: Prepared according to the general procedure IV above and obtained as yellow solid
(108 mg, 91% yield, 90% ee, M.P. = 70 °C), eluent: petroleum ether/ethyl acetate (10:1
to 8:1), [a]p*® = +31.1 (¢ = 1.19, CH,Cl,). 'H NMR (400 MHz, CDCl3) 6 7.23 — 7.17
(m, 1H), 7.06 (d, J=7.7 Hz, 1H), 7.03 — 6.98 (m, 1H), 6.91 — 6.84 (m, 1H), 6.71 (dd, J
=15.9, 1.3 Hz, 1H), 6.18 (dd, J=15.8, 5.2 Hz, 1H), 5.12 — 4.98 (m, 1H), 4.71 (s, 1H),
3.17 (d, J= 4.3 Hz, 1H), 1.24 (d, J = 6.3 Hz, 3H), 1.20 (d, J = 6.3 Hz, 3H) ppm. 13C
NMR (101 MHz, CDCl3) 8 172.6, 163.1 (d, 'Jc.p=246.4 Hz), 138.6 (d 3Jcr = 8.1 Hz),
130.6 (d, “Jc.r=3.0 Hz), 130.1 (d, 3Jc.r =8.1 Hz), 127.0, 122.6 (d, “*Jc.r = 3.0 Hz), 114.7
(d, 2Jcr = 22.2 Hz), 113.1 (d, 2Jcr =22.2 Hz), 71.1, 70.4, 21.8, 21.7 ppm. IR (KBr,
cm!): 3444,3082, 2983, 2933, 1729, 1611, 1582, 1489, 1447, 1386, 1261, 1205, 1139,
1104, 1071, 965, 843, 683. HRMS (ESI) calcd for C;3H;5FO;Na* (M+Na)* 261.0903,
found 261.0898. Daicel Chiralpak AD-H, n-hexane/2-propanol = 80/20, v = 0.8

mL-min-!, A = 254 nm, retention time: 9.1 min (major) and 7.9 min (minor)

OH
C'\©Mco2ipr
3

3j: Prepared according to the general procedure IV above and obtained as yellow oil
(117 mg, 92% yield, 89% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
=+27.8 (¢ =0.49, CH,Cl,). '"H NMR (500 MHz, CDCl3) 6 7.37 (s, 1H), 7.28 — 7.19 (m,
3H), 6.76 (d, J = 15.9 Hz, 1H), 6.26 (dd, J = 15.8, 5.2 Hz, 1H), 5.23 — 5.06 (m, 1H),
4.79 (s, 1H), 3.23 (s, 1H), 1.32 (d, J = 6.3 Hz, 3H), 1.28 (d, /= 6.2 Hz, 3H) ppm. 13C
NMR (126 MHz, CDCl;) 6 172.1, 137.7, 134.1, 129.9, 129.3, 127.4, 126.7, 126.0,
124.5,70.6, 69.9,21.2, 21.2 ppm. IR (KBr, cm™'): 3443, 2983, 2923, 1729, 1695, 1607,
1567, 1555, 1470, 1454, 1431, 1375, 1255, 1201, 1100, 1078, 907, 784, 684. HRMS
(ESI) calcd for C3H;5ClO3Na* (M+Na)™ 277.0607, found 277.0614. Daicel Chiralpak

AD-H, n-hexane/2-propanol = 80/20, v=0.8 mL-min!, A = 254 nm, retention time: 9.1
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min (major) and 7.8 min (minor).

OH

B <
r\(>/\A002/Pr

3k

3k: Prepared according to the general procedure IV above and obtained as yellow oil
(140 mg, 94% yield, 95% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p*°
=+32.3 (¢ =0.39, CH,Cl,). 'H NMR (500 MHz, CDCl3) 6 7.52 (s, 1H), 7.36 (d,J=17.9
Hz, 1H), 7.28 (d, /= 7.7 Hz, 1H), 7.17 (t, /= 7.8 Hz, 1H), 6.74 (d, J = 15.8 Hz, 1H),
6.25(dd,J=15.8,5.2 Hz, 1H), 5.16 - 5.07 (m, 1H), 4.79 (dd, J= 5.1, 1.5 Hz, 1H), 3.31
(s, 1H), 1.29 (dd, J = 17.6, 6.3 Hz, 6H) ppm. 3C NMR (126 MHz, CDCl;) 6 172.1,
138.0, 130.3, 129.8, 129.6, 128.9, 126.7, 124.9, 122.3, 70.6, 69.9, 21.3 ppm. IR (KBr,
cm!): 3442, 2979, 2926, 1730, 1591, 1561, 1469, 1376, 1261, 1203, 1103, 1071, 966,
905, 788, 761, 680. HRMS (ESI) calcd for C;3H;sBrOs;Na” (M+Na)" 321.0102, found
321.0081. Daicel Chiralpak AD-H, n-hexane/2-propanol = 80/20, v = 0.8 mL-min-!, A

= 254 nm, retention time: 9.6 min (major) and 8.1 min (minor).
OH

M T

3l

31: Prepared according to the general procedure IV above and obtained as yellow oil
(114 mg, yield 98%, ee 97%), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
= +55.1 (¢ = 0.37, CH,Cl,). '"H NMR (400 MHz, CDCl3) 4 7.21 (d, J = 6.1 Hz, 3H),
7.13 —7.06 (m, 1H), 6.78 (dd, J = 15.9, 1.6 Hz, 1H), 6.23 (dd, J=15.9, 5.5 Hz, 1H),
5.20-5.07 (m, 1H), 4.79 (s, 1H), 3.23 (d, J=4.5 Hz, 1H), 2.35 (s, 3H), 1.32 (d,J=6.3
Hz, 3H), 1.28 (d, J = 6.3 Hz, 3H) ppm. 3C NMR (101 MHz, CDCl;) & 173.0, 138.2,
136.2, 132.1, 128.8, 128.5, 127.4, 125.4, 123.8, 71.4, 70.2, 21.8, 21.8, 21.4 ppm. IR
(KBr, cm'): 3421, 2968, 2922, 1382, 1253, 1066, 895. HRMS (ESI) calcd for
Ci4Hg03Na™ (M+Na)® 257.1154, found 257.1165. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 80/20, v = 0.8 mL-min-!, A = 254 nm, retention time: 8.5 min

(major) and 7.4 min (minor).
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OH

M60\©/\/\cozipr

3m

3m: Prepared according to the general procedure IV above and obtained as yellow oil
(121 mg, 97% yield, 94% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
= +31.1 (¢ = 0.30, CH,Cl,). 'H NMR (400 MHz, CDCl3) 4 7.19 — 7.13 (m, 1H), 6.91
(d, J=17.7 Hz, 1H), 6.87 — 6.83 (m, 1H), 6.76 — 6.67 (m, 2H), 6.16 (dd, J=15.8, 5.4
Hz, 1H), 5.11 - 5.00 (m, 1H), 4.70 (t,J=4.2 Hz, 1H), 3.74 (s, 3H), 3.10 (d, /= 5.5 Hz,
1H), 1.24 (d, J = 6.3 Hz, 3H), 1.20 (d, J = 6.3 Hz, 3H) ppm. 3C NMR (101 MHz,
CDCly) 6 172.9, 159.8, 137.8, 137.7, 131.8, 129.6, 126.0, 119.3, 113.5, 112.1, 71.3,
70.3,55.2,21.8,21.7 ppm. IR (KBr, cm™!): 3444, 2981, 2934, 1729, 1603, 1581, 1489,
1455, 1433, 1375, 1266, 1157, 1102, 1045, 971, 777, 689. HRMS (ESI) calcd for
Ci4Hs04Na™ (M+Na)™ 273.1103, found 273.1107. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 80/20, v = 0.8 mL-min!, A = 254 nm, retention time: 12.6 min

(major) and 10.9 min (minor).

cl OH

X COzlpr

3n
3n: Prepared according to the general procedure IV above and obtained as yellow solid
(118 mg, 93% yield, 97% ee, M.P. = 98 °C), eluent: petroleum ether/ethyl acetate (10:1
to 8:1), [a]p*® = +41.6 (c = 0.38, CH,Cl,). 'H NMR (500 MHz, CDCl3) & 7.49 (dd, J =
7.5,1.7Hz, 1H), 7.34 (dd, J=17.6, 1.5 Hz, 1H), 7.23 — 7.13 (m, 3H), 6.24 (dd, /= 15.9,
5.3 Hz, 1H), 5.20—-5.07 (m, 1H), 4.83 (t,/=4.6 Hz, 1H), 3.37 (d, /J=5.8 Hz, 1H), 1.31
(d,J=6.3 Hz, 3H), 1.28 (d, J= 6.3 Hz, 3H) ppm. >*C NMR (126 MHz, CDCl5)  172.6,
134.5, 133.4, 129.7, 128.9, 128.7, 128.2, 127.1, 126.8, 71.4, 70.3, 21.8, 21.7 ppm. IR
(KBr, cm): 3442, 2981, 2935, 1727, 1467, 1433, 1385, 1290, 1203, 1144, 1104, 1072,
965, 776, 755, 684. HRMS (ESI) calcd for C3H;5CIOsNa* (M+Na)* 277.0607, found
277.0606. Daicel Chiralpak AD-H, n-hexane/2-propanol = 80/20, v = 0.8 mL-min-!, A

= 254 nm, retention time: 15.7 min (major) and 14.0 min (minor).
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Br OH

@MC%M

30

3o0: Prepared according to the general procedure IV above and obtained as yellow solid
(139 mg, 93% yield, 97% ee, M.P. = 53 °C), eluent: petroleum ether/ethyl acetate (10:1
to 8:1), [a]p*® = +71.0 (¢ = 0.29, CH,Cl,). '"H NMR (500 MHz, CDCl;) & 7.58 (d, J =
8.0 Hz, 1H), 7.51 (d,J=7.8 Hz, 1H), 7.29 (t, /= 7.5 Hz, 1H), 7.22 - 7.11 (m, 2H), 6.24
(dd, J=15.8,5.3 Hz, 1H), 5.23 - 5.11 (m, 1H), 4.87 (s, 1H), 3.43 — 3.29 (m, 1H), 1.36
(d,J=6.3 Hz, 3H), 1.32 (d, J= 6.3 Hz, 3H) ppm. >*C NMR (126 MHz, CDCl;)  172.6,
136.3, 133.0, 130.9, 129.2, 128.9, 127.5, 127.3, 123.9, 71.3, 70.3, 21.8 ppm. IR (KBr,
cml): 3436, 2979, 2928, 1725, 1463, 1374, 1277, 1200, 1101, 1070, 962, 775, 748,
662, 562. HRMS (ESI) calcd for C{3H,sBrO;Na* (M+Na)* 321.0102, found 321.0103.
Daicel Chiralpak AD-H, n-hexane/2-propanol = 80/20, v = 0.8 mL-min-!, A = 254 nm,

retention time: 15.8 min (major) and 14.3 min (minor).

cl OH

X COZIPI"

of
3p

30: Prepared according to the general procedure IV above and obtained as yellow oil
(134 mg, 93% yield, 78% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p*°
=+31.9 (¢ = 0.37, CH,Cl,). '"H NMR (500 MHz, CDCl3) 6 7.30 (d, J = 8.0 Hz, 2H),
7.09 (t,J=8.0 Hz, 1H), 6.82 (dd, J=16.2, 1.7 Hz, 1H), 6.31 (dd, /= 16.2, 5.0 Hz, 1H),
520 —-5.10 (m, 1H), 4.84 (dd, J=4.9, 1.7 Hz, 1H), 3.21 (s, 1H), 1.32 (d, J = 6.3 Hz,
3H), 1.28 (d, /= 6.2 Hz, 3H) ppm. 3C NMR (126 MHz, CDCl3) 6 172.5, 134.5, 134 .4,
133.9, 128.4, 128.4, 125.3, 71.2, 70.4, 21.8, 21.7 ppm. IR (KBr, cm'): 3359, 2921,
2359,2339, 1648, 1555, 1383, 1254, 1066, 669. HRMS (ESI) calcd for C;3H;4C1,0;Na*
(M+Na)* 311.0218, found 311.0210. HPLC analysis: Daicel Chiralpak AD-H, n-
hexane/2-propanol = 80/20, v = 0.8 mL-min’!, A = 254 nm, retention time: 8.2 min

(major) and 7.6 min (minor).
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OH

ClDMC%iPr
Cl
3

3q: Prepared according to the general procedure IV above and obtained as yellow oil
(134 mg, 93% yield, 92% ee, M.P. = 58 °C), eluent: petroleum ether/ethyl acetate (10:1
to 8:1), [a]p*® = +53.0 (¢ = 0.23, CH,Cl,). '"H NMR (500 MHz, CDCl;) & 7.46 (d, J =
1.8 Hz, 1H), 7.38 (d, /= 8.3 Hz, 1H), 7.20 (dd, /= 8.3, 1.9 Hz, 1H), 6.73 (dd, J=15.8,
1.4 Hz, 1H), 6.25 (dd, J=15.8, 5.1 Hz, 1H), 5.20 — 5.09 (m, 1H), 4.78 (d, /= 3.7 Hz,
1H), 3.18 (s, 1H), 1.32 (d, J = 6.3 Hz, 3H), 1.28 (d, J = 6.3 Hz, 3H) ppm. 3*C NMR
(126 MHz, CDCl5) 6 171.9,135.9, 132.2,131.1, 130.0, 128.9, 127.8, 127.1, 125.4,70.4,
70.1,21.3 ppm. IR (KBr, cm): 3433, 2981, 2920, 2128, 1719, 1719, 1692, 1605, 1553,
1469, 1375, 1248, 1204, 1131, 1079, 968, 827, 786, 686. HRMS (ESI) calcd for
Cy3H4Cl,O3Na™ (M+Na)* 311.0218, found 311.0228. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 80/20, v = 0.8 mL-min!, A = 254 nm, retention time: 17.9 min

(major) and 13.8 min (minor).
OH

Cosz"

3r

3r: Prepared according to the general procedure IV above and obtained as yellow oil
(109 mg, 81% yield, 98% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
=+100.0 (c = 0.10, in CH,Cl,). '"H NMR (500 MHz, CDCl3) 6 7.79 (dd, J=17.4, 9.0
Hz, 4H), 7.59 (d, J= 8.5 Hz, 1H), 7.50 — 7.41 (m, 2H), 6.99 (d, J = 15.8 Hz, 1H), 6.38
(dd, J=15.8, 5.4 Hz, 1H), 5.20 — 5.11 (m, 1H), 4.85 (d, /= 5.1 Hz, 1H), 3.24 (s, 1H),
1.34 (d, J= 6.2 Hz, 3H), 1.30 (d, J= 6.2 Hz, 3H) ppm. 13C NMR (126 MHz, CDCl3) 3
172.9, 133.7, 133.5, 133.2, 132.1, 128.3, 128.1, 127.7, 126.9, 126.4, 126.1, 126.0,
123.6,71.4,70.3,21.8,21.8 ppm. IR (KBr, cm!): 3466, 2977, 1745, 1722, 1687, 1602,
1590, 1366, 1302, 1243, 1114, 1085, 994, 862, 819, 787, 750, 700. HRMS (ESI) calcd
for C1;H;sO3Na™ (M+Na)* 293.1154, found 293.1153. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 80/20, v = 0.8 mL-min!, A = 254 nm, retention time: 14.2 min

(major) and 12.0 min (minor).
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OH

@/\/\cozipr

3s
3s: Prepared according to the general procedure IV above and obtained as yellow oil
(104 mg, 92% yield, 94% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
=+48.1 (c = 0.89, in CH,Cl,). '"H NMR (500 MHz, CDCl3) & 7.17 (d, J= 4.9 Hz, 1H),
7.00 — 6.89 (m, 3H), 6.08 (dd, J=15.6, 5.3 Hz, 1H), 5.16 — 5.06 (m, 1H), 4.73 (s, 1H),
3.20 (s, 1H), 1.31 (d, J = 6.2 Hz, 3H), 1.27 (d, J = 6.2 Hz, 3H) ppm. 3C NMR (126
MHz, CDCl5) & 172.2, 140.8, 127.0, 125.9, 124.5, 124.5, 124.2, 70.5, 69.8, 21.2, 21.2
ppm. IR (KBr, cm™): 3421, 2922, 1633, 1393, 1066. HRMS (ESI) calcd for
C11H403SNa™ (M+Na)* 249.0561, found 249.0560. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 90/10, v = 1.0 mL-min!, A = 254 nm, retention time: 11.5 min

(major) and 9.1 min (minor).

OH
Wcozfpr
S
3t

3t: Prepared according to the general procedure IV above and obtained as yellow solid
(105 mg, 93% yield, 98% ee, M.P. = 60 °C), eluent: petroleum ether/ethyl acetate (10:1
to 8:1); [a]p*®=+96.3 (c = 0.11, CH,Cl,). '"H NMR (400 MHz, CDCl3) & 7.20 (dd, J =
5.2, 3.1 Hz, 1H), 7.14 — 7.10 (m, 2H), 6.73 (dd, J = 15.8, 1.3 Hz, 1H), 6.02 (dd, J =
15.8,5.5 Hz, 1H), 5.10—-4.99 (m, 1H), 4.67 (dd, J=5.5, 1.5 Hz, 1H), 3.08 (s, 1H), 1.24
(d,J=6.3 Hz, 3H), 1.20 (d, J= 6.3 Hz, 3H) ppm. >*C NMR (101 MHz, CDCl3)  172.9,
138.9, 126.2, 126.1, 125.4, 125.1, 123.0, 71.2, 70.2, 21.8, 21.7 ppm. IR (KBr, cm™'):
3440, 2976, 2918, 2849, 1730, 1464, 1376, 1198, 1102, 1069, 963, 866, 791, 627.
HRMS (ESI) caled for C;;H403SNa* (M+Na)* 249.0561, found 249.0561. Daicel
Chiralpak AD-H, n-hexane/2-propanol = 80/20, v =0.8 mL-min-!, A =254 nm, retention

time: 15.4 min (major) and 12.2 min (minor).

OH
O "co,Pr
\ |

3u

3u: Prepared according to the general procedure IV above and obtained as yellow oil
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(84 mg, 82% yield, 93% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p*°
=+78.0 (¢ = 0.1, in CH,Cl,). '"H NMR (500 MHz, CDCl3) 6 7.35 (t, J = 2.8 Hz, 1H),
6.62 (dd,J=15.7,1.9 Hz, 1H), 6.37 (dd, J=3.4, 1.9 Hz, 1H), 6.28 — 6.15 (m, 2H), 5.15
—5.06 (m, 1H), 4.75 (d, J=3.3 Hz, 1H), 3.14 (s, 1H), 1.31 (d, J=6.1 Hz, 3H), 1.28 (d,
J=6.3 Hz, 3H) ppm. 3C NMR (126 MHz, CDCl5) 6 172.8, 152.1, 142.2, 124.1, 119.8,
111.4,108.9,100.0,70.8,70.3,21.7,21.7 ppm.IR (KBr, cm™): 3398, 2918, 2849, 2297,
2100, 1725, 1463, 1375, 1260, 1102, 965, 820, 742. HRMS (ESI) calcd for
C11H1404Na™ (M+Na)" 233.0790, found 233.0786. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 80/20, v = 0.8 mL-min!, A = 254 nm, retention time: 10.2 min
(major) and 8.9 min (minor).
(:)H
N o
OO
3v

3v: Prepared according to the general procedure IV above and obtained as yellow solid
(119 mg, 97% yield, 97% ee, M.P. = 91 °C), eluent: petroleum ether/ethyl acetate (10:1
to 8:1); [a]p*® = +27.7 (¢ = 0.35, CH,Cl,). 'H NMR (500 MHz, CDCl3) 6 7.37 (d, J =
7.7 Hz, 2H), 7.34 — 7.28 (m, 2H), 7.27 — 7.22 (m, 1H), 6.80 (d, J = 15.9 Hz, 1H), 6.22
(dd, J=15.9, 5.4 Hz, 1H), 5.33 — 5.23 (m, 1H), 4.83 —4.73 (m, 1H), 3.25 (d, J=5.8
Hz, 1H), 1.94 — 1.82 (m, 2H), 1.80 — 1.67 (m, 4H), 1.65 — 1.55 (m, 2H) ppm. 3C NMR
(126 MHz, CDCl3) 6 171.2, 134.4, 130.0, 126.7, 126.0, 124.7, 123.8, 77.4, 69.4, 30.8,
30.7,21.7,21.7.1R (KBr, cm!): 3451,2972, 1731, 1494, 1449, 1353, 1320, 1291, 1239,
1196, 1167, 1093, 1076, 1063, 965, 780, 747, 695, 573 ppm. HRMS (ESI) calcd for
Cy5HgsO3Na™ (M+Na)* 269.1154, found 269.1146. HPLC analysis: Daicel Chiralpak

AD-H, n-hexane/2-propanol = 80/20, v = 1.0 mL-min-!, X = 254 nm, retention time:

18.5 min (major) and 15.0 min (minor).
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E) Synthesis of 2-hydroxy-3-enoic acid esters S

Sc(OTf)3 (20 mol%)
o (R)-1d (5 mol%) OH

R1YJ\COziPr i-PrOH (5.0 mL), 50 °C, 7 h R1YCOziPr
N2

4 5

General procedure V: To a 25 mL flask, f,y-unsaturated a-keto ester 4 (0.5 mmol),
Sc(OTf);(0.1 mmol, 49.2 mg), (R)-1d (0.025 mmol, 14.5 mg) were dissolved in solvent
i-PrOH (5 mL) under nitrogen atmosphere at 50 °C. The reaction mixture was stirred
for 7 h. Then, the reaction solution was filtrated, and the corresponding solution was
concentrated under reduced pressure. Purification of mixture by column

chromatography on silica gel (PE/EA = 20:1 to 10:1, v/v) gave the desired products 5.
(:)H

5a

5a: Prepared according to the general procedure V above and obtained as yellow oil
(111 mg, yield 95%, ee 84%), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p*°
=+425.6 (¢ =0.32, CH,Cl,). 'HNMR (500 MHz, CDCl3) 6 7.27 (t,J=7.5 Hz, 2H), 7.21
(d,J=7.4Hz,2H),7.17 (d,J=8.1 Hz, 1H), 6.57 (s, 1H), 5.11 — 5.02 (m, 1H), 4.56 (d,
J=15.0 Hz, 1H), 3.28 (d, /= 5.2 Hz, 1H), 1.78 (s, 3H), 1.23 (d, /= 6.3 Hz, 3H), 1.19
(d, J = 6.2 Hz, 3H) ppm. *C NMR (126 MHz, CDCl;) 6 173.3, 137.1, 134.7, 129.6,
129.0,128.2,126.9,70.1,21.7,21.6, 13.5 ppm.IR (KBr, cm™): 3501, 2981, 2932, 1727,
1492, 1450, 1375, 1259, 1208, 1176, 1104, 1076, 1015, 906, 820, 748, 699. HRMS
(ESI) calcd for C4H;303;Na™ (M+Na)* 257.1154, found 257.1156. Daicel Chiralpak
AD-H, n-hexane/2-propanol = 80/20, v = 1.0 mL-min’!, A = 254 nm, retention time: 9.1
min (major) and 8.0 min (minor).

OH

5b

Sb: Prepared according to the general procedure V above and obtained as yellow oil
(110 mg, 89% yield, 86% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1), [a]p>°
=+30.0 (c =0.20, CH,Cl,)."H NMR (500 MHz, CDCls3) & 7.26 — 7.18 (m, 4H), 6.64 (s,
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1H), 5.22 — 5.13 (m, 1H), 4.66 (d, J = 5.0 Hz, 1H), 3.39 (d, J = 5.2 Hz, 1H), 2.40 (s,
3H), 1.89 (s, 3H), 1.35 (d, J = 6.3 Hz, 3H), 1.30 (d, J = 6.2 Hz, 3H) ppm. 3C NMR
(126 MHz, CDCl3) 6 173.4, 136.6, 134.2, 133.9, 129.6, 128.9, 128.9, 100.0, 70.0, 21.7,
21.6,21.2, 13.5 ppm. IR (KBr, cm™): 3373, 2974, 2899, 1729 ,1452, 1380, 1268, 1085,
1049, 880, 639. HRMS (ESI) caled for C;sH;yOs;Na" (M+Na)® 271.1310, found
271.1310. Daicel Chiralpak AD-H, n-hexane/2-propanol = 80/20, v = 1.0 mL-min-!, A
= 254 nm, retention time: 10.2 min (major) and 9.2 min (minor).

OH

Cl

5¢

Sc: Prepared according to the general procedure V above and obtained as yellow oil
(119.5 mg, 89% yield, 82% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1),
[a]p*® =+30.9 (¢ = 0.27, in CH,Cl,). '"H NMR (500 MHz, CDCl3) 4 7.34 (d, J= 8.4 Hz,
2H), 7.24 (d, J = 8.4 Hz, 2H), 6.62 (s, 1H), 5.24 — 5.08 (m, 1H), 4.65 (d, J = 4.2 Hz,
1H), 3.45 (d, J = 4.9 Hz, 1H), 1.86 (s, 3H), 1.34 (d, /= 6.3 Hz, 3H), 1.29 (d, /= 6.2
Hz, 3H) ppm. 13C NMR (126 MHz, CDCl3) 8 173.1, 135.5, 135.4, 132.6, 130.3, 128.3,
128.3, 76.5,70.2, 21.7, 21.6, 13.6 ppm. IR (KBr, cm): 3499, 2980, 2927, 2359, 1727,
1490, 1466, 1375, 1259, 1103, 1012, 906, 821, 727, 571. HRMS (ESI) calcd for
Cy4H7ClOsNa* (M+Na)" 291.0764, found 291.0760. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 80/20, v = 1.0 mL-min!, A = 254 nm, retention time: 11.0 min

(major) and 9.2 min (minor).
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F) Synthesis of 2-hydroxy-3-enoic acid esters 7

Sc(OTf)3 (20 mol%)
o (R)-1d (1 mol%) OH

PhWJ\COziPr IPrOH (5.0mL), rt, 150 Ph7 """ Co,Pr
6 N2 7

Reaction procedure I: To a 25 mL flask, f,y-unsaturated a-keto ester 6 (0.5 mmol),
Sc(OTf); (0.1 mmol, 49.2 mg), (R)-1d (0.005 mmol, 2.9 mg) were dissolved in solvent
i-PrOH (5 mL) under nitrogen atmosphere at room temperature. The reaction mixture
was stirred for 15 h. Then, the reaction solution was filtrated, and the corresponding
solution was concentrated under reduced pressure. Purification of mixture by column
chromatography on silica gel (PE/EA = 20:1 to 10:1, v/v) gave the desired products 7.

OH
P N ;
Ph™ X X CO,iPr

7
7: Prepared according to the reaction procedure I above and obtained as yellow oil (92
mg, 75% yield, 92% ee, M.P. = 53 °C), eluent: petroleum ether/ethyl acetate (10:1 to
8:1), [a]p*® =+11.2 (c = 0.27, CH,Cl,). 'H NMR (500 MHz, CDCl;) 8 7.40 (d, J= 7.6
Hz, 2H), 7.31 (t, J=7.6 Hz, 2H), 7.23 (t, J=7.3 Hz, 1H), 6.78 (dd, J = 15.5, 10.7 Hz,
1H), 6.60 (dd, J = 15.3, 6.9 Hz, 2H), 5.84 (dd, J = 15.3, 5.5 Hz, 1H), 5.16 — 5.07 (m,
1H), 4.71 (t, J = 4.8 Hz, 1H), 3.07 (d, J = 5.6 Hz, 1H), 1.31 (d, /= 6.3 Hz, 3H), 1.28
(d, J = 6.2 Hz, 3H) ppm. 3*C NMR (126 MHz, CDCl;) & 172.8, 137.0, 133.7, 132.3,
129.3, 128.6, 127.8, 127.6, 126.5, 71.1, 70.2, 21.8, 21.7 ppm. IR (KBr, cm™): 3360,
2977, 2922, 2852, 1730, 1659, 1451, 1376, 1263, 1214, 1103, 1050, 991, 745, 692.
HRMS (ESI) calcd for C;sH;gOsNa" (M+Na)* 269.1154, found 269.1153. Daicel
Chiralpak AD-H, n-hexane/2-propanol = 80/20, v=1.0 mL-min-!, A =254 nm, retention

time: 16.0 min (major) and 15.1 min (minor).
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G) Gram-scale reaction

o Sc(OTf)3 (0.5 mol%)

OH
(R)-1d (0.2 mol%) H
Ph/\)J\COZiPr . PhX-"co,iPr
i-PrOH (230 mL), r.t., 20 h
N
2a 2 3a, 90%, 99% ee

To a 250 mL flask, f,y-unsaturated a-keto ester 2a (22.9 mmol, 5.0 g), Sc(OTf); (11.5
mmol, 5.66 mg), (R)-1d (4.6 mmol, 2.67 mg) were dissolved in solvent i-PrOH (230
ml) under nitrogen atmosphere. The reaction mixture was stirred for 20 h. Then, the
reaction solution was filtrated, and the corresponding solution was concentrated under
reduced pressure. Purification of mixture by column chromatography on silica gel

(PE/EA =20:1 to 10:1, v/v) gave the desired products 3a (4.53 g, 90% yield, 99% ee).
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H) Transformation of chiral allyl alcohol 3a

OH _ AXOPy Qhe
P N-"co,pr  DCM(01M) Ph™ " o,y
3a rt,4h 8, 89%, 99% ee

Reaction procedure II: Ac,O (102 mg, 1 mmol) was added to a solution of 3a (110
mg, 0.5 mmol) and pyridine (80 pL, 1 mmol) in DCM (5 mL). And the resulting mixture
was stirred at room temperature for 4 hours. After the reaction completed, water (5 mL)
was added and the resulting residue was extracted by DCM (100 mL x 2). The combined
organic layer was dried over anhydrous Na,SO,. After the solvent was removed under
reduced pressure, the crude product was purified by flash column chromatography on
silica gel and eluted with petroleum ether/ethyl acetate (20/1-10/1) to afford 8 (117 mg,
89% yield, 99% ee).

OAc
©/\/\002ipr
8

8: Prepared according to the reaction procedure II above and obtained as colorless oil
(117 mg, 89% yield, 99% ee), eluent: petroleum ether/ethyl acetate (20:1 to 10:1), [a]p*°
=+41.2 (¢ = 0.26, CH,Cl,). 'H NMR (500 MHz, CDCl3) 6 7.41 (d, J = 7.3 Hz, 2H),
7.35(d,J="7.3 Hz, 2H), 7.30—7.26 (m, 1H), 6.81 (d, /= 15.9 Hz, 1H), 6.31 —6.17 (m,
1H), 5.56 (d, J = 6.0 Hz, 1H), 5.20 — 4.99 (m, 1H), 2.20 (d, J = 2.5 Hz, 3H), 1.30 (dd,
J=6.2,2.3 Hz, 3H), 1.25 (dd, J= 6.3, 2.3 Hz, 3H) ppm. 3C NMR (126 MHz, CDCl;)
0 168.9, 167.0, 134.5, 133.8, 127.4, 127.3, 125.6, 119.8, 72.2, 68.4, 20.5, 20.4, 19.5
ppm. IR (KBr, cm™): 3444, 2981, 2930, 1744, 1451, 1373, 1258, 1226, 1104, 1045,
967, 738, 692.

HRMS (ESI) caled for CisH;sO4Na® (M+Na)" 285.1103, found 285.1103. Daicel
Chiralpak AD-H, n-hexane/2-propanol = 98/2, v = 1.0 mL-min-!, A = 254 nm, retention

time: 5.6 min (major) and 5.2 min (minor).
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Pd/C (5 %)
OH H, (1.0 atm) OH
_—

P N""NCOo,Pr  EtOH (0.1 M) ""co,iPr

3a, 99% ee rt,4h

9, 96%, 98% ee

Reaction procedure III: Take starting material 3a (110 mg, 0.5 mmol), Pd/C (3 mg,
0.025 mmol) and ethanol (5 mL) in a round bottom flask, fit with a balloon fill with H,.
The reaction mixture was stirred at room temperature for 4 h. Then, the reaction
solution was filtrated, and the corresponding solution was concentrated under reduced

pressure. Purification of mixture by column chromatography on silica gel (PE/EA =

10:1, v/v) gave the desired products 9 (107 mg, 96% yield, 98% ee).

OH
B

"co,ipr
9

9: Prepared according to the reaction procedure III above and obtained as white solid
(107 mg, 96% yield, 98% ee), eluent: petroleum ether/ethyl acetate (10:1 to 8:1); [a]p>°
=+9.0 (¢ =0.29, CH,Cl,). '"H NMR (500 MHz, CDCl5) 6 7.33 (t,J= 7.5 Hz, 2H), 7.24
(d, J=4.7 Hz, 3H), 5.18 — 5.08 (m, 1H), 4.19 (dd, J = 7.8, 4.0 Hz, 1H), 3.05 (s, 1H),
2.87 = 2.72 (m, 2H), 2.19 — 2.09 (m, 1H), 2.01 — 1.92 (m, 1H), 1.31 (dd, J = 6.4, 4.1
Hz, 6H) ppm. 3C NMR (126 MHz, CDCl;) 4 174.8, 141.3, 128.6, 128.4, 126.0, 69.8,
69.6,36.2, 31.1, 21.8, 21.8 ppm. IR (KBr, cm):3444, 2979, 2925, 1727, 1495, 1454,
1376, 1252, 1179, 1103, 904, 746, 700. HRMS (ESI) calcd for C;3H;303Na* (M+Na)*
245.1154, found 245.1156. Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v =

1.0 mL-min-!, A = 254 nm, retention time: 8.5 min (major) and 7.1 min (minor).
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1) Tf,O/Py

OH DCM (0.1 M) NHBn
BN~ nn Bn .
CO,iPr 2) BnNH, CO,iPr
9, 98% ee DCM (0.1 M) 10, 71%, 96% ee

Reaction procedure IV: To a solution of 9 (111 mg, 0.5 mmol) and pyridine (60 pL,
0.75 mmol) in CH,Cl, (5 mL) was added dropwise trifluoromethanesulfonic anhydride
(126 pL, 0.75 mmol) slowly in an ice bath. The mixture was stirred for 0.5 h in an ice
bath and concentrated in vacuo. Purification of mixture by column chromatography on
silica gel (PE/EA = 30:1, v/v) gave the desired products.

To a suspension of products in CH,Cl, (5 mL) were added Et;N (69 pL, 0.5 mmol) and
then a solution of benzylamine (60 puL, 0.55 mmol) in CH,Cl, (5 mL). After being
stirred at room temperature for 5 h, the reaction mixture was concentrated in vacuo.
The residue was dissolved in EtOAc, washed with H,O, dried over MgSQO,, and
concentrated in vacuo. Purification of mixture by column chromatography on silica gel
(PE/EA = 20:1, v/v) gave the desired products 10 (110 mg, 71% yield, 96% ee).

NHBn

B
n COPr

10
10: Prepared according to the reaction procedure IV above and obtained as colorless oil
(110 mg, 71% yield, 96% ee), eluent: petroleum ether/ethyl acetate (20:1 to 10:1), [a]p*°
=+425.0 (¢ =0.32, CH,Cl,). 'HNMR (500 MHz, DMSO-d;) 6 7.34 — 7.29 (m, 4H), 7.25
(t, J=7.6 Hz, 3H), 7.16 (dd, J=10.4, 7.5 Hz, 3H), 5.20 — 4.75 (m, 1H), 3.77 (d, J =
13.4 Hz, 1H), 3.55 (d, /= 13.4 Hz, 1H), 3.09 (t, J = 6.8 Hz, 1H), 2.75 — 2.56 (m, 2H),
2.45 (s, 1H), 1.90 — 1.74 (m, 2H), 1.21 (dd, J = 6.4, 4.3 Hz, 6H) ppm. 3C NMR (126
MHz, DMSO-d;) 6 174.0, 141.5, 140.3, 128.3, 128.2, 128.1, 128.0, 126.6, 125.7, 67.4,
59.4,50.9, 34.6,31.4,21.7, 21.5 ppm. IR (KBr, cm!): 3443, 2926, 2854, 1727, 1494,
1454, 1374, 1247, 1182, 1106, 1028, 735, 698. HRMS (ESI) calcd for C,,H,sNO,*
(M+H)" 312.1964, found 312.1962. Daicel Chiralpak AD-H, n-hexane/2-propanol =
90/10, v = 1.0 mL-min!, A = 254 nm, retention time: 5.5 min (major) and 4.9 min

(minor).
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OH OCHj

CHl/Ag;0 -
PhX"co,iPr —on Ph " co,iPr
3a, 99% ee 11, 98%, 98% ee

Reaction procedure V: Take starting material 3a (110 mg, 0.5 mmol), Ag,O (0.95 g,
3.5 mmol) and CH;I (5 mL) in a round bottom flask. The reaction mixture was stirred
until the reaction completed. Then, the reaction solution was filtrated, and the
corresponding solution was concentrated under reduced pressure. Purification of
mixture by column chromatography on silica gel (PE/EA = 10:1, v/v) gave the desired

products 11 (114 mg, 98% yield, 98% ee).
OCH;
Ph" X" COgPr

1

11: Prepared according to the reaction procedure V above and obtained as yellow oil
(114 mg, 98% yield, 98% ee), eluent: petroleum ether/ethyl acetate (20:1 to 10:1), [a]p>°
=+11.5 (¢=0.26, in CH,Cl,). '"H NMR (500 MHz, CDCl3) 8 7.46 — 7.42 (m, 2H), 7.37
(t,J=17.5 Hz, 2H), 7.33 — 7.30 (m, 1H), 6.81 (d, /= 16.0 Hz, 1H), 6.24 (dd, J = 15.9,
6.7 Hz, 1H), 5.23 — 5.10 (m, 1H), 4.42 (dd, /= 6.8, 1.4 Hz, 1H), 3.49 (s, 3H), 1.34 (d,
J=6.3 Hz, 3H), 1.31 (d, J = 6.2 Hz, 3H) ppm. 3C NMR (126 MHz, CDCl;) & 170.1,
136.1, 134.1, 128.6, 128.2, 126.7, 123.9, 81.4, 69.0, 57.3, 21.8, 21.7 ppm. IR (KBr, cm
1):3443,2981, 2931, 1744, 1452, 1375, 1261, 1193, 1104, 1048, 968, 738, 693. HRMS
(ESI) calcd for C4H3O3Na" (M+Na)" 257.1154, found 257.1162. Daicel Chiralpak
AD-H, n-hexane/2-propanol = 95/5, v =1.0 mL-min-!, A = 254 nm, retention time: 8.0

min (major) and 7.6 min (minor).
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OCHj LiAlH, (2.0 equiv.) QCHs
Ph/\/\COQIPr Ether (01 M) Ph/\/\CHQOH

r.t., 10 min

11, 98% ee 12, 95%, 99% ee

Reaction procedure VI: Take starting material 11 (117 mg, 0.5 mmol), LiAIH4 (38
mg, | mmol) and ether (5 mL) in a round bottom flask. The reaction mixture was stirred
until the reaction completed. Then, the reaction solution was filtrated, and the
corresponding solution was concentrated under reduced pressure. Purification of
mixture by column chromatography on silica gel (PE/EA = 5:1, v/v) gave the desired
products 12 (85 mg, 95% yield, 99% ee).

OCHs
Ph”™ ™ X""CH,0H

12
12: Prepared according to the reaction procedure VI above and obtained as colorless oil
(85 mg, yield 95%, ee 99%), eluent: petroleum ether/ethyl acetate (5:1 to 3:1), [a]p*0 =
+20.6 (¢ =0.31, CH,Cl,)."H NMR (500 MHz, CDCl;) 8 7.45 (d, J= 7.5 Hz, 2H), 7.38
(t,J=17.5 Hz, 2H), 7.34 — 7.29 (m, 1H), 6.70 (d, /= 16.0 Hz, 1H), 6.09 (dd, J = 16.0,
7.7 Hz, 1H), 3.98 — 3.89 (m, 1H), 3.75 — 3.62 (m, 2H), 3.44 (s, 3H), 2.27 (s, 1H) ppm.
13C NMR (126 MHz, CDCl3) & 135.7, 133.8, 128.2, 127.6, 126.1, 125.4, 82.5, 65.0,
56.1 ppm. IR (KBr, cm™):3360, 2922, 2852, 1730, 1659, 1632, 1452, 1384, 1260, 1063,
969, 748, 693. HRMS (ESI) caled for C;;H;40,Na” (M+Na)* 201.0891, found
201.0900. Daicel Chiralpak AD-H, n-hexane/2-propanol = 95/5, v= 1.0 mL-min’!, A =

254 nm, retention time: 14.7 min (major) and 14.0 min (minor).
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OCH OCH OCH
A 3 MsCl, Py A 3 NaN; K s PPhs
—_— —_— —_— >
Ph CHOH “povoam P CHOMs "Dy oam P CH:Ns  THF (?_1 M)
12, 99% ee rt. 70°C rt
Step 1 Step 2 Step 3
?CH3 Boc,0 ?CHS
Ph"N"CHNH, Eroma M, P S CHNHBoc
rt. 13, 79%, 98% ee
Step 4

Reaction procedure VII: Step 1) Methanesulfonyl chloride (46 pL, 0.6 mmol) was
added successively to a solution of 12 (89 mg, 0.5 mmol) and pyridine (80 uL, 1 mmol)
in DCM (5 mL) at 0 °C. The mixture was then heated to room temperature and stirred
for 5 hours at this temperature. After the reaction completed, it was poured into ice
water. The organic layer was washed successively by 1 M HCI solution (10 mL x 2)
and saturated aqueous sodium bicarbonate solution (10 mL x 2). The organic layer was
dried over anhydrous Na,SO,. After the solvent was removed under reduced pressure,
the crude product was obtained, which could be used directly in the next step without
further purification. Step 2) Sodium azide (65 mg, 1 mmol) was added to a solution of
the crude from the previous step in DMF (5 mL) under nitrogen atmosphere. The
resulting mixture was stirred at 70 °C for 12 hours. Then the reaction was allowed to
cool to room temperature and diluted with water (20 mL). The aqueous layer was
extracted by EtOAc (20 mL x 3) and the combined organic layers were dried over
Na,SO,. After the solvent was removed under reduced pressure, the crude product was
purified by flash column chromatography on silica gel andeluted with petroleum
ether/ethyl acetate (50/1-20/1) to afford (4-azido-3-methoxybut-1-en-1-yl)benzene (75
mg, 74% yield). Step 3) PPh; (97 mg, 0.74 mmol) was added to a solution of(4-azido-
3-methoxybut-1-en-1-yl)benzene (75 mg, 0.37 mmol) in THF (4 mL) under nitrogen
atmosphere and the resulting mixture was stirred at room temperature for 4 hours. Then
water (4 mL) was added and the mixture was allowed to stir for 8 hours. After the
reaction completed, the mixture was concentrated and the residue was extracted by
DCM (5 mL x 3). The combined organic layer was dried over anhydrous Na,SO, and
the solvent was removed under reduced pressure. The residue was purified by flash
column chromatography on silica gel and eluted with dichloromethane/methanol (5/1)
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to afford 2-methoxy-4-phenylbut-3-en-1-amine (58 mg, 89% yield). Step 4) Boc,O
(131 mg, 0.6 mmol) was added to a solution of 2-methoxy-4-phenylbut-3-en-1-amine
(58 mg, 0.3 mmol) and Et;N (83 uL, 0.6 mmol) in DCM (3 mL). And the resulting
mixture was stirred at room temperature for 3 h. After the reaction completed, water (5
mL) was added and the resulting residue was extracted by DCM (50 mL x 2). The
combined organic layer was dried over anhydrous Na,SO,. After the solvent was
removed under reduced pressure, the crude product was purified by flash column
chromatography on silica gel and eluted with petroleum ether/ethyl acetate (20/1-10/1)
to afford (2-methoxy-4-phenylbut-3-en-1-yl)carbamate 13 (66 mg, 79% yield, 98% ee).

~o

S
mHBoc

13
13: Prepared according to the reaction procedure VII above and obtained as colorless
oil (66 mg, 79% yield, 98% ee), eluent: petroleum ether/ethyl acetate (20:1 to 10:1),
[a]p*® =+3.1 (c = 0.26, CH,Cl,). 'H NMR (500 MHz, DMSO-ds) 6 7.45 (d, J= 7.5 Hz,
2H), 7.33 (t, J=7.5 Hz, 2H), 7.25 (t, J= 7.3 Hz, 1H), 6.84 (t,J = 5.7 Hz, 1H), 6.58 (d,
J=16.0 Hz, 1H), 6.08 (dd, /= 16.0, 7.7 Hz, 1H), 3.78 (q, J= 6.5 Hz, 1H), 3.22 (s, 3H),
3.08 (t, J = 5.9 Hz, 2H), 1.33 (s, 9H) ppm. 13C NMR (126 MHz, DMSO-d;) 6 156.1,
136.8,133.0, 129.0, 128.7, 128.2, 126.9, 81.1, 78.1, 56.3, 44.5, 28.7 ppm. IR (KBr, cm
1): 3355, 2922, 2851, 2388, 1715, 1504, 1464, 1365, 1250, 1166, 1105, 968, 749, 693,
511.HRMS (ESI) calcd for C;sH,3NO3;Na™ (M+Na)*™ 284.1263, found 284.1259. Daicel
Chiralpak AD-H, n-hexane/2-propanol = 98/2, v = 1.0 mL-min-!, A = 254 nm, retention

time: 22.0 min (major) and 20.8 min (minor).
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I) Synthesis of 2-hydroxy-3-ynoic acid esters 15

Sc(OTf)3 (10 mol%)
(S)-1d (5 mol%)

O 3 AMS (10 mg) - OH
/ COR*  j.PrOH (1.0 mL), 50°C, 8 h /\ CO,R?
R? 14 N, R’ 15

General procedure VI: To a 25 mL flask, 2-oxo0-3-ynoates 14 (0.1 mmol), Sc(OTf);
(0.01 mmol, 4.92 mg), (S)-1d (0.005 mmol, 2.90 mg) and 3 A MS (10 mg) were
dissolved in solvent i-PrOH (1 mL) under nitrogen atmosphere at 50 °C. The reaction
mixture was stirred for 8 h. Then, the reaction solution was filtrated, and the
corresponding solution was concentrated under reduced pressure. Purification of
mixture by column chromatography on silica gel (PE/EA =30:1 to 10:1, v/v) gave the

desired products 15.

Sc(OTf)3 (10 mol%)
(S)-1d (5 mol%)
O 3 AMS (10 mg) OH

1/1‘14\C02R2 Al(OiPr)3 (20 mol%) 1/:;COzRZ

i-PrOH (1.0mL), 0°C,122h R
Ny

R

General procedure VII: To a 25 mL flask, 2-oxo-3-ynoates 14 (0.1 mmol), Sc(OTf);
(0.01 mmol, 4.92 mg), (S)-1d (0.005 mmol, 2.90 mg), Al(OiPr); (0.02 mmol, 4.08 mg),
and 3 A MS (10 mg) were dissolved in solvent i-PrOH (1 mL) under nitrogen
atmosphere at 0 °C. The reaction mixture was stirred for 12 h. Then, the reaction
solution was filtrated, and the corresponding solution was concentrated under reduced
pressure. Purification of mixture by column chromatography on silica gel (PE/EA =

30:1 to 10:1, v/v) gave the desired products 15.

OH

©/'\C02iPr

15a

15a: Prepared according to the general procedure VI above and obtained as yellow oil
(20.5 mg, 94% yield, 92% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® = -18.8 (¢ = 0.33, CH,Cl,). '"H NMR (500 MHz, CDCl3) 6 7.44 (d, J = 6.0 Hz,
2H), 7.33 (t, J = 7.9 Hz, 3H), 5.24 — 5.14 (m, 1H), 5.13 (s, 1H), 5.01 (d, J = 7.3 Hz,
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1H), 3.20 (d, J = 7.4 Hz, 1H), 1.34 (s, 3H), 1.33 (s, 3H) ppm. *C NMR (126 MHz,
CDCl) 6 169.9, 131.9, 128.7, 128.3, 121.9, 85.2, 84.4, 71.0, 62.1, 21.7, 21.5 ppm. IR
(KBr, cm™): 3458, 2982, 2931, 2226, 1740, 1599, 1491, 1376, 1270, 1146, 1103, 990,
758, 691, 528. HRMS (ESI) caled for C;3H;403;Na® (M+Na)® 241.0841, found
241.0843. Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL-min-!, A

= 254 nm, retention time: 9.3 min (major) and 8.2 min (minor).

OH

/@/COZIPr
F

15b

15b: Prepared according to the general procedure VI above and obtained as yellow oil
(21.7 mg, 92% yield, 90% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® =-62.2 (¢ = 0.27, CH,Cl,). 'H NMR (500 MHz, CDCl3) 6 7.41 (dd, J= 8.3, 5.6
Hz, 2H), 6.99 (t, J = 8.6 Hz, 2H), 5.22 — 5.11 (m, 1H), 5.00 (d, J= 7.0 Hz, 1H), 3.35
(d, J = 7.2 Hz, 1H), 1.33 (s, 3H), 1.31 (s, 3H) ppm. *C NMR (126 MHz, CDCl;)
169.9, 162.8 (d, 'Jcr = 250.7 Hz), 133.8 (d, 3Jc.r = 8.3 Hz), 118.0 (d, *Jc.r = 3.7 Hz),
115.6 (d, 2Jcr=22.3 Hz), 84.2, 84.1, 71.0, 62.0, 21.6, 21.5 ppm. IR (KBr, cm"): 3471,
2984, 2937, 2229, 1741, 1601, 1507, 1468, 1377, 1271, 1231, 1104, 838, 798, 531.
HRMS (ESI) calcd for C,3H;3FO3;Na™ (M+Na)™ 259.0746, found 259.0759. Daicel
Chiralpak AD-H, n-hexane/2-propanol =90/10, v=1.0 mL-min-!, A =254 nm, retention
time: 9.7 min (major) and 8.0 min (minor).

OH

MeO

15¢

15c¢: Prepared according to the general procedure VII above and obtained as yellow oil
(23.3 mg, 94% yield, 95% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® = -20.8 (¢ = 0.34, CH,Cl,). 'H NMR (500 MHz, CDCl3) & 7.37 (d, J = 8.7 Hz,
2H), 6.83 (d, J = 8.7 Hz, 2H), 5.22 — 5.12 (m, 1H), 5.00 (d, J = 6.9 Hz, 1H), 3.80 (s,
3H), 3.23 (d, J = 7.1 Hz, 1H), 1.33 (s, 3H), 1.32 (s, 3H) ppm. 3C NMR (126 MHz,
CDCl3) 6 170.1,160.0, 133.4,114.0, 113.9, 85.3, 83.2, 70.8, 62.1, 55.3,21.7, 21.5 ppm.
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IR (KBr, cm!): 3467, 2982, 2936, 2840, 2225, 1740, 1606, 1510, 1465, 1291, 1250,
1175, 1105, 1091, 834, 790, 537. HRMS (ESI) caled for C4H;s04Na* (M+Na)*
271.0946, found 271.0957. Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v =

1.0 mL-min’!, A =254 nm, retention time: 16.8 min (major) and 13.7 min (minor).

OH

Ve \©/\COZIPr

15d

15d: Prepared according to the general procedure VII above and obtained as yellow oil
(19.2 mg, 83% yield, 90% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® =-32.3 (c = 1.43, CH,Cl,). '"H NMR (500 MHz, CDCl;) 8 7.27 (d, J = 12.8 Hz,
2H), 7.22 (t, J=17.5 Hz, 1H), 7.17 (d, J= 7.5 Hz, 1H), 5.23 — 5.16 (m, 1H), 5.02 (d, J
=7.4 Hz, 1H), 3.20 (d, /= 7.5 Hz, 1H), 2.34 (s, 3H), 1.36 (s, 3H), 1.35 (s, 3H) ppm.
3C NMR (126 MHz, CDCl;) & 170.0, 138.0, 132.4, 129.7, 129.0, 128.2, 121.8, 85.4,
84.1,70.9, 62.1, 21.7, 21.5, 21.2 ppm. IR (KBr, cm!): 3457, 2983, 2933, 2231, 1740,
1602, 1485, 1275, 1208, 1103, 1022, 786, 691, 589, 442. HRMS (ESI) caled for
Ci4H1c0O3Na™ (M+Na)® 255.0997, found 255.1001. Daicel Chiralpak AD-H, n-
hexane/2-propanol = 90/10, v = 1.0 mL-min-!, A = 254 nm, retention time: 10.5 min
(major) and 8.8 min (minor).

OH

Meo\©/ CO,iPr

15e

15e: Prepared according to the general procedure VII above and obtained as yellow oil
(22.8 mg, 92% yield, 90% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® = -41.5 (c = 0.93, CH,Cl,). '"H NMR (500 MHz, CDCl;) § 7.22 (t, J = 8.0 Hz,
1H), 7.04 (d, J = 7.6 Hz, 1H), 6.97 (s, 1H), 6.89 (dd, J = 8.3, 2.1 Hz, 1H), 5.22 — 5.14
(m, 1H), 5.01 (s, 1H), 3.79 (s, 3H), 3.20 (s, 1H), 1.34 (s, 3H), 1.33 (s, 3H) ppm. 13C
NMR (126 MHz, CDCl;) 8 169.9, 159.3, 129.4, 124.4, 122.9, 116.7, 115.4, 85.1, 84.2,
71.0, 62.0, 55.3, 21.7, 21.5 ppm. IR (KBr, cm™!): 3457, 2982, 2937, 2232, 1740, 1601,
1483, 1287, 1205, 1103, 1045, 786, 687, 584. HRMS (ESI) calcd for C4H;s04Na*
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(M+Na)*" 271.0946, found 271.0961. Daicel Chiralpak AD-H, n-hexane/2-propanol =
90/10, v = 1.0 mL-min’!, A = 254 nm, retention time: 10.6 min (major) and 9.8 min

(minor).

15f

15f: Prepared according to the general procedure VI above and obtained as yellow oil
(22.7 mg, 98% yield, 92% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® = -25.6 (¢ = 0.50, CH,Cl,). '"H NMR (500 MHz, CDCl;) 6 7.39 (dd, J=7.6, 1.5
Hz, 1H), 7.33 —7.27 (m, 1H), 6.91 — 6.83 (m, 2H), 5.23 — 5.13 (m, 1H), 5.06 (d, J=7.6
Hz, 1H), 3.85 (s, 3H), 3.19 (d, /= 7.6 Hz, 1H), 1.34 (d, J = 2.8 Hz, 3H), 1.33 (d, J =
2.8 Hz, 3H) ppm. 3C NMR (126 MHz, CDCls) & 170.0, 160.4, 133.9, 130.3, 120.4,
111.3,110.8, 88.4, 81.7, 70.7, 62.3, 55.7, 21.7, 21.4 ppm. IR (KBr, cm"): 3472, 2982,
2937, 2839, 2230, 1740, 1596, 1493, 1464, 1263, 1146, 1106, 1023, 755, 595. HRMS
(ESI) calcd for C14H;s05;Na™ (M+Na)* 255.0997, found 255.1004. Daicel Chiralpak
AD-H, n-hexane/2-propanol = 90/10, v=1.0 mL-min’!, A = 254 nm, retention time: 8.8
min (major) and 7.9 min (minor).

OH
OMe

4 CO,iPr

159

15g: Prepared according to the general procedure VI above and obtained as yellow oil
(23.5 mg, 95% yield, 92% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® =-34.0 (c = 0.43, CH,Cl,). '"H NMR (500 MHz, CDCl;) 6 7.39 (dd, J=17.5, 1.4
Hz, 1H), 7.32 - 7.27 (m, 1H), 6.91 — 6.84 (m, 2H), 5.21 — 5.14 (m, 1H), 5.06 (d, J= 7.4
Hz, 1H), 3.85 (s, 3H), 3.26 (d, /= 7.6 Hz, 1H), 1.34 (d, /= 2.8 Hz, 3H), 1.32 (d, J =
2.8 Hz, 3H) ppm. 3C NMR (126 MHz, CDCl;) & 170.0, 160.37, 133.8, 130.3, 120.4,
111.2,110.7, 88.5, 81.7, 70.7, 62.3, 55.7, 21.7, 21.5 ppm. IR (KBr, cm™"): 3457, 2982,
2937, 2839, 2230, 1739, 1493, 1262, 1104, 1081, 754, 554. HRMS (ESI) calcd for
Ci4H1O4Na™ (M+Na)™ 271.0946, found 271.0954. Daicel Chiralpak AD-H, n-
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hexane/2-propanol = 90/10, v = 1.0 mL-min!, A = 254 nm, retention time: 13.6 min
(major) and 12.7 min (minor).

OH

O =~ "CO,Pr

15h: Prepared according to the general procedure VI above and obtained as yellow oil

15h

(25.4 mg, 95% yield, 93% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® = -17.0 (¢ = 0.43, CH,Cl,). '"H NMR (500 MHz, CDCl3) 6 8.30 (d, J = 8.2 Hz,
1H), 7.85 (d, J = 8.1 Hz, 2H), 7.69 (d, J= 7.1 Hz, 1H), 7.57 — 7.50 (m, 2H), 7.42 (t, J
=7.7 Hz, 1H), 5.24 (p, /= 6.3 Hz, 1H), 5.18 (d, /= 6.6 Hz, 1H), 3.33 (d, /= 7.0 Hz,
1H), 1.40 (s, 3H), 1.37 (s, 3H) ppm. 3C NMR (126 MHz, CDCl;) 8 170.0, 133.4, 133.1,
130.8,129.4, 128.3, 126.9, 126.5, 126.0, 125.1, 119.5, 89.3,83.4, 71.1,62.3, 21.7, 21.6
ppm. IR (KBr, cm!): 3454, 2981, 2931, 2227, 1740, 1394, 1276, 1211, 1105, 1077,
801, 774, 566, 438. HRMS (ESI) calcd for C;;H;s0O3Na” (M+Na)" 291.0997, found
291.1005. Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL-min-!, A

= 254 nm, retention time: 10.0 min (major) and 9.0 min (minor).

OH

S // CO,iPr

\ |

15i
15q: Prepared according to the general procedure VII above and obtained as yellow oil
(18.4 mg, 82% yield, 84% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® = -10.8 (¢ = 0.67, CH,Cl,). 'H NMR (500 MHz, CDCl3) 6 7.27 (d, J = 5.2 Hz,
1H), 7.23 (d, /= 3.6 Hz, 1H), 6.97 (dd, J=5.1, 3.8 Hz, 1H), 5.17 (p, /= 6.3 Hz, 1H),
5.02 (d, J=17.2 Hz, 1H), 3.24 (d, J = 7.3 Hz, 1H), 1.34 (s, 3H), 1.32 (s, 3H) ppm. 13C
NMR (126 MHz, CDCl;) 6 169.6, 133.0, 127.9, 127.0, 121.8, 100.0, 88.3, 78.7, 71.1,
62.2,21.7,21.5 ppm.IR (KBr, cm): 3421, 2922, 1740, 1694, 1476, 1393, 1066. HRMS
(ESI) calcd for C;{H,03SNa* (M+Na)* 247.0405, found 247.0408. Daicel Chiralpak
AD-H, n-hexane/2-propanol = 90/10, v = 1.0 mL-min"!, X = 254 nm, retention time:

10.4 min (major) and 9.3 min (minor).
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OH
Z CO,iPr
15
15j: Prepared according to the general procedure VI above and obtained as yellow oil
(19.1 mg, 96% yield, 94% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® =-13.7 (c = 0.75, CH,Cl,). '"H NMR (500 MHz, CDCl;) 4 5.18 — 5.10 (m, 1H),
4.75(d,J=7.4 Hz, 1H), 2.95 (d, J= 7.5 Hz, 1H), 1.30 (t, /= 6.1 Hz, 6H), 1.21 (s, 9H)
ppm. BC NMR (126 MHz, CDCl;) 6 170.5,94.3,74.4,70.3, 61.7, 30.6,27.4,21.6,21.4
ppm. IR (KBr, cm™): 3455, 2934, 1740, 1504, 1461, 1356, 1150, 1102, 972, 755, 593,
411. HRMS (ESI) calcd for C;;H303;Na* (M+Na)* 221.1154, found 221.1158. Daicel
Chiralpak AD-H, n-hexane/2-propanol =90/10, v=1.0 mL-min-!, A =254 nm, retention

time: 20.5 min (major) and 19.0 min (minor).

OH

©/COztBU

15k
15k: Prepared according to the general procedure VI above and obtained as yellow oil
(21.3 mg, 92% yield, 86% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® =-19.1 (¢ = 1.05, CH,Cl,). 'H NMR (500 MHz, CDCl;) 4 7.44 (dd, J=17.7, 1.7
Hz, 2H), 7.36 — 7.29 (m, 3H), 4.92 (d, /= 7.3 Hz, 1H), 3.18 (d, /= 7.3 Hz, 1H), 1.55
(s, 9H) ppm. 3C NMR (126 MHz, CDCl;) § 169.5, 131.9, 128.8, 128.3, 122.1, 84.9,
84.8, 84.0, 62.3,27.9 ppm. IR (KBr, cm!): 3445, 2956, 2851, 2488, 1741, 1604, 1464,
1305, 1101, 993, 549, 451. HRMS (ESI) calcd for Ci4H;s03Na* (M+Na)* 242.0919,
found 242.0922. Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v = 1.0

mL-min-!, A = 254 nm, retention time: 9.2 min (major) and 8.0 min (minor).
OH
P o)
Z T D
151

151: Prepared according to the general procedure VI above and obtained as yellow oil

(23.1 mg, 95% yield, 90% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
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[a]p*® = -22.6 (¢ = 1.21, CH,Cl,). 'H NMR (500 MHz, CDCl3) 6 7.43 (d, J = 7.1 Hz,
2H), 7.32 (t, J = 7.6 Hz, 3H), 5.37 — 5.32 (m, 1H), 5.01 (d, /= 6.1 Hz, 1H), 3.25 (d, J
=6.9 Hz, 1H), 1.95 — 1.86 (m, 2H), 1.78 (dd, J=22.1, 10.6 Hz, 4H), 1.63 (s, 2H) ppm.
BCNMR (126 MHz, CDCl3) 8 170.2, 131.9, 128.9, 128.3, 121.9, 85.2, 84.5, 80.1, 62.0,
32.6,32.5,23.6,23.6 ppm. IR (KBr, cm™'): 3466, 2964, 2873, 2227, 1739, 1599, 1491,
1269, 1208, 1084, 1031, 758, 692, 528. HRMS (ESI) calcd for C;sH;c03Na* (M+Na)*
267.0997, found 267.0999. Daicel Chiralpak AD-H, n-hexane/2-propanol = 90/10, v =

1.0 mL-min’!, A =254 nm, retention time: 10.9 min (major) and 9.6 min (minor).

OH

/\COZIPr

Et3Si
15m

15m: Prepared according to the general procedure VI above and obtained as yellow oil
(24.5 mg, 96% yield, 84% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® =-15.6 (c = 1.01, CH,Cl,). '"H NMR (500 MHz, CDCl;) 8 5.20 — 5.08 (m, 1H),
4.79 (s, 1H), 3.07 (s, 1H), 1.30 (t, /= 6.1 Hz, 6H), 0.98 (t,J= 7.9 Hz, 9H), 0.60 (q, J =
7.9 Hz, 6H) ppm. 13C NMR (126 MHz, CDCls) 6 169.9, 101.5, 88.1, 70.8, 62.0, 21.6,
21.4,7.3, 4.1 ppm. IR (KBr, cm): 3453, 2911, 2877, 2838, 1740, 1727, 1672, 1504,
1461, 1249, 1165, 1110, 1021, 839. HRMS (ESI) calcd for C,3H,405SiNa* (M+Na)*
279.1392, found 279.1395. Daicel Chiralpak AS-H, n-hexane/2-propanol = 95/5, v =

0.5 mL-min-!, A =210 nm, retention time: 9.8 min (major) and 8.9 min (minor).
OH

/\COQiPI’

iPr3Si
15n

15n: Prepared according to the general procedure VI above and obtained as yellow oil
(29.2 mg, 98% yield, 82% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® = -15.6 (¢ = 1.01, CH,Cl,). '"H NMR (500 MHz, CDCls) $ 5.14 (d, J = 6.2 Hz,
1H), 4.80 (s, 1H), 3.05 (s, 1H), 1.30 (t, /= 6.9 Hz, 6H), 1.06 (s, 21H) ppm. *C NMR
(126 MHz, CDCl;) 6 169.9, 102.3, 87.0, 70.8, 62.1, 21.7, 21.4, 18.5, 11.1, 1.0 ppm. IR
(KBr, cm™): 3355, 2943, 2865, 1740, 1605, 1512, 1465, 1248, 1175, 1105, 1029, 884.
HRMS (ESI) caled for CiH3003SiNa® (M+Na)* 321.1862, found 321.1864. Daicel
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Chiralpak AS-H, n-hexane/2-propanol = 95/5, v = 0.5 mL-min’!, A = 210 nm, retention
time: 9.1 min (major) and 7.9 min (minor).

OH

150

150: Prepared according to the general procedure VI above and obtained as yellow oil
(21.3 mg, 96% yield, 87% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® =-29.4 (c = 0.93, CH,Cl,). "H NMR (500 MHz, CDCl;) 8 6.17 — 6.12 (m, 1H),
5.19 - 5.09 (m, 1H), 4.88 (s, 1H), 3.03 (s, 1H), 2.09 (d, J = 5.0 Hz, 4H), 1.60 (dd, J =
10.1, 5.3 Hz, 4H), 1.31 (d, /= 6.3 Hz, 6H) ppm. 3C NMR (126 MHz, CDCls) 6 170.2,
136.5, 119.7, 87.1, 81.8, 70.7, 62.0, 29.7, 28.8, 25.6, 22.2, 21.7, 21.5, 21.4 ppm. IR
(KBr, cm): 3455, 2942, 2908, 2862, 2840, 2179, 1740, 1601, 1499, 1249, 1164, 1025,
835, 531. HRMS (ESI) caled for C3H;s03Na" (M+Na)" 245.1154, found 245.1155.
Daicel Chiralpak AD-H, n-hexane/2-propanol = 75/25, v = 1.0 mL-min’!, A = 254 nm,

retention time: 6.7 min (major) and 6.4 min (minor).

15p: Prepared according to the general procedure VI above and obtained as yellow oil
(38.6 mg, 98% yield, 89% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® = -22.9 (¢ = 0.63, CH,Cl,). 'H NMR (500 MHz, CDCl;) 8 7.47 — 7.39 (m, 2H),
7.34 (d, J=8.1 Hz, 1H), 5.24 — 5.15 (m, 1H), 2.96 — 2.89 (m, 2H), 2.52 (dd, J = 19.0,
8.8 Hz, 1H), 2.42 (dd, J=12.7, 3.8 Hz, 1H), 2.36 — 2.30 (m, 1H), 2.20 — 2.12 (m, 1H),
2.09-1.96 (m, 3H), 1.70 — 1.56 (m, 4H), 1.56 — 1.43 (m, 4H), 1.40 (d, /= 6.2 Hz, 6H),
0.92 (s, 3H) ppm. *C NMR (126 MHz, CDCl3) & 170.0, 140.9, 136.6, 132.3, 129.2,
125.3,119.3, 85.3, 83.8, 70.9, 62.1, 50.5, 47.9, 44.5, 37.9, 35.8, 31.6, 29.1, 26.3, 25.6,
21.7,21.6,21.5, 13.8 ppm. IR (KBr, cm™!): 3453, 2931, 2225, 1739, 1459, 1261, 1104,
1008, 822. HRMS (ESI) calcd for C,5H3004Na* (M+Na)" 417.2042, found 417.2044.

S53



Daicel Chiralpak AD-H, n-hexane/2-propanol = 75/25, v = 1.0 mL-min’!, A = 254 nm,

retention time: 9.5 min (major) and 8.1 min (minor).
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J) Synthesis of cis-allyl alcohol 3h

OMe
o Lindlar catalyst (2.0 equiv)
=~ "COgiPr H, (1.0 atm)
EtOH (0.1 M), r.t., 10 h OH
MeO NNCo,Pr
15¢ (95% ee) cis-3h, 85%, 94% ee

Reaction procedure VII: Take starting material (R)-15¢ (49 mg, 0.2 mmol), Lindlar
catalyst (42.5 mg, 0.4 mmol) and ethanol (2 mL) in a round bottom flask, fit with a
balloon fill with H,. Stirring the reaction mixture at room temperature for 10 h. Then,
the reaction solution was filtrated, and the corresponding solution was concentrated
under reduced pressure. Purification of mixture by column chromatography on silica

gel (PE/EA =20:1, v/v) gave the desired products cis-3h.
OMe

OH

NNc0,Pr

cis-3h

cis-3h: Prepared according to the reaction procedure VII above and obtained as yellow
oil (45.0 mg, 85% yield, 94% ee), eluent: petroleum ether/ethyl acetate (30:1 to 10:1),
[a]p*® = -19.3 (¢ = 0.72, CH,Cl,). '"H NMR (500 MHz, CDCl;) & 7.40 (d, J = 8.6 Hz,
2H), 6.90 (d, J=8.6 Hz, 2H), 6.73 (d, /= 11.3 Hz, 1H), 5.52 (dd, J=11.1, 9.7 Hz, 1H),
5.15-5.09 (m, 1H), 4.99 (dd, J = 9.3, 5.0 Hz, 1H), 3.82 (s, 3H), 3.09 (d, /= 5.3 Hz,
1H), 1.31 (d, J = 6.3 Hz, 3H), 1.28 (d, J = 6.3 Hz, 3H) ppm. '3C NMR (126 MHz,
CDCly) 6 172.6, 158.3, 133.1, 129.3, 127.5, 125.0, 112.7, 69.1, 66.5, 54.3, 20.7 ppm.
Daicel Chiralpak AD-H, n-hexane/2-propanol = 75/25, v = 1.0 mL-min’!, A = 254 nm,

retention time: 8.7 min (major) and 6.8 min (minor).
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IV. X-ray Structure

Figure S1. X-ray Structure of Compound 3d (CCDC 2131745)
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V. Computational Data

All of the DFT calculations conducted in this study were carried out using the
Gaussian09 programs. DFT method B3LYP/D3!? with a standard 6-31+G(d) basis set
(LANLOS-f 3 basis set for Sc atoms) was used for the geometry optimizations in
solution phase (solvent = 2-isopropanol) with SMD solvent model. The M06 functional,
proposed by Truhlar et al.,* was used with a 6-311+G(d,p) basis set (LANLOS-f basis
set for Sc atoms) to calculate the single point energies. The solvent effects were taken
into consideration using single point calculations based on the gas-phase stationary
points with a SMD continuum solvation model.’> The energies presented in this paper
are the M06 calculated Gibbs free energies in 2-isopropanol solvent with B3LYP-D3
calculated thermodynamic corrections. Molecular structures were visualized in

CYLview.
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Figure S2. DFT-Computed free-energy profiles on the Sc(OTf); catalyzed-Meerwein-

Ponndorf-Verley reduction of 3,y-unsaturated o-keto ester

TS2-S TS2-R
AAG? = 21.6 kcal mol™” AAG? = 25.6 kcal mol™

Figure S3. Analysis of the enantioinduction model, with optimized structures of

transition states (TS2-S and TS2-R) in the outer-sphere transfer hydrogenation step.
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Table S7. The computed energies of the intermediates and transition states

Entry E ZPE Ecorr Hcorr Gceorr
Sc(O0TH); -2930.862039 0.087273 0.112705 0.113650 0.029191
Sub: 2a -650.587860 0.187697 0.200494 0.201438 0.146367
PA: (R)-1i -1873.711834 0.445651 0.473863 0.474807 0.386344
iPrOH -194.2761094 0.108546 0.11384 0.114784 0.081311
iPrO- -193.7718293 0.093724 0.098676 0.099621 0.06674
TfOH -961.9724966 0.038418 0.046139 0.047083 0.005431
T1O -961.563247 0.026969 0.034202 0.035146 -0.00585
Int1 -3843.036608 0.507149 0.552774 0.553718 0.428103
Int2 -4493.672731 0.697297 0.757284 0.758228 0.599149
Int3 -4687.550851 0.794628 0.861388 0.862332 0.688333
TS1-S -4687.526669 0.790656 0.855851 0.856795 0.68887
TS1-R -4687.518512 0.78933 0.855169 0.856113 0.684478
Int4 -4687.578581 0.794412 0.860932 0.861876 0.689896
TS2-S -4687.522291 0.790755 0.856499 0.857444 0.686337
TS2-R -4687.517585 0.790588 0.855387 0.856331 0.688067
Prod: 3a -651.790105 0.210344 0.223873 0.224817 0.168443
CH;COCH;  -193.081002 0.084253 0.089404 0.090349 0.056779
Int5 -3581.519549 0.27591 0.316245 0.31719 0.196507
TS3 -3775.778127 0.382323 0.428112 0.429056 0.2986
TS4 -3775.760322 0.380476 0.426143 0.427087 0.297893
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Coordinates of the intermediates and transition states:

1) Sc(OTf);
S -2.398184 -1.825304 0.08212
(0] -1.68326 -1.485218 -1.211916
(0] -1.502963 -1.180087 1.130119
C 3.118507 -2.517834 0.261698
S 2.69077 -0.790738 -0.314907
F 3.920538 -2.436142 1.316816
F 1.989638 -3.146566 0.591889
F 3.722517 -3.159423 -0.732061
(0] 1.852738 -0.210952 0.819831
(0] 3.927418 -0.113562 -0.661984
(0] 1.656516 -1.012997 -1.40178
Sc -0.060137 -0.239109 -0.226156
C 0.928436 3.523267 0.543096
S -0.331298 2.571193 -0.461523
F 0.284487 4261542 1.440562
F 1.744277 2.669035 1.152912
F 1.616256 4.299937 -0.287149
(0] -1.011165 1.619454 0.512447
(0] -1.159575 3.550781 -1.143083
(0] 0.490383 1.612421 -1.309385
C -3.951547 -0.779847 0.097941
F -3.644715 0.466838 -0.251134
F -4.454439 -0.798614 1.328192
F -4.822209 -1.293387 -0.763993
(0] -2.807248 -3.202793 0.300439
2) Sub: 2a

C 3.111497 -1.13199 0.00145
C 4.41099 -0.63008 0.002062
C 4.623894 0.750563 0.000552
C 3.530515 1.626203 -0.00167
C 2.232318 1.128122 -0.00222
H 2.944196 -2.20623 0.002566
H 5.255329 -1.31386 0.00366
H 5.63616 1.145736 0.001013
H 3.695525 2.700163 -0.00301
H 1.396497 1.821212 -0.00418
C -1.76893 -0.96908 -0.00037
C -3.10934 -0.19365 -3.4E-05
(0] -1.84989 -2.19425 -0.00115
(0] -4.18465 -0.7576 -0.00077
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-2.94266
-4.1517

-3.8174

-4.74217
-4.74253
2.000073
0.668446
0.638945
-0.52333
-0.5935

-2.589761
-1.18413
-0.558164
-1.305942
-2.724204
-3.340527
-0.700924
-1.505035
-2.90745
-3.488678
0.762929
1.431121
2.849311
3.553113
2.912101
1.50692
0.744143
1.428599
2.83494
3.527376
-0.902082
0.840956
-0.048278
0.644449
-1.006604
-3.706732
3.665472
-3.609119
-4.377909
-5.25296
-5.357311

1.131445
1.926546
2.963879
1.713141
1.711644
-0.26442
-0.8527

-1.94198
-0.20694
0.874023

4.247086
4.25331
3.259342
2.204154
2.17625
3.225774
1.147462
0.104215
0.037073
1.091576
1.10746
2.152608
2.061988
0.935247
-0.108693
0.010255
3.258122
4.238287
4.16798
3.098704
-0.973866
-1.059148
-2.026512
-3.000628
-2.599444
-1.140055
-1.307356
-1.668416
-2.769638
-3.364529
-2.847593
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0.001079
0.001512
0.002422
-0.89359
0.89602

-0.0005

-0.00064
-0.00124
0.000156
0.001192

2.359739
2.189652
1.469072
0.877343
1.087881
1.823961
0.114931
-0.308885
-0.087584
0.589826
-0.17023
-0.894206
-1.08322
-0.590872
0.048902
0.230883
-1.467693
-2.152937
-2.302741
-1.782381
-0.978673
0.857299
-0.087514
-0.958503
1.05598
-0.515243
0.499829
-1.81395
-2.190288
-1.276725
0.016687
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-4.590046
4.591333
5.330951
5.157003
4.238817
3.497513
-3.069541
-0.592005
0.520038
-4.418159
-4.561511
4.629617
-0.33369
0.882827
3.360988
4.604756
-1.51941
-4.294665
-6.030835
6.0376
4.101187
5.730445
4.717114
2.793892
-4.660302
-5.847285
-2.937133

0.000003
0
0.000003
1.270206
2.160329
1.30075
1.315103
-1.270205
-1.300739
-2.160329
-1.315107
-0.000038

-1.744652
-1.913155
-3.022617
-3.544976
-2.949378
-1.841588
5.041909
5.047498
3.275954
3.196984
1.087094
0.891683
3.32385
5.07143
4.952779
3.021968
-3.374743
-3.161998
-3.306337
-3.482449
-3.345665
-4.410954
-1.52131
-1.37979
-1.356915
-4.225734
-1.208366

1.418275
0.03624
0.071608
-0.666977
-0.132788
-0.701377
-1.697372
-0.666979
-0.701405
-0.132779
-1.697366
1.431573
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0.394679
-0.365712
0.045847
1.329436
2.199004
1.789007
2.924301
2.636359
1.359549
1.965184
0.762592
-0.731477
-1.372872
-2.587446
-2.839407
-1.906691
0.754765
-3.200508
0.735995
-0.640216
3.201775
1.649663
-1.371366
2.474121
1.407312
-1.570654
-2.531174

0.022465
-0.37599
-1.472908
0.100357
-0.250907
1.197854
-0.27223
0.100354
1.197851
-0.250891
-0.272255
0.995448
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1.26273
2.166459
1.298654
1.306336
-1.26273
-1.298655
-2.166459
-1.306336

-1.33736
1.011558
-0.852835
1.374541
1.413764
1.534108
-1.275207
-1.24036
-1.232977

0.953031
-0.906445
1.431066
1.430789
1.432079
-1.243478
-1.246035
-1.243046

7.608333
6.799583
5.484214
4.907781
5.716361
7.07455

3.542696

1.432117
0.170358
0.10543
-0.636936
-0.096776
-0.721131
-1.652734
-0.636936
-0.721131
-0.096775
-1.652733

1.967997
0.008433
-0.140144
1.132066
0.03136
-1.042535
1.220075
-0.093527
-1.234586

-0.000154
0.000102
-1.137452
0.105395
1.031458
-1.19233
-0.10967
1.302586

0.090586
1.10903

1.255107
0.387438
-0.66908
-0.78166
0.499777
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0.149343
-0.333913
-1.474319
0.087209
-0.228274
1.18416
-0.337616
0.087209
1.18416
-0.228273
-0.337617

0.061736
0.0043
-0.055936
-0.610944
1.270348
-0.621793
0.697468
-1.460554
0.821704

0.000441
-0.000048
0.535008
-1.251954
0.717627
-0.81562
1.439733
-0.625113

-1.19651
-1.7572
-1.3728
-0.40472
0.132156
-0.27549
0.028704
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3.057622
3.82548

5.153621
2.644619
2.951175
2.048274
0.855611
0.515726
1.445343
4.091087
4.345386
3.476297
2.348552
1.676986
1.097984
0.656272
-0.74407
0.85927

3.226885
-0.78517
2.442038
1.901396
2.132838
2.913169
3.456042
-1.96566
-3.20604
-3.2801

-2.10966
-0.87332
8.645781
7.219583
4.878496
7.679378
5.785503
0.184138
4.763917
5.220601
3.696249
1.661254
1.303481
3.095239
-4.10683
-2.15793

-0.47716
-1.53905
-1.59697
1.601312
2.983649
3.987165
3.603218
2.276743
1.307885
3.40312
4.741895
5.73265
5.360471
-0.44568
-0.05847
-0.87141
-0.54393
-2.37307
-2.55588
1.898846
-2.18478
-3.15646
-4.51286
-4.8913
-3.92051
2.521774
2.18089
1.234223
0.628137
0.951879
-0.00579
1.780148
2.035066
-1.57831
-2.38287
4.379108
2.66122
5.039901
6.783694
6.108959
-2.85347
-5.94325
2.662519
-0.10599
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0.878488
1.421717
1.044145
-0.4287

-0.1806

-0.66519
-1.32679
-1.51536
-1.05277
0.559547
0.76596

0.247777
-0.44739
1.218027
-1.22455
0.075354
0.566109
-0.30827
2.324146
-2.12668
3.429868
4.272016
4.022762
2.927409
2.083744
-1.68062
-2.22923
-3.25704
-3.72293
-3.16086
-1.50434
-2.50132
-1.81969
0.150046
1.44819

-1.68369
0.973328
1.336662
0.41278

-0.83333
5.127739
2.72379

-1.85936
-4.52084
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-4.24153
-1.91517
0.027392
4.047577
1.708513
2.267618
-2.13487
-2.71104
-1.87319
-1.02566
-3.08705
-1.52844
-3.89216
-3.04857
-5.00006
-4.35443
-4.50431
-6.32598
-4.6066

-4.73564
-2.84849
-4.89469
-2.71249
0.011443

-7.628275
-6.825917
-5.597327
-5.105765
-5.901669
-7.172586
-3.830087
-3.391904
-4.153832
-5.410016
-2.96703

-3.409113
-2.520807
-1.214542
-0.751824
-1.672722

0.970182
3.254093
0.471635
-4.2189
-5.26842
-1.13344
-3.01586
-3.1702
-4.23149
-2.27197
-2.44
-3.62721
-4.02556
-1.70109
1.634788
1.951447
0.476272
1.575487
2.623823
0.708296
1.807759
3.226384
-0.14506
-2.90137

-1.567975
-2.732396
-2.785281
-1.67175
-0.479993
-0.465223
-1.674958
-0.491113
0.705396
0.669721
-2.8909
-4.11019
-5.236473
-5.109999
-3.922685
-2.84426
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-3.6888
-0.88033
-3.52899
1.222564
4.678709
3.636873
-3.00919
-1.24275
-3.48232
-3.04321
-3.74032
-0.47871
-1.2337
-0.93994
3.096923
1.373618
3.5309
3.052392
3.890822
0.582854
1.478618
0.931154
0.338542
-0.38264

-2.08449
-2.165165
-1.543019
-0.807679
-0.759236
-1.398618
-0.148652
0.41889
0.486236
-0.092586
-0.088494
0.530856
0.540644
0.006622
-0.529275
-0.571587
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-4.673654
-5.054425
-4.194333
-2.951786
-2.077404
-1.212115
-0.879402
0.411771
-0.951443
-3.644451
0.661328
-2.983344
-2.578544
-2.83113
-3.478272
-3.873805
1.68553
3.024544
3.360788
2.350261
1.010282
-8.597006
-7.180656
-4.992746
-7.770568
-6.042969
-0.551258
-5.34345
-6.023727
-4.5133
-2.271574
-0.294142
-2.075498
-3.666331
3.802967
2.604205
4.40283
1.42879
0.232583
-4.361079
-2.521238
-2.809396

-4.243482
-5.438628
-6.563214
-6.459803
-0.450037
-1.622022
-0.445197
-0.591198
0.817901
1.939983
-3.770958
1.90169
3.081286
4.319834
4.369486
3.190539
-4.209798
-4.087402
-3.525098
-3.084733
-3.201118
-1.545302
-3.59152
-3.681514
0.440944
1.551128
-5.969727
-3.392745
-5.517487
-7.500209
-7.307649
1.516281
3.031291
5.325408
-4.416147
-2.63454
-3.41704
-4.629447
-2.854716
3.238399
5.237573
0.949561
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1.168371
1.739678
1.707407
1.125224
0.95243
-1.125253
-0.106494
0.670686
-1.047335
1.138296
-0.961188
2.380311
3.006072
2.408311
1.171458
0.538173
-0.1042
-0.475931
-1.709714
-2.568307
-2.197136
-2.575752
-2.727885
-1.623757
-1.344192
-0.044447
0.040621
1.213952
2.22424
2.155341
1.113811
-0.800238
3.968049
0.691608
0.205414
-3.522358
-1.993186
0.864697
-2.870208
-0.43168
2.90051
2.870544
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1.749972
1.133225
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2.72652
5.019009
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5.189086
2.057366
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2.43104
5.528134
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6.769049
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-0.890778
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-1.248765
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-1.946794
-0.97539
-2.290905
-2.204816
-2.223515
-2.836567
0.783804
1.054814
2.134869
0.615093
0.57921
0.151486
-0.072282
-0.207727
0.041552

2.519684
3.001976
1.434352
2.160018
0.376731
0.764015
0.918133
-0.943602
0.895283
0.0424
2.228791
0.12993
-1.79613
-0.762455
-1.354078
-1.673709
-3.069935
0.564369
-0.772415
-1.331934
0.390368
5.769113
6.802002
5.899002
7.91456
6.724364
7.014452
5.110253
8.020722
8.704925
7.106318
8.894826
3.265735
2.785143
2.71589
3.536526
1.811691
4.222858
4.840876
4.58244
3.882775
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2.484922
1.089827
2.585306
0.188836
-2.833529
-2.690328
-3.956106
-2.859373
-1.782454
-3.77494
-2.657803
-1.326033
1.171552
2.208321
1.355936
-0.112701
1.548251
1.473343
3.566635
1.975879
0.697078
-0.823869
0.084238
-2.190233
-0.366401
1.130941
-2.631789
-2.885489
-1.72113
0.327402
-3.677466
-2.065515
3.475916
4.831525
4.974728
5.484083
4.965783
0.865164
1.724147
-0.422723
-1.21908
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8.101006
7.468321
6.25173
5.602832
6.225336
7.488651
4.336998
3.73225
4.322492
5.574425
3.65573
4.268706
3.547001
2.233145
1.605208
2.362964
5.54162
6.087915
5.393329
4.14691
2.434033
1.732473
1.221465
-0.01751
1.138794
3.645669
0.179415
2.992902
2.426142
2.504083
3.141095
3.700742
-0.76242
-2.11375
-2.54575
-1.61542
-0.26447
9.063246
7.945022
5.776621
7.955473
6.0796
1.698452

-0.51706
-1.78048
-2.00697
-0.97884
0.311035
0.506432
-1.16656
-0.06125
1.229
1.374944
-2.49365
-3.63715
-4.87661
-4.93756
-3.82881
-2.62866
-3.58848
-4.714
-5.94792
-6.02332
-0.21014
-1.48803
-0.37237
-0.67987
0.885901
2.373041
-3.87583
2.226975
3.330037
4.599084
4.755241
3.651701
-4.45618
-4.50047
-3.96531
-3.39528
-3.34516
-0.35683
-2.57814
-2.97694
1.485859
2.334641
-5.88249
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2.058861
2.157305
1.550608
0.812997
0.747278
1.371919
0.161743
-0.41267
-0.49578
0.074572
0.103156
-0.51629
-0.53721
-0.00958
0.525907
0.576576
-1.14968
-1.72798
-1.70701
-1.12853
-0.94583
1.124287
0.096346
-0.69161
1.050329
-1.16175
0.941195
-2.40019
-3.03952
-2.45796
-1.2248
-0.57957
0.074682
0.417712
1.633465
2.507304
2.164306
2.537483
2.720483
1.643927
1.303999
0.012405
-0.0514
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6.084877
7.059605
5.840804
3.59168
0.390549
1.929477
3.191413
-2.82813
-1.94328
-3.60085
-0.43668
0.447
4.178713
2.063372
2.948619
-1.14962
-0.87482
-1.57052
-1.06021
-3.98619
-2.2375
-4.35701
-4.07394
-4.82223
-1.45452
-2.32599
-1.90943
-5.15785
-3.97587
-6.40608
-4.87209
-5.0909
-4.63943
-3.76302
-2.72106
-2.13654
-4.74479
-4.61103
-4.57329
-5.32393
-4.67995
-3.57835
-6.12257
-6.1969

-2.65168
-4.65207
-6.82774
-6.95802
1.485362
3.19792
5.734016
-4.92723
-2.9646
-3.97545
-4.84544
-2.89045
3.779339
5.457729
1.252672
2.167204
2.754327
1.011087
1.92639
-0.20533
0.377632
0.103908
-1.53028
0.390787
-0.23605
1.845974
-0.238
-2.65815
-2.37644
-2.40344
-1.86094
-3.930064
-1.36735
-3.71224
-1.85264
-0.03227
1.8436
2.214605
3.015269
3.792707
2.667192
3.461982
1.188022
0.343609

S69

-1.18734
-2.21038
-2.16117
-1.12601
0.796626
-3.99712
-0.7568
-0.2784
3.447712
1.889028
-0.886
2.845731
0.387675
-2.95735
-2.8747
-2.48432
-1.10379
-2.56243
-0.17181
3.134911
2.854572
4.382776
2.969817
2.275408
3.936402
2.820223
1.509011
-0.77356
-2.2169
-1.18082
0.262266
-0.36225
-3.05756
-2.7922
-1.53609
-0.58147
-0.91229
-1.9425
0.057497
-0.13135
1.090837
-0.05183
-0.80319
-1.49611
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-6.28337
-6.91661
-3.74867
0.260326
0.5261
0.493008
1.011945
0.353388
0.98226
0.290881
1.243145
1.214648
1.16151
1.625581
-0.88412
-1.07806
-2.12963
-0.78498
-0.44239
-0.447
-0.30498
-0.21175
-0.39032

8.153966
7.56808

6.338252
5.629147
6.204287
7.482607
4.349168
3.687347
4.225334
5.491581
3.708591
4.328493
3.631607
2.330098
1.697263
2.435693
5.582378
6.136103

0.813913
1.9065
0.876356
5.902901
6.90378
6.190971
8.142142
6.705382
7.43319
5.425028
8.408611
8.906222
7.644177
9.380069
2.944606
2.389665
2.125863
3.186353
1.510081
4.094003
4.685117
4.589057
3.915259

-0.351173
-1.637217
-1.894296
-0.875918
0.435737

0.663006

-1.095878
-0.003103
1.310388

1.488991

-2.442902
-3.555375
-4.808744
-4.910035
-3.831424
-2.621057
-3.461421
-4.558186

S70

0.21443

-1.04086
-0.66812
0.656738
-0.31026
2.022196
0.083603
-1.36262
2.409736
2.766126
1.441662
-0.66094
3.459742
1.742585
-3.49766
-4.83165
-4.96395
-5.51283
-4.95318
-0.9446

-1.83905
0.315122
1.152215

1.846945
1.944444
1.378111
0.683539
0.6207
1.202713
0.072706
-0.462724
-0.532801
-0.004163
0.013184
-0.653783
-0.693243
-0.141406
0.446062
0.524533
-1.319388
-1.943939
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5.467929
4.238875
2.380836
1.797866
1.205162
-0.028322
1.031911
3.479588
0.273546
2.783929
2.146212
2.191951
2.874575
3.505912
-0.677399
-2.030522
-2.451853
-1.51096
-0.159394
9.127585
8.091747
5.899696
7913131
5.958218
1.805527
6.105052
7.093141
5.921293
3.70275
0.231567
1.620514
2.899913
-2.754003
-1.832571
-3.507086
-0.355739
0.561344
4.0142
1.693531
2.761472
-1.312243
-1.339636
-1.516752
-1.202593

-5.806795
-5.925038
-0.193544
-1.505542
-0.418377
-0.833222
0.845534
2.447943
-3.908255
2.321012
3.423067
4.670286
4.807322
3.704858
-4.384517
-4.434274
-4.015755
-3.554743
-3.492436
-0.166645
-2.4277989
-2.881557
1.659065
2.468431
-5.85907
-2.512631
-4.461928
-6.663581
-6.870776
1.377958
3.30815
5.767336
-4.778793
-3.210513
-4.02766
-4.688356
-3.113392
3.81492
5.527031
1.364903
2.024084
2.612294
0.810489
1.666687

S71

-1.940779
-1.333108
-0.965254
1.121105
0.106146
-0.64909
1.028236
-1.133148
0.866413
-2.349728
-2.920609
-2.290224
-1.079465
-0.503003
-0.052255
0.285758
1.550759
2.475467
2.135493
2.292643
2.474638
1.469179
1.136568
-0.059232
-0.21076
-1.344079
-2.44948
-2.431643
-1.34386
0.72559
-3.864508
-0.572592
-0.446434
3.452758
1.805547
-1.044728
2.85321
0.450829
-2.735481
-2.861546
-2.39113
-0.981364
-2.511083
-0.087418
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-3.903798
-2.152111
-4.204519
-4.048054
-4.747221
-1.311482
-2.149982
-2.004388
-5.33022
-4.422099
-6.644636
-4.979204
-5.056882
-5.138385
-4.42055
-3.026064
-2.102572
-3.912516
-2.710654
-4.295318
-4.302433
-5.303994
-3.605567
-4.595379
-4.143747
-5.647859
-4.553713
-3.685797
0.21907
0.131657
0.958274
0.783176
-0.451751
1.615406
1.029223
1.533311
0.707064
2.190497
2.044162
-1.123555
-1.1282
-2.107736
-0.927755
-0.345464

-0.367234
0.116205
0.045078
-1.696069
0.204505
-0.549932
1.585924
-0.520743
-2.557909
-2.092402
-2.439495
-1.755374
-3.823157
-0.918147
-3.315406
-1.765283
-0.226776
2.277453
2.793444
3.102666
4.17227
2.802457
2.899761
2.590948
2.016239
2.289693
3.659846
1.000495
5.614906
6.752715
5.7064
7.931748
6.716001
6.886556
4.835684
8.001764
8.801241
6.936183
8.923274
2.856455
2.303952
1.869313
3.153083
1.547856

S72

3.295013
2.890544
4.530897
3.228982
2426172
3.893233
2.86818
1.517533
-0.63381
-2.20754
-0.841552
0.382036
-0.293683
-2.724371
-3.02017
-1.690297
-0.540263
-0.810516
-1.036775
0.401964
0.173458
0.715582
1.226541
-2.129871
-2.943627
-2.046375
-2.357796
-0.574138
0.825064
-0.00317
2.020357
0.345936
-0.918164
2.365325
2.667636
1.527022
-0.30145
3.28594
1.793092
-3.376612
-4.726997
-4.937117
-5.377823
-4.813118



C -0.83499 3.965055 -0.740429
H -0.841976 4.637373 -1.590701
C -0.371951 4.328037 0.474551
H -0.387083 3.583947 1.268822
12) TS1-R
C 2.33405 0.765122 -2.52036
C 2.106533 1.904282 -1.53088
(0] 2.134177 -0.38762 -2.1216
(0] 1.427411 1.486447 -0.49209
C 3.167076 -1.12467 3.815485
S 1.864276 0.171905 3.491014
F 3.615511 -1.00492 5.069143
F 2.646552 -2.34628 3.648543
F 4.190539 -0.96922 2.969188
(0] 0.886626 0.028608 4.578233
(0] 2.590293 1.445144 3.385636
(0] 1.291517 -0.3092 2.163709
C 5.047165 -3.1711 0.617392
S 3.714995 -3.29176 -0.68238
F 6.037414 -4.01531 0.304018
F 5.53896 -1.9304 0.675234
F 4.548491 -3.50446 1.812465
(0] 4.276836 -2.65904 -1.88395
(0] 3.383379 -4.72176 -0.74873
(0] 2.590171 -2.48992 -0.03875
Sc 1.815381 -0.55456 0.136508
C 4.285698 1.281239 -0.25396
H 3.442219 1.817031 -1.09773
C 4.508965 2.476665 0.653347
H 4.942027 3.318859 0.106276
H 5.199849 2.176712 1.451803
H 3.565302 2.77909 1.116969
C 5.415974 0.884573 -1.18937
H 5.10148 0.067402 -1.84483
H 6.25273 0.523614 -0.57731
H 5.759616 1.734173 -1.78634
(0] 3.623676 0.276286 0.288143
C 1.275416 5.647677 -1.52737
C 1.557842 6.19495 -2.79664
C 0.817151 6.507706 -0.5093
C 1.391431 7.556645 -3.02989
H 1.893597 5.55189 -3.605

S73
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0.655712
0.596454
0.941957
1.60799
0.305209
0.81236
2.788098
3.095827
3.738684
3.606017
2.162135
2.016304
2.475069
1.433463
1.038935
-8.49863
-8.23819
-6.99447
-5.94376
-6.19593
-7.49596
-4.63386
-3.65673
-3.86037
-5.14471
-4.27377
-4.93018
-4.49319
-3.39322
-2.71687
-3.20798
-5.96297
-6.56347
-6.1636
-5.1457
-2.34751
-2.5021
-1.48229
-0.265
-1.18672
-2.73027
-1.47322
-1.76829
-0.70925

7.871898
6.094223
8.400403
7.964768
8.520583
9.46269
1.087261
-0.00693
-0.73477
0.466023
-0.4717
3.288958
3.512714
4.231638
3.917842
1.546776
0.297772
-0.28805
0.344832
1.631077
2.19976
-0.22745
0.533711
1.830972
2.337783
-1.569
-2.77928
-4.02608
-4.05343
-2.90423
-1.68113
-2.8061
-3.99241
-5.21596
-5.23018
0.010245
-0.5023
0.025247
-0.83145
1.49606
2.641477
-2.95169
2.116022
2.907693

S74

-0.74444
0.470676
-2.00598
-4.01344
0.053806
-2.19491
-3.69933
-4.61771
-4.12005
-5.4551
-4.93694
-1.98904
-2.946
-1.21486
-0.24949
-0.11868
-0.73373
-0.6373
0.082757
0.666756
0.5614
0.217472
0.837142
1.377799
1.303439
-0.33206
0.079778
-0.48095
-1.37492
-1.73493
-1.20798
1.057647
1.420524
0.830113
-0.09596
0.907376
-1.55761
-0.44249
-0.22506
-0.91151
1.905193
-2.54827
2.787275
3.233314
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-0.589
-1.54353
-2.60208
-0.43153
0.762321
0.931248
-0.10251
-1.29412
-9.48666
-9.02605
-6.81062
-7.67671
-5.35547
-3.05823
-6.27538
-7.34827
-6.65213
-4.81187
-0.2215
0.017586
-1.46338
1.561923
0.017474
1.864652
-0.54981
-2.09261
-3.32539
0.239557
-1.8485

7.946639
7.082837
5.817271
5.348064
6.209271
7.51513

4.041433
3.627297
4.467627
5.749325
3.118506
3.477138

4.234143
4.768461
3.977446
-3.80897
-3.85503
-3.04486
-2.19274
-2.14114
1.991809
-0.2018

-1.23989
3.168686
3.317842
-5.01083
-1.88216
-3.98926
-6.14169
-6.16488
1.721113
2.488834
5.798246
-4.51233
-1.56667
-3.07243
-4.42068
-1.47686
4.390219
4.845665
1.090115

-1.977709
-3.097246
-3.05237

-1.882698
-0.738537
-0.822848
-1.788845
-0.564306
0.581517

0.456432

-2.957013
-4.147403

S75

2.8066
1.937227
1.487884
-2.15658
-2.87908
-4.00437
-4.40557
-3.6813
-0.19759
-1.29089
-1.12253
1.020154
1.722216
-1.7644
1.530035
2.172141
1.121503
-0.5393
-0.73277
3.921797
1.600336
-2.55201
-5.28595
-4.55968
-1.26631
-3.99748
0.790107
3.154273
3.130746

1.795475
1.882437
1.338349
0.678621
0.624268
1.183078
0.093411
-0.407667
-0.488479
0.017788
0.007378
-0.714344
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2.532711
1.254129
0.870435
1.84382
4.709247
5.004833
4.087237
2.874521
2.309055
1.482333
1.132727
-0.149341
1.141896
4.022509
-0.529567
3.306126
2.98129
3.362666
4.069449
4.389389
-1.577445
-2.908544
-3.215313
-2.181543
-0.849214
8.944408
7.420322
5.164611
8.162631
6.433049
0.545333
5.421868
5.950161
4.337362
2.149044
-0.128747
2.442164
4.354879
-3.701268
-2.411145
-4.25053
-1.34526
-0.055678
4.917572

-5.223928
-5.067181
-3.898562
-2.8652
-4.297254
-5.461861
-6.540553
-6.41861
-0.447704
-1.674244
-0.386432
-0.667248
0.859161
1.857442
-3.726422
1.882447
3.095901
4.30543
4.292437
3.080586
-4.088141
-3.952078
-3.45298
-3.09798
-3.223498
-2.030982
-3.998796
-3.914386
0.048605
1.297911
-5.88732
-3.480943
-5.550829
-7.453913
-7.228085
1.866766
3.09594
5.2248
-4.214979
-2.697092
-3.323877
-4.451674
-2.931729
3.082539

S76

-0.775204
-0.18736
0.444308
0.542417
-1.411275
-2.087038
-2.107133
-1.468285
-0.86972
1.192949
0.262591
-0.543576
1.100609
-1.10618
0.910212
-2.317526
-2.92419
-2.335178
-1.131075
-0.519516
0.044664
0.437902
1.705868
2.576347
2.181761
2.222442
2.386646
1.421479
1.124104
-0.050033
-0.261082
-1.421535
-2.615691
-2.640011
-1.494504
0.461155
-3.867029
-0.654046
-0.255316
3.557721
2.005921
-0.952582
2.861555
0.429557
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3.106241
3.024834
-0.774713
-0.882331
-1.173137
-1.015259
-4.055149
-2.257861
-4.268964
-4.406432
-4.813595
-1.504222
-2.061229
-2.227587
-5.723308
-4.605816
-6.958793
-5.296081
-5.755274
-5.075431
-4.702022
-3.232139
-1.989148
-4.525356
-1.861752
-5.871646
-6.286901
-6.532932
-5.832552
-4.267275
-3.428665
-5.165623
-4.029393
-3.63688
1.735388
1.885429
2.603157
2.89339
1.205754
3.616869
2.493113
3.768599
2.995116
4.286888

5.249639
0.950964
2.434636
3.142738
1.265621
2.122144
0.385272
0.625888
0.780287
-0.89836
1.123296
-0.170798
2.080975
0.004881
-1.532719
-1.426512
-1.170769
-0.713718
-2.782424
-0.242431
-2.735253
-1.211855
0.213538
2.171898
3.643453
2.326251
3.317917
1.589655
2.12816
2.787041
2.307264
2.753302
3.847507
1.551243
5.322892
6.533071
5.055335
7.432441
6.772617
5.951458
4.124742
7.142255
8.364099
5.721094

S77

-2.80845
-2.79711
-2.267509
-0.919039
-2.383226
0.067251
3.263625
2.842532
4.523093
3.142244
2441311
3.81715
2.847808
1.45123
-0.572118
-2.076795
-0.933256
0.394153
-0.102194
-2.812316
-2.730414
-1.445644
-0.595859
-1.309665
-0.964951
-0.684916
-0.890843
-1.162461
0.38696
-2.644976
-3.150004
-3.267898
-2.475994
-0.702013
0.957211
0.256385
2.030633
0.60078
-0.556701
2.370268
2.58256
1.653592
0.050001
3.194574
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4.554902
-0.340506
-0.309487
-1.324624
0.094358
0.335929
0.179665
0.450772
0.727517
0.443637

-0.586541
-1.005655
-0.259029
0.910943
1.336591
-1.176294
-1.918901
-0.5888
1.487266
2.234658
2.474786
3.803673
1.507454
3.799437
4.856472
6.127671
6.863611
6.061373
6.338181
2.183845
2.610079
2.78641
4.025674
4.659658
4.012401
4.429789
1.591842
1.284781
0.710383
2.007174
1.184521

7.843924
3.155769
2.534289
2.259715
3.299152
1.654497
4.161492
4.799055
4.315421
3.640105

5.751861
7.01086

8.144893
8.011552
6.753457
4.871688
7.108434
9.128863
8.892661
6.664688
2.479228
1.855299
1.595391
0.660654
2.618039
1.997769
2.794633
1.639957
1.176057
1.155788
2.417308
2.609836
2.60529

1.782087
2.609487
3.559825
3.498409
3.454904
3.331049
4.486181
1.067422

S78

1.91934
-3.259933
-4.580185
-4.874437
-5.240869
-4.553863
-0.61739
-1.453374
0.59567
1.400501

2.135387
2.561945
2.23041
1.472487
1.054423
2.376691
3.142636
2.553127
1.203165
0.449994
0.153813
0.59935
0.192847
0.921361
0.586299
0.964626
0.873186
1.994008
0.278687
-2.547873
-2.450638
-1.121382
-2.930248
-2.592546
-4.028868
-2.583929
-2.692946
-3.745809
-2.068652
-2.481844
-2.492327
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1.926644
5.433961
4.632436
6.701183
5.42081
4.77927
5.333848
4.730549
3.199798
-0.361782
1.409466
-0.838771
-1.106901
-0.372841
1.322063
2.047844
1.939024
0.595604
0.989425
0.215233
2.216046
3.061196
-8.237705
-7.589224
-6.257267
-5.498865
-6.14877
-7.528152
-4.109127
-3.409439
-4.039391
-5.398925
-3.426966
-3.868028
-3.172588
-2.060033
-1.586086
-2.299303
-4.926412
-5.291614
-4.620976
-3.580809
-2.042395
-1.789049

-0.419627
-2.472591
-1.574721
-2.755817
-1.711165
-3.611761
-0.285172
-2.487028
-1.452128
-2.237223
-1.63937
-1.918995
-1.667575
-3.563295
-0.172465
-2.005428
-2.280987
5.601126
4.258484
3.495118
3.875899
4.555526
-0.504811
-1.747344
-1.797078
-0.603517
0.648832
0.667607
-0.605843
0.593405
1.849638
1.84638
-1.870985
-2.6616
-3.879722
-4.264091
-3.477651
-2.278368
-2.264511
-3.043511
-4.260414
-4.665254
0.603505
-1.41545

S79

0.358065
0.00065
-1.421651
-0.317483
1.100527
0.254736
-1.510526
-2.565859
-0.919165
3.039171
2.909148
4.241492
2.096944
2.886725
2.5638
4.168539
1.647581
1.385375
0.963442
1.018395
0.553261
0.503845
-1.756578
-1.550725
-1.19995
-1.038501
-1.280846
-1.628048
-0.673669
-0.707954
-0.940153
-1.19247
-0.278368
0.838022
1.132577
0.343188
-0.688332
-0.964871
1.701003
2.778484
3.05128
2.245302
-0.404374
-1.950102



P -0.947094 -0.157534 -1.351864
(0] 0.078066 -0.721379 -0.353739
(0] -0.443062 0.68122 -2.488483
C -3.322948 3.153995 -0.883867
C -0.345309 -3.83738 -1.418857
C -3.820835 4.164608 -0.042343
C -3.248706 5.437107 -0.03719
C -2.17363 5.723512 -0.881356
C -1.669328 4.725245 -1.718245
C -2.229488 3.444755 -1.715232
C 0.783669 -4.256909 -0.694277
C 1.965072 -4.598013 -1.35352
C 2.035685 -4.531582 -2.747252
C 0.917745 -4.117456 -3.477052
C -0.262847 -3.769377 -2.819883
H -9.289749 -0.482567 -2.027604
H -8.146264 -2.671832 -1.677461
H -5.776183 -2.758248 -1.05824
H -8.007145 1.628425 -1.800241
H -5.905105 2.791423 -1.369691
H -1.549961 -5.193224 0.580966
H -5.442518 -1.328933 1.517913
H -6.098152 -2.716394 3.429252
H -4.921117 -4.864107 3.903484
H -3.043683 -5.587089 2.454446
H -3.640021 6.202326 0.627677
H -0.843671 4.950092 -2.387093
H 2.838338 -4.887719 -0.777041
H 0.963631 -4.06566 -4.561929
H 2.959482 -4.785163 -3.259158
H 0.744432 -4.273393 0.390204
H -1.127239 -3.451318 -3.394148
H -1.836733 2.679959 -2.376698
H -1.725999 6.713467 -0.879996
H -4.660597 3.94544 0.611792
15) TS2-R

C -0.79928 4.817505 -3.32125
C -0.69781 5.99804 -4.05551
C -1.77529 6.431309 -4.83236
C -2.95443 5.675878 -4.87166
C -3.05882 4.497235 -4.13934
H 0.037062 4.483283 -2.7136

S80
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0.220146
-1.70007
-3.79327
-3.98062
-2.931
-4.17299
-1.85006
-4.01983
-5.30618
-6.48278
-7.28234
-6.70324
-6.28409
-1.74776
-2.39011
-2.92402
-3.63691
-4.19978
-3.3307
-4.26544
-1.5384
-0.98506
-0.81315
-2.15626
-0.83023
-1.88114
-4.36274
-3.44984
-5.32436
-4.91856
-3.5121
-4.40541
-2.96916
-2.30283
-1.00539
-2.52653
-0.90326
0.075452
-1.11078
-2.32347
-3.67633
-2.35343
-1.98023
-2.0246

6.578475
7.351875
6.010149
3.924243
0.780291
0.312971
0.603484
-0.07261
0.335815
-0.15684
-0.147
0.519605
-1.16673
-1.94084
-1.24119
-0.21031
-1.93037
-2.35306
-2.7488
-1.23826
-0.4854
-1.22176
0.153616
0.121831
-1.57174
-0.29705
-3.16205
-3.33013
-4.08865
-1.94991
-3.34051
-2.91498
-4.71649
-2.34315
2.071835
1.411316
3.377733
1.444058
1.86122
1.791651
1.974944
-0.08984
4.04844
2.826997

S81

-4.01999
-5.40497
-5.47632
-4.17984
-1.56338
-0.79954
-0.8471
0.365503
-1.4373
-0.71937
-1.45805
0.109022
-0.35825
-2.18123
-3.1218
-2.46744
-3.61818
-2.78301
-4.28383
-4.18413
-4.11273
-4.70985
-3.60045
-4.77814
-1.99828
0.988088
2.253693
0.63635
2.315133
2.358899
3.270688
-0.40017
0.609802
0.845519
4.082173
3.225702
3.838869
3.612754
5.392996
1.778118
3.922839
3.240705
-3.34881
-2.55132
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-1.12052
-3.06007
-4.00816
7.784327
7.720805
6.620553
5.522252
5.566953
6.724976
4.353048
3.303753
3.298357
4.447255
4.203879
5.157196
5.067671
4.033466
3.051999
3.137336
6.174996
7.069306
6.998447
6.014462
2.14465
2.138993
1.155086
0.136453
0.659738
2.05598
2.011955
1.326486
0.101771
-0.41534
0.314445
1.542184
0.638331
-0.30381
0.109619
1.474028
2.417052
8.661984
8.545258
6.588579
6.749693

2.60231
1.969839
2.093966
-1.84106
-0.66715
-0.40794
-1.31056
-2.47459
-2.7202
-1.09045
-1.98019
-3.10821
-3.34439
0.099599
0.386852
1.633472
2.544845
2.237233
0.975259
-0.53015
-0.21722
1.029304
1.931934
-1.71841
0.684763
-0.60817
-0.39336
-0.94442
-3.90355
3.244937
-4.39033
-5.02924
-5.19269
-4.73634
-4.0982
2.960537
3.944373
5.225601
5.519715
4.537863
-2.0366
0.040649
0.502743
-3.61354

S82

-1.98918
-2.42086
-2.93407
-2.7379
-1.94952
-1.16016
-1.11346
-1.95341
-2.74241
-0.30369
-0.42967
-1.29656
-2.02367
0.587818
1.624748
2.32573
1.997326
1.074851
0.418384
2.009132
3.010367
3.679213
3.34439
0.309047
-0.51641
-0.34674
0.78715
-1.72007
-1.47691
0.726187
-0.37931
-0.56837
-1.85723
-2.95793
-2.76942
0.784491
0.479632
0.103017
0.040725
0.352136
-3.34798
-1.96978
-0.5739
-3.36167
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4.491573
3.997405
6.238022
7.833277
7.713604
5.937548
-0.45997
-0.07959
-1.36033
1.806697
-0.62612
0.307543
3.47765

2.087555
-1.38255
1.713674

1.845716
2.861906
1.870169
3.275213
1.864847
2.229876
-1.93229
-2.23414
-2.97716
-3.52986
-1.45187
-4.27515
-2.7642

-4.55803
-3.74019
-5.06445
-5.56772
3.172717
4.045798
5.015552
4.157673
3.591893
0.520699
0.519983
-0.58673

-4.20138
3.502008
-1.4928
-0.93647
1.263916
2.885547
-5.38321
-4.85844
3.705296
6.511405
5.985987
1.975413
4.767377
-3.70646
-5.66751
-4.25352

-2.2847
-0.10887
-0.87508
-0.53079
-2.24198
-0.81218
-0.23637
1.111739
-1.07086
1.5989
1.785493
-0.58291
-2.11451
0.75524
2.642563
-1.2487
1.139517
1.08016
1.920149
1.433995
2.841833
2.125223
-0.19155
0.855997
-0.81325

S83

-2.69059
2.510622
1.513917
3.293133
4.462955
3.861077
0.290097
-3.9637

0.540356
-0.25523
-0.14474
1.083683
0.292395
-3.62389
-1.9984

0.625303

0.575921
0.133565
-0.75068
1.197575
-0.39779
-1.78569
-0.07741
-0.35513
0.361225
-0.2009
-0.69335
0.516023
0.581879
0.235103
-0.42112
0.856015
0.354123
-0.38912
0.404236
0.540488
-0.16708
1.377431
-0.64689
-0.93984
-0.22049
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-0.50581

0.000019
-1.28584
-2.14577
-1.27158

-1.38145

1.285902
1.271915
1.381014
2.145906
-6.4E-05

6.004447
7.382441
8.160099
7.558732
6.18331
5.392003
7.852883
9.23772
8.170962
5.726831
1.748037
0.842331
1.091293
-0.383464
1.399452
0.51413
1.184797
-0.118523
-0.089586
-4.22522
-3.370672
-4.748365
-3.352357
-5.201225
-2.300953
-4.426428
-2.847584

-1.86656

0.180458
-0.61413
0.048089
-1.36977
-1.15489
-0.61404
-1.36842
-1.15641
0.048326
1.404914

1.039199
0.956471
0.33661
-0.201084
-0.129566
1.518295
1.372535
0.272941
-0.674537
-0.543115
0.127242
-0.634234
0.81559
-0.504264
-1.363416
-2.135091
-2.71726
-2.777175
-1.44508
-2.075964
-1.744112
-3.304926
-1.988193
-1.181937
-2.743023
-1.73962
-0.323485

S84

0.043907

-0.00017
-0.00218
-0.13041
-0.79716
0.948773
0.002169
0.798386
-0.9479
0.12918
0.00003

0.888319
1.049469
0.065242
-1.082658
-1.246409
1.647449
1.935248
0.188632
-1.844456
-2.139755
-1.245703
-2.20217
-0.414732
-2.046101
-3.112717
-3.987713
-4.616367
-3.372178
-4.58059
0.616491
-1.003701
0.592127
1.623915
0.802593
-1.107308
-2.02141
-0.742287
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-2.632565
-0.969453
-2.851261
-3.578022
-2.640966
-1.126572
0.02492
-0.901437
1.477268
0.245866
2.320305
2.170304
0.839849
1.033103
-0.470687
-0.624356
5.379998
3.949384
3.450208
3.152224
3.556305
-1.056467

-5.76095
-7.08711
-7.77895
-7.13768
-5.81336
-5.2219
-7.58001
-8.81339
-7.67599
-5.33342
-1.48521
-0.42194
-1.01184
0.620235
-0.67805
0.358655
-0.01083
0.463587
1.295333

4.237901
3.450422
5.1688
3.297586
4.790201
2.70426
4.51326
2.359901
-1.679838
-2.22422
-2.682931
-0.627437
-1.33581
-2.442376
-3.358326
-0.965775
0.491206
0.57915
1.142375
0.002069
-0.612161
0.591683

0.706533
0.772283
-0.4012

-1.64099
-1.70935
1.619385
1.73666

-0.35391
-2.55523
-2.67906
-1.44748
-2.277536
-0.26459
-1.69377
-3.52845
-4.3149

-5.33823
-3.95638
-4.21317

S85

0.368621
0.072117
-0.556845
0.296046
1.580036
-1.231295
0.137155
1.12368
2.364548
1.079474
2.62091
1.913375
3.485712
-0.145947
1.662642
0.998568
-0.257795
-0.356336
0.429825
-1.316014
-2.111682
-0.279644

-1.12599
-1.55024
-1.86118
-1.74326
-1.32296
-0.88409
-1.63767
-2.19078
-1.97852
-1.22979
-0.07593
-0.8037

0.239029
-1.13799
-1.01707
-1.69095
-1.66615
-2.71675
-1.14228
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20) TS-4

-0.41642
-1.44278
-1.50653
-1.11984
-0.12115
-1.14356
-1.86324
-2.82699
-2.91927
-2.9881

-3.59102
-0.68538
0.902599
4.113547
2.921989
4.879565
3.447632
4.886311
1.983156
3.751911
2.286011
0.046864
-0.67786
-0.84936
1.149738
0.351831
-0.96566
-1.81107
0.525334
1.978992
1.576662
1.137155
1.848725
3.231117
0.202847
1.726732
2.495554
-5.09967
-3.70665
-3.30239
-2.87264
-3.17015

-1.47163
-2.2578
-2.13132
-3.72526
-3.93151
-3.99421
-4.32801
-1.78476
-1.82159
-0.75133
-2.42785
-0.5233
0.293015
-2.20674
-2.06209
-3.28625
-2.33568
-1.11803
-3.1806
-2.0217
-0.69763
3.666696
2.216517
4.124325
3.286186
4.631678
1.212899
2.732631
1.831966
3.071449
1.250569
3.717029
3.526754
3.248104
1.16985
0.789103
0.662399
-0.53268
-0.53621
0.428725
-1.59821
-2.60023

S86

2.747961
2.38851
1.067096
2.506596
2.115659
3.571432
1.979121
2.753328
3.846329
2.428787
2311167
2.846843
-0.20302
-0.16779
1.25837
0.017371
-1.3196
-0.22687
1.095841
2.466072
0.981347
2.945442
2.034239
3.822711
3.592814
2.075203
3.083264
1.260336
1.176571
-2.78851
-2.80793
-3.59172
-1.53912
-3.2036
-2.17849
-4.1812
-1.75866
-1.01085
-0.57637
-0.27433
-0.53757
-0.82991
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7.608333
6.799583
5.484214
4.907781
5.716361
7.07455
3.542696
3.057622
3.82548
5.153621
2.644619
2.951175
2.048274
0.855611
0.515726
1.445343
4.091087
4.345386
3.476297
2.348552
1.676986
1.097984
0.656272
-0.74407
0.85927
3.226885
-0.78517
2.442038
1.901396
2.132838
2.913169
3.456042
-1.96566
-3.20604
-3.2801
-2.10966
-0.87332
8.645781
7.219583
4.878496
7.679378
5.785503
0.184138
4.763917

0.090586
1.10903
1.255107
0.387438
-0.66908
-0.78166
0.499777
-0.47716
-1.53905
-1.59697
1.601312
2.983649
3.987165
3.603218
2.276743
1.307885
3.40312
4.741895
5.73265
5.360471
-0.44568
-0.05847
-0.87141
-0.54393
-2.37307
-2.55588
1.898846
-2.18478
-3.15646
-4.51286
-4.8913
-3.92051
2.521774
2.18089
1.234223
0.628137
0.951879
-0.00579
1.780148
2.035066
-1.57831
-2.38287
4.379108
2.66122

S87

-1.19651
-1.7572
-1.3728
-0.40472
0.132156
-0.27549
0.028704
0.878488
1.421717
1.044145
-0.4287
-0.1806
-0.66519
-1.32679
-1.51536
-1.05277
0.559547
0.76596
0.247777
-0.44739
1.218027
-1.22455
0.075354
0.566109
-0.30827
2.324146
-2.12668
3.429868
4.272016
4.022762
2.927409
2.083744
-1.68062
-2.22923
-3.25704
-3.72293
-3.16086
-1.50434
-2.50132
-1.81969
0.150046
1.44819
-1.68369
0.973328
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5.220601
3.696249
1.661254
1.303481
3.095239
-4.10683
-2.15793
-4.24153
-1.91517
0.027392
4.047577
1.708513
2.267618
-2.13487
-2.71104
-1.87319
-1.02566
-3.08705
-1.52844
-3.89216
-3.04857
-5.00006
-4.35443
-4.50431
-6.32598
-4.6066
-4.73564
-2.84849
-4.89469
-2.71249
0.011443

5.039901
6.783694
6.108959
-2.85347
-5.94325
2.662519
-0.10599
0.970182
3.254093
0.471635
-4.2189
-5.26842
-1.13344
-3.01586
-3.1702
-4.23149
-2.27197
-2.44
-3.62721
-4.02556
-1.70109
1.634788
1.951447
0.476272
1.575487
2.623823
0.708296
1.807759
3.226384
-0.14506
-2.90137
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0.41278
-0.83333
5.127739
2.72379
-1.85936
-4.52084
-3.6888
-0.88033
-3.52899
1.222564
4.678709
3.636873
-3.00919
-1.24275
-3.48232
-3.04321
-3.74032
-0.47871
-1.2337
-0.93994
3.096923
1.373618
3.5309
3.052392
3.890822
0.582854
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0.931154
0.338542
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V1. Non-linear Effect

ee Value of the product 3a was found to correlate linearly with ee value of the chiral
phosphoric acid 1d, suggesting that a higher ligand/metal complex is unlikely to be

the catalytically active species (Figure S4).

100

P

50 - y =1.007x + 5.54545

1 R?=0.98077
25 +

[%]

0 -

-25 4

ee 3a

-50 4
-75 4

1004 %

[ ! ! [
-100 -75 -50 -25 0 25 50 F&s) 100
ee_1d [%]

Figure S4. Nonlinear effect in enantioselective Meerwein-Ponndorf-Verley

Reduction of B,y-unsaturated a-ketoester 3a with iPrOH
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VII. Control Experiments

A) Lewis acid catalysis with chiral basic ligands

Scheme 5, entries 1-2 and 4-5: To a 25 mL flask, f,y-unsaturated a-keto ester 2a (0.1
mmol), Sc(OTf); (0.01 mmol, 4.92 mg), Ligands (0.005-0.01 mmol) were dissolved in
solvent -PrOH (1 mL) under nitrogen atmosphere at room temperature. The reaction
mixture was stirred for 20 h. Purification of mixture by column chromatography on
silica gel (PE/EA = 20:1 to 10:1, v/v) gave the desired products 3a.

Scheme 5, entry 3: To a 25 mL flask, f,y-unsaturated a-keto ester 2a (0.1 mmol),
Sc(OTf); (0.01 mmol, 4.92 mg), NO-1 (0.01 mmol, 6.52 mg), Al(OiPr); (0.01 mmol,
2.04 mg), and 3 A MS (25 mg) were dissolved in solvent i-PrOH (1 mL) under nitrogen
atmosphere at room temperature. The reaction mixture was stirred for 20 h. Purification
of mixture by column chromatography on silica gel (PE/EA = 20:1 to 10:1, v/v) gave

the desired products 3a.
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B) Lewis acid catalysis with chiral acid ligand

Table S9. Binary acid ratio effect in reaction activity and enantioselectivity ¢

o) OH

Sc(OTf)z (5 mol%) H
©/\)J\002,pr (R)-1d (x mol%) ©/\/\002ipr
i-PrOH (1.0 mL), r.t., 30 h
2a Na 3a
Entry X (5/x) Yield (%) ? ee (%) ©
1 1 97 98
2 2 97 96
3 4 98 96
4 5 98 98
54 10 98 96
67 20 94 94
74 30 72 62
8¢ 40 53 54
9¢ 50 30 46
10¢ 60 31 24
11¢ 80 trace 22
12¢ 100 NR -

@ Reaction conditions: 2a (0.1 mmol) and Sc(OTf); (5 mol %), (R)-1d (x mol%) in i-PrOH (1.0 mL)
under N, at room temperature for 30 h. ¢ Isolated yield. ¢ Determined by HPLC analysis on a chiral
stationary phase. ¢2a (0.5 mmol) in i-PrOH (5.0 mL). ¢ 2a (1.0 mmol) in i-PrOH (10.0 mL). NR =

No Reaction.
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VIII. NMR Spectrum

91§
Lis
618
076
125
rARS
$7'¢
$T'§
80'Ly
60'LY
1L
E1°L
S
IR
Lz
09'L]
19'¢
19°L
9L
oL
8L'L
sl

——

COziPr

R S |

2b

—10'9

=001

00T
=11l
—=907

S0'1

20 1.5 1.0 05 00 -05 -1

25

§5 &0 T.5 7.0 B5% B0 55 50 45 40 3.5
£1 (ppm]

9.0

9.5

e —

0T'0L \
£120D re9L
£12d0 Om.c__uw
10000 S89L

cLenn

16°ST1 v
Lgell
gu 6l
68 6Cl
0 0gl
Leogl
PP —

LT191 5,
117691 =
1591

Ly sl —

CO,iPr

2b

]

&0

a0 Lh]

130

190 180 170 160 160 148

210

{ppm)

S92



91
HE'L V.

CO,iPr

£1a29TL

L

L o

9L
HEL w.
il
'L
PLL
LL'L

2c

Cl

09

H00°1

JEO1
0z
u,oo_u
H._m_o

0.0

11 (ppmy

b I

BT0L 3
€100 s£°9L
£100D 09°9L W
€120 98°9L

FSOTT "
SRETI N
197621 77
HFTEL %
€07 LET
10°9F1 ~

ficd R 1. B R

Trisl —

COqiPr

Cl

2c

B

&0

a0

a0

190 5:0] 7o 160 Lad

1

S93



9E°1
LE]
OdH £L°T =

L)

T'E
s
IT'E
g

£ 9T°L
0E'L
£E'L
£FL
L¥FL V
mwn$
L
oL *

SLL

.
2d

09

L

a0 1)’ |

CO,iPr

Br

r1 (poml

6T0L
€100 9€°9¢
£10dD 19'9L W
€100 98°9L

79021\
Tesziy
LL6T]

QR 1EL M
el

[

QU9 =

EFT81 —

CO,iPr

2d

Br

|

t1 (ppmd

S94



LEL
ot'lL

Wi W e

21002 9T
[ 3
£FL
UL
LYL
1LE
eLL
18°L
tRL

[

—_—

COLiPr

FaC

2e

2

09

o1

m;c._

0°C

1071 f

11 {pom

BSIT—

LRI —

CO,iPr

FsC

2e

0

S95




1#°1
bl

175
[
rCs
LA
9r's
LTS
8IS

vl
mn_nk

0E°L ¢
e 7

5871
Nw.nuﬂ
SHL

CO,iPr

Me

2f

09

B0t

H0°1

61

01
Yo'z
B0l

r1 (pam)

iy
—_—
o1 o

FO0OL AL
100D 6E9L
£10dD r9L W
100D 68°9L

ET6I1~
18°8T1
FE6Tl
g80g1 "

LB IRl —
PRLPT —

CO,iPr

re' 19l —

CHTHI —

Me

2f

il

60

an 8

a0

=00 190 180 17 160 L

1a

fppm)

S96



or'l
e |

1767
£2'%
TS
97'< 1
TS
ClOAD9T'L
9EL
LELT
Le'Lq

COQ.;PF

Ph

2g

=09

H0°1

0'cC
0T
Fm ['9

Yol

0.0

o

.

[ITARG S

DL0L
120D LL'9L
10U oc.hhw
EIaD I LL

1 {ppm

RUERL=

Pr

i

GO

Ph

2g

a0

i

20

150

160

iva

a0

190

r1 Cpom)

S97



cm._v

LE'l

ERE—

069
769
e
oTL -t
snanvre

mm.hw

Le'L

L'l w_w
6L L

CO,iPr

MeO

2h

09

o1

Yoz
B0l
H:.N
4101

f1 (ppmi

§¥IT—

423 T

SEOLY
100D 98'9L
£12d2 Tl .hhv
£10dD BELL

LEFIL
sesin s
FRGTI
86°081 ~

018kl —
|17T91

€591

ETER] —

COLiPr

1eO

2h

10

20

10

T
1a 100

120

140

150

S98



£10a>

LE'l
e

LI's

9TL Y
0L
1L
£EL
8L S
SLL™
L

e e

-

CO,iPr

2i

- Q' |

0|
1z
0T
860

(ppm)

e

T80 A%
1A 18894
12D h_u_..__..__.w
1000 TE'LL

LEFIL
FOYET1
QTR
(R
0811
1rezl ;_r
EreTl
09 0E]
LY0T
ET9E1
6T9E1
o]
Bt o1 Uv.

9EI9T
66'191 <
CH'E9l s

P61 —

CO,iPr

2i

a0

120

130

140

160

E0

T
a0

ol

11 (p

S99



2€7]
6E' ]

LI’
(Y

TE
1s
(447
roe

LA

e

COqiPr

Cl

*00°9

01

0T
60
2001
60
)0'1

P IC—

SR'OL
£1000 nx.ﬂh/
£123a0 hs.bbw
100D £E°LL

£qIT1

FILTI
I .mm_w
TEOE1 A

8TIE1 7
1°sgl
£R'5€1
QT9r1 —

€€T191 —

68'TRT —

CO3iPr

Cl

10

Lan 130 120 11

T
180

S100



11

rl

LEL
§5°L
95°L
RS'L
FLL
LL

€L
0L
124 O
€L
PeL
o

BLL

Br

COoiPr

2k

09

0’1

MI'T
FO'C
0T

€9 1T —

SR0L
£10dD £8°9L e
£10d0 m:..bbw
100D FELL

ERITI
_:.m.m_w
GELTI
mni_w
L A R
x—.—qm_%
TI9tl
p1opl —

£CTI91 —

PRZRT =

CQOgiPr

Br

2k

10

130

S101



rl
£rl

Ay
£T's
FTs
ars
Los
8BS
6T's

8L

CO,iPr

Me

1L

21

ot

09

00t

0

ke
oz

FZO'1L

19°0L
1A £8°9L
L1 6IFLL W
1000 FELL

TEOTI N
RTOTI
96'8T1
86T Ly
arTEl r
E0°PE]
orserd

[ 3814

L6191 —

LEER] —

COLiPr

Me

2

100

1

180

190

a0

S102



Le'l
BE'l

L8 —

LIS
®l'E
al's
1T
s
ET'S
LG9
L&Y
26'9 1
669
e
al’L
0oL
£ 9TL o
8L
0E'L
1£°L

1£'L ]
ece!
9L,
ogL?

MeQO

CQOsiPr

2m

<09

o'l

JL60
SO0
660

0T
0|

e otnon

I —

SEEe —

89°0L Y
€100 £8°9L
£10do xc.hhv
£10ad FELL

ECEN ~
LI —
€6°0T1
6L 1T1
900El
6ESEN

SISk~
HO'OS | ™~

Z3CIR

ET'ERT —

COq2iPr

MeO

2m

20

i

120

S103



0l
I+l

1%
fras
4y
¥'s
Qs
LTS
8T8
9TL
8L
6L L
0Ly
L
£5°L Y
9L Y
LELY
afL 4r
1
SHL W
£LL
SLL ﬂ.
FT8
LT

Cl

CO,iPr

2n

=09

01

mwx;
60

01
J:c. 1

o0

oa

o

S9'1T—

080LY,
120D T89L
£12ad h:.hhw
100D tELL

1 (poml

ETETI
ETLTI “_.f(
6¥LTl =
6E0E1 7
m_.mﬂu\.
mn_nm_gﬁ
FIFOE |

6LET J

RIS —

TrE8l =

Cl

COLiPr

2n

20

0

T
140 130 120 1o 10
r1 {popml

Lia

160

S104



1€°1
£l

I
wi

&
wiou o

=
™

6L

FE B R s e e e

CO,iPr

Br

20

609

.

== 01

01
'l
M.._wc,_
60
== 60

7.0

60|

1 {ppmy

6L —

EE'ST

- 7
F_..:.W

Q0°TL

TU8II
wm._H_.f
mm.mu_W
SLTTI
00LTI
om.xm_%
TLHTI

(150 §:4 S

08981 —

PISLT—

Br

i

L]

I

CO,iPr
i

.
20

l

Al

L]

il

FE

S105



mm._“v.

6£']

q1'€
0T's
1<
s
'S
§T'S

L

L

PTL

F10UD 9T'L
@]

9E°L
REL
LFL
0g'L
T6'L~
SH'L

5,

uuoo_@

= H0'1

S660
=60

60

Yool

£ Pt

16704

L9
wc.__ubw

LELL

el —

B e8] —

COQIPI'

Cl

Cl

2p

0

a0

200 190

o

(ppet

S106



LEL
6E'1

LIS
61'S
1T’
o's
PT'S

€13a2 9T L
DEL T
rEL
L
CF LY
T L~
N
e i
oF'L 4
HIL
B L

TLL”

CO,Pr

Cl

Cl

2q

00

o'l

Ho'l
heoz
o'z

[

.

POIT =

L&0L \
100D EL9L
120D LO'LL W
100D 6E°LL

r1 {pom

90°TTI
18°LT1
ETi|
607 1E1
TEEEl
BOFEL T
S 5L
107 Sp] —

SE191 —

T8l =

COPr

Cl

Cl

2q

| ”

om0

0

S107



" L=

Ly 2009 |2

[ =
OUH L9~ I )
FNTAY Le
0's | w QLG
ce's - x:.EW. —
£T°4 6ELE F&
§T'5 | =
9T's N
HT°€ i
67’5 1 | =&
E1DAD 9T'L g
THL 1007
ap'L L= LLOTT
sy e 09 ET1
i ==k FO0°| 56'9T1
1oL e LELTL g
ze's CHLT1 ro— [
¥ . 28871
i £6'8T1 - L&
¢ s P IE] —
i o 88 1€1 W s
_ S 33| N =
L
L mw PRPEl o
] |= 6T'8F1 — &
4 © i . ©
n Hc Iy
gl \ - FEO'T - 86191 — \ e == B
ek ™~ =0T o~
8L wele
mﬁhLﬁ NM@ Era
re 4 (0'C .
9%°L . M=
iy 617E81 — —
L6'L 853
108

S108



cm__.v.

BE'IL

H0°L
0re
1L
€L

£1a0 9T L
6e'L
orL
6L
05'L
£6°L A,
6L

10°E

0Er-

¥06'l
Jo60

o0

001

i €17 —
[ ei
L 99'0L Y,
E10AD 494
€100 B.EW
5 €100 6FLL
crall —
99871 A,
B L
e 9 EEL
LLBET
czorl 4
9L 1e1 —
9L'TRT —

GO

1a

T
1820

11 (ppal

S109



q1's
LIS
6l'S
0T's
s
£0E
cTs
1L
S1L
£10AD 9T L
CEL
9L
LEL
LEL
HEL
6f'L
6EL
XL
L9L
LY¥L
Ly L
0%'L
¥EL

=

COsiPr

w

2t

|

I M

0°€
e

oo

01
7o'l
S96°0
60

r1 (pom)

99’1z —

E9 0L
€120 pL9L
€000 aa_t.w.
€100 8E°LL

0z~
FESTI =
orLT Y
Lrigr
LYLET ~
CE IR~

16191 —

EreRl —

COsiPr

2t

T
50

100

i

r1 (ppm)

S110



St
LEl ”V

ri's
ar's
LT'S
6l's
0z's
[
LTS

[
59
[
L8

6L9
cwev
LIVAY
0T LT
cm.ng_.
9L
%_iﬂ

A |

T

o1

yool

60

St

r1 (pomd

N

98 0L

FLOL
c_“_.h.__.w

LELL

TIEIT

.“._.m:v.

QERII

CEEEl—
[
60151 —

L1891 —

HLTR] =

|H|

S111



61°L
£TL
OEL
€L
[
rEL
ST
1874
[
£5°L
reL
1L°L
SLL

2v

00T
Iy
Yoz

760

01
i
Moz

o'l

Cppmd

18'9L
ElLL

ww.._..___.\\

s09HL

e80T —
16971
20621
9 1€1 Hm
90t |

0TEr1 —

9T'T9 —

CEE8] —

2v

-

\ 1\|\|\

10

2o

(ppnd

160

160

S112



6Ll
I+l

o B 4
Fl'e

CO,iPr

.

4a

-~

*To'E

o1

Fzoo

o)

rL (p

GEOLA
SIDA2 £L9L
£10dD ha_hhw
100D 6E'LL

Q8L
PL6T] W

0T 0E
v.m.mm_ﬁ
FEFEL

[398) f S

FE 0

el —

CO,iPr

Ty

4a

g

a0
1 (ppm

1]

S113



FA|
£l

Lre—

[4 i Sl

60'%
1gs
CEs
£ES
FES
9t°s
LE'S

LT°L

CO,iPr

S

4b

09

0t

(L

HOt

== 01

*86'l
wapm gl

0.0

1 (ppmd

S0'TI—

mv.HN“v.

1Lz

€270,

SROL
01 ....L__.W

9ELL

EP6TI
orogl
LOTEL *.
BT

1€0F1 £

orl <
Fls9—
9T 061 —

CO,iPr

~

4b

10

]

&0

il

11a

a0 o) 130

0

180

190

200

11 (ppm

S114



8E1
6€'1
OaH 991 "

0re
01'e

o
wIow W

(=]
MG

-
W W

1A 9T L
LeL
LY'L

6E'L
4.4 N
FL

COQI‘IPF

3

Cl

4c

L.

T
4.0

11 Cppmd

o1

o'v

L¥ 0L
v_.__..c.w./.
ac;_.hw

StLL

G681y
O 1€1~
GTEEl
9LEel
QLEE]
GE' J
0LF9 —
a8l —

COQI‘IPI’

=

Cl

4c

120

r1 {pomy

S115



BE'1
6t

£10A0 9T 'L
FEL
PELT
CELY
9EL A
G9E°L ]
LELA
8€°L ]
Ot'L
OF'L
5L
151
09'L
9L
£9°L

0L

CO,iPr

=

Ph

-

009

01

60
mmc._
MO'T
0°¢

0T

60

N

o

wie—

S,
100D 1L'9L
£12d0 m:..__:_..w

1A £E°LL

QIFTI

_G.GN_M
EXLTT
mﬁ.wm_ﬁ
£8'6L1

LOSE]

el —
81'8r1—
L8191 —
STERT —

CO,iPr

i

0

an EL 70 &0

100
1 (ppm

10

i

140 1

180

oo

S116



ore—

oLy
10°s
s
Fre
£0e
a0'e
LO'S

CO,iPr

d

0t
[I3

keo

foot
Te6'0

Iseo

60
01
il
6'1

mh._mv.

LT

STOL
cm::.....#

QL 9L
mo.hhw

LTLL

BR'TL] —

CO,iPr

!

o

1

20

a0

a0

140

S117



0reE=

COLiPr

3b

L

0t
0

T 80

0071

Ho

o

%ol
v.mc.N
#0T

oo

Hn._m”v.

¥TIT

BLGY9

Sh.chu’m
€100 LT9L
£1DdD £5'9L W
100D 8L9L

Terll
60511
SEFCI
GRFCI
LOLTI
ELLT
S0t
FolEd
96 1tl

e~
86°T91

€Ll —

COLiPr

3b

1l

20

150

{pgml

S118



CO,iPr

Cl

3¢

0'c
(0'E

= H60

Uéo,_
Foo

=0l
=H0'1

—==HO}

SLIT
.u:_l._wv.

HGEOL
1L M

L9
.mc..._.___.W

SELL

$TTI
E.ﬁ_/
ek
o ft
19°CE \
8L

G69'TLT —

CO,iPr

3c

Cl

w

S119



LT
HT1 u_.,.
_m._*

el
OaH 1971 .___\

e—

=]
L ow

"
wi

19
€79
ST9
9T’9
EL9
IR o
FTL
9T’L W
€202 9TL

€L H\.

L

CO,iPr

Br

—

o

a.

0'c
0t

60

001

Eol

o

o'l

=0T

R N W e

PLIT—

9804
SIUIL

OR'9L
S0'LL W

1€°LL

9Tl —

CO,iPr

Br

Ban

Ban

Lig

130

S120



9F L

CO,iPr

3e

F3C

2

Qo

(a2}

foort

oo
fs60

hot
foo'1

0T
Ne1

oo

L 12—

15°0L
sO0°1L
LLGL
_,..o.hhw

BTLL

66’66
HEOTL /
FOETT
[irara
9E' LTI
(-1
ceacl
8671
F8'6T1
G0 0E |
LE0EL

Lietl —

Q8'TLT —

CO,iPr

FsC

3e

i

G0

an

110

L2a

160

S121



LT
«wm._uw
_m._“Nﬁ

CEl
OH £971 L..ﬁ

e
are”

LLY

2]
ol
"
|
1
'y

o1°9
a9
oY
1Ty H_ﬂ
QL9
9L°G
GL9 %
GL™Y
EIL
o P2
102 9T°L
BTL
0eL

oo v

CO,iPr

Me

0'c
ot

90

H6'0

01
01

o1

T0°1

£0T
0T

i

QLT

9I0L

6L 1L .../.,.
1000 LL9L
€100 mn..hbw.
E1000 BTLL

6EPTI
8E9TI1 ~
8T6T1 —

6 1Ll 7
0sEgl 0

cFLLl 4

66°TLI —

CO,iPr

Me

1

40

T
100

Lo

130

Lan

T
160

a

S122



gl
51

SE°T

6T'9
e
££'9
FEQ
€89
06'9
£lLOaD 9T°L
FEL
SEL
HEL
£FL
sl
i
6F L
Le'L
65

By e R S I —————— e
OH
R COgiPr

Ph

o

o't
el

60

0"
Ko

kot

Hol

901

HOprt

Fruc‘v

o0

I1L0g
£L0T

ET6Y

£50L M
£12aD TL°8L
100D £09L W
€100 FE9L

sta0I

1 N

COgJIPF

Ph

|

uul

100

S0]

180

S123



9T

mﬂ._#
ot
[ M_.
OdH 99°1 —

ooen
'

o -

I8¢ —

Fit
mb.dw
L TA 4

60's
s
TI's
£rs

A

Livg
RO9
ora
e

TL'9
mb.t#
£8°9
LE9 W-
A 9TL A

L
S..hw\_.

CO,iPr

MeO

0t
0t

2670

<0t

501
ko'l

ol

#H6°0

661

=0'C

vn__mv.

BLIT

F10L
m,.v._.__..../w.
LL9LY

TO L
PELL L_\

0oFlE—

BEETI
06'LT1
rO6T]
1911

S/

05’651 —

LOELT=

CO,iPr

MeO

3h

I

1

an

0

100

150

160

70

130

190

S124



0zl
1z #
ST
91€
LUE ﬁ
ILF
e
s
voe
S0°¢
LO'%
®0'S
01s
919
09
0c'e
icod
699
]
£L9
£L9
re0
5§89
£8°9
L89G
L9

689

1T°L
£T°L

CO,iPr

3i

0
I'e

60

20Ol
ko1

o1
o'l
.M_ o'l
o'l

Yot

FLIT
SL1T

TroL

LOTIL
C10AD £L9L
E10A0D S0LL W_
EIDAD LELL

TPl #

FRFII
19°221
| >
EO0°LTI 7
T0°0ET
GO0E]
£90E
99°0€1
6ERET
LOSE]

£ 191 ~
LT¥91

PILLI —

CO,iPr

2
3i

a0

G0

1a a0

160 160 Ba0

180

S125



LA
ol’|
el
EEL

£t

LTL
FlO2 90 L
LEL

COqiPr

Cl

6'C
0t

k60

keo
keo

fes0
k60

et
60

¥TIT
wn._mwv

£6'69

hm.?__.M
£12dD 6T'9L
£12d0 *.m..owW
£130AD 08'9L

f\...vm_
_n..cm_ W
G9azl

QLTI

el %«
vm..am_\‘
n_...w.m_\‘

BOLED

e —

COqiPr

Cl

e

i

10

an

an

100

11a

130

160

S126



TE g

8L
100D 9TL
LTL
8L
cel
Ll
[A ]

COaiPr

3k

Br

I

=09

60

o1
01

6°0
#R6°0

0’1
wm:._
260
%60

.o

.0

£TTIT—

oo.o.o
HE'OL M
100D £C9L
£100a0 REHL W
100D €892

LTI
[ |
£L9T
£6°8T1
aEacl
I#°6Cl
Iy
96°LEl —

Orgil =

COaiPr

Br

3k

a0

0

S127



sECT

mmu .m v

FLE

oLt
s0°s
ors
e
s
sI's
91’5
q's
179
(14
&0
9Te
9L9
LL'g
089
189
Livd
q0°L
6L
6l°L
6l'L
1TL
[y
FTL
€120 9TL

0'€
(V3

3 00°E

-= =80

U o1
kes0

CO,iPr

== 701

Ho
460

Me
)
=2
o

Tz

61T
mh._ww.

BLIT

ol1'0L

OF 1L W
£100aD 9L79L
100D B0°LL W
DD OF'LL

|
XAN_W
IP°LTI A
05871

9L8TI
el ;\\

£TOL1 ‘n

91"8El

£6°TL1 —

COLiPr

Me

140

160

170

180

S128



60°E
e

LT

69
_u.__..vw.
FA

£19
<19
Lo
619
2979
0]
£L9
€LY
scaf
[SACE
39 1
$R'G
SRY Y
06°9 5
6’9

rI°L
o1l
AL

-

CQOqiPr

MeO

3m

ﬁ.@.ﬂ
0°¢

60

=0t

H00'1
oot

Ho'l

7107
0l
01

H,c_._

0.

PLIT
LLTT

PSS —

-~
£12AD rL9L W

6T 0L
LTIL ./_,

120D 90°LL
£1000 LELL

[N | \
[T | A
ERTIEl

ELLEN
sLLE] u_.

08651 =

QRTLL—

CQOqiPr

MeQO

3m

L

L

a0

&

T
G0

T

1o

130

140

164

T
156

LT

S129



£€T'9
nm.ﬂ_
9791
SI°L
91L]
Lrey
2L
61'L
0T'L |
oL
€100 9TL T
6L
€LY
FELY

—

SELT
BL
B L
ob'L
0&°L

0t
0t

foot

Fool
Foo'1

w0
=60

660 [~

0.a

6T°0L

hm._hM
£ £8°9L
£12do o_.nnW
100D 9ELL

FRGTI
Q0°LTI
FTRTI
TL7HEI
£6°8TI N
PLGT]
9LEel
Terel

YLl —

|

T
180

S130



Fa
133
£t
9t

9f'E
LE

Ll

LE
L3 By
[
a1
Ll
Gl
0T'<
9
tTo
59
99
71

£
v

4
1
Ll
0T
BT
[T
I
(B
s

Ly

-

oo

2l

~ =

L S S S

!
| T o A

i

=N
|
=

o
~
Q
O

kot

Ol

o'l

mxc.m
¥l
#£ 0’|

ufm_m_.c

{pan)

9.1~

TE0L

ow._hM
1000 FR9L
120D 60°LL W
1A £E7LL

SRETI
LTLTI
o LTIl
HEHTI
#6TI

SROE]

66 TEl \
neoe]

68" TLT —

E
o

Br

COyiPr

30

l|

150

[F.]

140

180

S131



-

-
M

1

1T~

0t
90t

Tm.o

001
Kol

ol

Mot
'l
0T

a

0LIT
c.__.._mv

SE0OL

8 _._h)/r
£10a2 9L79L
lDAD TOLL W
ElDAD LTLL

33_
LEHTI J/F
OF 8T
E6°EET A,
SEPEN
9FFEl ...ﬂ‘

9PTLI T

S132



le sTIT— T B
81 5
o'l # 0'¢ !
€1 A
el 7 ik e
OaH <91 — F
90°0L 3
ww.:hM. e — F
| £12aD 979L
4 b Y < H60 guau_nshw .
. £10UD 9L9L ’
!
LL'P P
BLF Exd L=
605 -
0r’s
Tls F =
£rs
FI's . ko1 SESTI a -
9 K~ o Fo TI'LTl = -
€@o ﬂnu,. ~=, L) | 08°LTI O S pe—
¥T'O ) 68 HT1 = T O e &
9T'Y T jum 00°0€1 O s
LY O . TIIen .
1291 pT Tl E
L9 \. o | = 16°5€1 .\ om.
LYY o < Lz
.v._....m._r I ._.|NO_ 4
6lL
al'L | [ L&
ON____..F == H)0']
1T°L Y . i v -
€100 9T°L of b ko Sy £y O " M=
1
i...ff o @] #H6°0 rotd
Ot'L W ¥R6°0 L2
at'L gl -
g M0l

S133



sl
et f

£t

vTE—
S8
98+
AN
€1
(AN
9151
L5
EI |
9¢'9
Leaq
6E9
09 |
L6790
oL
£10UD 9T'L
gy |
SFL
ShL
9bL
Y
1L
ey
oF'L -
om.n%
09°L
9Lt
8LL
08°L
15°L

—

10t
0t

de

660
60

Fo

0’1
¥eo'cT
501
heop

a

0L
m._u.:.M

08'9L
mo.nhw.

1€°LL

19°€T1
009t
BO9TI
SEGTI
LROTI
R8O'LTIT
LOHTI
BTETI
BOTEL
SI'tEl
reEel
FLEEL

et

TOTLL —

Qi

CO,iPr

3r

|

L]

100

1a

120

S134



LT
BT
0E’l
1E71

0Tt

re'e
6
96'9
LE'9
269
66’9
LI'L
#lL
£10a39T°L

0'¢
-0°€

60

01

01

60

ez
=60

| i ¥
LAY

18769

SHOL un
1202 0L
£lDdD wm,.c.__.w
100D 18°9L

rorel
15+T1 W

- [ |
i 68’5z “

cHaLl

i eLOvl —

LreLr=

I
o

COszr

|l

140

0

20

&0

an

100

160

S135



10

P.“m_. rel

&0

.mm.oh./.
e I [ R e
i A [s80 £L°9L

mo.hhw

99t & 9E'LL

90°s 1 86°0

120

_,naufr o[ 86'CTI W

66°S SUSTI
009 ) I+'5TI ]

£0'0 ! P1OTI uw 2
9 L1'9TI i
149

Lo I = L= LE'REL— — L

CO4iPr
CO4iPr

Lan

Q- ety R T

. 16TLE = —

1Tl =

S136



LTl
871
0e'l
I£°1

£10a0 9L

PLL
mn_._..w

StL

I
O

COLiPr

j 0¢
0t

L Fego

60

01

oz
%60
60

——=%96"0

-0,

0.0

0.5

35 3.0

1 (ppm})

4.0

5

6,0

6.5

7.0

+ =
=

& ey
"\'/

0L
FROL

LL9L
mc.hbw.

ROLL

G066

QEEOL
SEILI

b 4

tRell—
LOFTI —

A )

LOEST =

SLTLT—

COLiPr

an

B0

10

130

FE]

150

180

S137



651 .
09l
1971
601 &

0

141 [V 7 s r
Ll : wie
PLALS = 99'0¢ <
£L1) 908
L1 ;

S0 oTr- I
Loy ITT'¥

L B | =

mﬁ._.; f.cm-i 2
981
981
L8
Ll LE69
88l | = £10a0 mx.vwW E— =

o

1

el £10aD S1'§L
681
06'l
sTE
Chaty
9Lt
iy
8Lt
8P
6LF

M
R.WW —190'1 | .
W
#

—=H60 E1DC0D OF L T
B 1FLL

El

10

120

6T's
079
1779
£C9
]
8L9
1879
PTL
STL
9TL : L
6TL . 01

IeL e }00C
MNM 0z~ LTUTLT — ]
9EL
8€°L

i)

LTS
— 60 Gh”mﬁn J.r F
TLFTT ~ ——————
’ 09Tl 3 — .
Co'9z71 Ed
(@]

BT'S
8IS

L6'BT] .\ B
@n_vf .__‘. O

0]

I
o1t

3v

2

\ = 660

L0

e

S138



__.ﬂ.umv

BTE

b3 v

9%y
(A
05
05
L0°S
R0'E
al'e
ore

FAS
SIL
LT°L
®I'L
0nTL
oL
9Tl
LTL
LTS

S0'E
g

0

=60

]

& H0'|

CO,iPr

—H01

5a

S

60

o'l

el —

wc._mv.

FLIT

0104~
6L
SOLE W

OELL

98°9T1
91°8T1 M
00621

£9°621 LUW

S9PLl
SLEd ;\.

FEELT —

CO,iPr

S5a

=3

L

Lva

T
Laa

e}

S139



67’1
€T
Pl Mﬂ

5t

ag'l =
opT =

wm.mv

6E'E

g —

al'L
_M.ﬁ.ur.
'L

nﬂ_nw

0E'L

CO,iPr

=
5b

0'¢

HO'I

001

o1

860

186°¢

[T

LPEL N

61°1¢
wm._mW

LT

EOOL
089L
QOLL W

TE"LL

X oor —

L8°8T1
6 8T
6561~
98 cel
E.vm_w

19°9¢1

IFELT —

CO,iPr

=

5b

HJ

gt

S140



7.35

oS e =] — S Dt o -] T+ oo
o oel e L=} L e R i B ~ B | = =T =] o oen S
Ll -] viow vl owl o e w o of el opr - B
Ry 1 A N | 2~

Cl
5S¢

10.96] =—
3.004

=
[ B ag!

T T T T T T T T T T T T T T

7.0 ; 5a o A ) Lo . 2o La Lo oo o
[

- =N -

— A = R A £y b= = < = — o

) v el S8 S e W — =2

-~ R N S B | 00O — ~

- e e - B~ =~ = ol -

| |

:
\
ﬁ
{

Cl
5¢

T T T T T T T T T
100 a0 an 70 =) 1) a0 0 20 o o

T T T T T T
180 170 1060 160 ra 130 120 1o
£ (g

S141



L'l
6Ll
OE'L

el
OdH S.Hk..

<
T
FlI'e
&
<

x|
o

FR'C T
SRS
LS
BE'G
099
199
£0'0 4
9L
BL'G
6L'G
{82
+TL
£1000 9T L
0t L
FEE
£E'L
6E'L

|

I+L-

COuiPr

=

Ph

e
0'g

60

=60

0071

Ho'0

HG61
Mol
560
w61

,_.m_u,m

1L 1T
SL 1T

0Z0L
6l 1L M

9L9L
_c.hhw

LTLL

9p9z1
FOLTI
9L LTI
[9°RTI %
LT6TI
0€TEL
S9EC]
26'0¢1

[RTLL—

COwiPr

e

Ph

|

i

an

T
100

110

S142



OAc

CO,iPr

R

Foorr
60
Foo1
60

5 5

T
6l

186l
oF'oT ar
LE 0T

BE'RY
QI'ZL ﬂ..y
E1aD FEEL
DA 6LEL W.

120D s0°9L

aL'ell
LE'ETT
9TLT]
LT

GLEELTF
BFFEL k__:

e

86991~
06'891 <"

OAc

CO,iPr

B

1

I

a0

E:

110

T

120

T
Lan

160

S143



DEl
1£°1
1£°1
(A |
6’1
61
c6'l
c6'l
96°1
L6l
861
§6°1
661 1
6611
e
10°E
e
1

i
=

T

P S T

e N R e e R e R N S R e ]

L

%

WA RA

|

*+0°9

500'1
5ol

e
FLO

=01

0071

#10°€
6]

.n._“._ﬂv

(L e

(U8
SI9E —

IETEN
PrETI
9£'821

FEIFL—

LiPL

-]

Lo

1a

160

S144



FI'LY
srL
CINE
LTLT
1L
L
£TLY
£TL 1
ST'L Y
LTLA
6T°L
6TL

L& L
FEWL

TE'L

NHBn

CngPr

Bn

10

=09
oz

rw.n...o_
1'c

071

ol
ol

T:. I

H__N:.m
0e

ot

=
=
LE'TE
95 PE
OSWA 60'8E
OSWd s1'68
OSWA TEeE
OSWA oF'6f
OSNA 968
OSSN T8'6E
DSINA 66'6E
LBOS —

BE6E =

LELY =

£LSTI
F9OTI
66 LTI
80'8T1
FUSTI
LTRTI
GTOFL
STt

vl —

NHBn

COQ."-PF

Bn

10

o

S145



113}
53]
(|
FEI
OaH #9°1 —

6¥°¢
_w._w/
It

FF

hk
-
Lol e
——

=

~

wi

5
p——

oy
~
ford
e

OCHs
CO,

11

.ﬁc.m
0t

*00°1

Ro1

Fot

Fo
01
i
0T

i, 0

Cppent

ELIT
IR'1T

LTLE =

9689 =
10D 6L'9L
EIAD #LL W.
ElA 08 LL

£ 18

SRETI
thm_W
BUSCI —F
zoser 4
nfi_w
80951

E10LT —

3

OCH
CO,iPr

=X

Ph

11

o

a0

a0

100

Lo

170

130

it

L8

(gt

S146



(rT— — tooi
e -
[SE S
99°¢ 3
ot = 1I°9%—
HOE

69°€ J

oL f06°TH: 00'59 —
L€ Hoz) :
Le e 0L=:

ELE & 100D BT'9L W

H'E 10D F59L
£6'€ .. CIDOD 6L9L
£6'¢ pozR Y
FoE
S6'E
96°€

LO'9

600

E.QW H3
£9 O
_n.o.;_r O
0E'L

€L

9g°L

8EL

T:”_ ! cE'eTl
- 80'9T1
i gy ] | LSLTI
.m mm._ : P6LTI w
6L L el g S1'8T1
L 6l aw.mm_ﬂ\ﬂ
SHL u 99'¢E]
9L _

Ph” " "CH,OH
12

S147

OCH;
Ph” ""CH,OH
12

1 1En




1330 B

OSWa 05T —

S0t
20°¢ W
60

e

J

Tt
oan vee !

ALt
L't
6Lt
08t

e
Los
60’9
als
as'e
65’9
£8'9
RS
§R'G
¥T'L
STL
9TL
TE'L
£E'L \.

el

stL

NHBoc

13

=

806

0T
o€

K01

60

=001
080

01
ho,m

=00'c

QURL —

OSKWd L6t
OSIWA £9°68

(854 S8 EVE
OSW LE'6E
OSWAa £1'0r
OSWa 0g'0F
OSKWA L¥

Nw,..v.wb\
GT9S

Q0'8L =
s —

1691
h._.mH._M

L9'8T]
!

el

el a\\

SL9EL

Trest —

NHBoc

13

Y

!

an

130

Cppent

S148



6LE] “v.

16E°1

1srs
£al's
QLrs
HEL'S
0os
EIT'S
9TS

1A 08T L
68EL
0r'L
oTr'L
L8l
s
LISL
LeoL
£CO°L

CO,iPr

14a

=

\ ==

6T
6'c

koot

L6
860

Y61

r1 {ppm)

9L —

0L 1L
£10dD T8'9L B
1002 wc.hhw
100 £ LL

6lLB =

18'L6—

SU6IT—

6L'BTI ™
OR'1El ~
sLeer

18851 —

FO0OLT —

CO.iPr

\

=

14a

16

1 110 150 120 L0 1 ) B il a0
£l {ppm)

164}

S149



ELEL v

SHEl

Erl'E
bel's
HUl's
8's
£6l's
GuT's
] o

R0L

mE.nW
0TlL

EI202 08TL

GEYL
1oL
LEo L

B0 L

<

CO,iPr

14b

|

6'C

6'C

ot

o'l

o'l

r1 (ppmd

6T T

WTLIL N
EIDAD TOL9L
£10an ovo.hnw
E1DaD 10€°LL

CRILE —

Fo9o6 —

BIESI1
Sreell
6TE9T1
BOS 9T &.

aEISE]
TIT9el

QLLEEL
BGEEOT
6L9591 T
L1 R

CQO.iPr

14b

\

==

100

L

1t

120

140

150

180

a0

1 (ppmd

S150



cLe’l
FRE] V.

or8'E —

REI'S
osr's
£y
SLI'S
BEI'S
00T’

LoR9
c16'9 W
10U 09T =~
16572
BO9°L

CO,Pr

14c

MeQ

6L
6°CT

6T

ko't

oLl

Lo'l

g

£l ippm)

QeI —

06eF' S8 —

FLFLL /
E1DAD 66L9L
ElDaD sl W
100D 80C°LL

LBLLR —
HEson —

ILg ol —
109°F11 —

GEOT9EL —

CH T
reozel <
LON 691 ~

CO,iPr

o

14c

\

=

MeO

10

B

E

L1g

T
L2

L0

r1 Cppmd

S151



SRETT
26E']

6EEL —

S
Lars
081's
wl's
SOT'S
LITS
QETS

E1AD 09T°L
LLTL
[T
LOE'L

e
QStL
LatL

CO,iPr

&

Me

14d

N

.ﬂm‘.m
0t

=0t

ot

766" [
*96°1

Bt

r1 (ppm)

SE9IL 1]
100D S6L 9L
E12A0D 6F0°LL W
EIDAD E0ETLL

BIOLE —

ERTRG ~
R6666

SLERIL=

OLYBTL N
FEO 0L~
ISLTEL -7
1Tel %
690" 8L ]

LORES] —

GEOLL —

CO,iPr

Me

14d

—

Bl

160

o

1

180

r1 {ppm)

S152



o0

- gee | —

SRETY, - Jget

2651 6Tkh:

- 6TF s —
& T0LILY
€100 98L 9L
€10a0 aq:.ﬁw
1A $6TLL
SIgE— ————=ghT
0ER9R —
= 16—
691°s
181
OIS :
-,
g foot LEGLITA,
617°c ; SOLRITZ
TS £90°071
9zeozl
PO'L & = £88621 7
GrO°L £
0L m .
co0L
Lo0L < m

Hmw W 960
T e =
ShT'L .Muﬁo 0 LTREST A,

85TL ﬁm.o ) Lirest Y
€120 0974 3670~
L6T'L e
£00°0L1
res 2
8TEL = 3

1 ippmd

S153

1o

Lz

COLiPr

14e

13l

160

Lia

MeO



BOET]
0171

SO —

081°S
oel's
coTE
LITS
0ET’S
|3

TITL
LTTL
Tyl
08T°L
SOT°L
FoLL
60F L
STFL
S09°L
0ToL

OiPr

Me

14f

-

6'C
6'C

H6'C

01

ot
Yoo

Jm.m,:

an

3

v_c._h../.
1A £1879L
[Anle] nwo.nnw
E10AD 1TELL

SLO'lG —

CEILG—

SOORI—
0Frezl

Dot 6Tl #
06’ e~
£9EPEl —

ECYErl —

coLwsl —

606691 —

OyiPr

Me

14f

Bt

194

1]

£l fppm)

S154



LLE'T
GRE'] “v.

B6E —

Brls
ere
LIS
98I1°S
8ol1°S
1cs
£
a9
BT69
roy
LSO'9
CL69
1A 09T°L

trEL ./

Lrrl

_cv.._.l o)
SLFL

bBLF L

FE57L

Leg'l

695°L

TLEL

A

.o

6°C

6’y

*216°'CL

o1

OTt

#8670
860

£l Cppmd

6Fe Es —

GOF 1LY
10D SIRSL
120D 690°LL W
E1DAD £TELL

varle —
LOFS6—

TZFROL ~
FAIV RN

teLoTl —

FOL'EET ~
£5L5E1 7

[
BOCTOI —

oeevl —

O,iPr

OMe

149

w

T
1z2u

10

190

T
i

=

1 {ppmi

S155



RSPl
0LE’l

£VTS
S
LST'S
0LTS
Z8T'S
el
LOE'S 1
LIES 1
61ES 1
09TL
18F°L
961 L
TIsL
69¢°L 1
PREL ]
665°L 1
9+9°L 1
799°L §
909°L 1
68%°L 1
S06°L
9Z6'L |
0v6L 4
LOO'S
£TO'%
tor's

0818 >

O,iPr

14h

26T
0t

H0'1

= IB9° 1T —

= TOLIL A%
£12dD SI189L

u. E12AD 690°LL W

1A PTELL

5 FLI'TH =
TS890 —

B0

GOL91 —
TETETl
oL ST
= OLILTL F
: LLORTI \
9CO"RTI
teRTEl
180°EE ]
taltel
LT |

LEL'RET —

PELROL —

O,iPr

14h

(4]

aa

G0

Elt

1o

Rl

1 (ppm)

S156



LLig']
081
S8ET]
GHE]
Leg'l

Tors
601°L
BIL
1A 09T L
19L

j

'

CO,iPr

0t

6'C

o't

50|
kel

B0

r1 (ppmd

Feslc —

OFLIL A
E1AD COF9L
1A §E0LL W
ElDAD 60 LL

68026,
e’

aloall =

g1z 4
LILEEl ~
PSSUREL A,

0SL8S 1 —

98691 —

CO,iPr

120

140

L8

S157



851

9TEl
n—._.mgw
OdH 0T9'1 /

Lo s
oLirs
s
sel’s
Lr1's
0ers
TLl'S

1A 09TL—

QqiPr

14

i

=il

6'8
0°E
96°T

o0

£l (ppm)

(1] B3 i
6ETRT
LIL6T~

SRETLL ,.r
1A 09L 9L
A PLOLL W
E1DaD 89TLL .x.

TOEEL

FOT 001 —

TEERCI —

PO OLL —

OqiPr

14j

T
110 10

Cppmd

S158



0681 —

£10AD 09T°L
LREL
or'L
BirL
18F°L
Bot'L
EI15°L
6Tl
SHoL

CO,Bu

14k

06’8

61
%660

me.é

an

76

FOLLT —

€12UD 180°LL

€130 SRTLL
LT6TE ;
95T L8 4

DA RLLOL W.
COLLe =

cTE6ll —

QULBTI N,
S99 1€l ~
Teter <

L1 e

TLEOLL =

CO,tBu

14k

T
1

L34

1 {ppmd

S159



ol

rrEE
OsE's
QELS
9tc
LOE°C
rLES

1A 08T°L

o

AN

141

——

MOT
HO'v

861

o1

[EN]

B0

1 {ppmd

{BET =

FOWTE —

IO ESVLL
10D L0 LL
£E9°08
61T'LY

jateate ] m.?__..cwW

v

PEL Le=—

181611 —

108°8T 1~
O6L1E1 ~
rerger <

0s06sl —

OZ00LL =

A

141

11 0% H0

T
120

160

f1 {ppmd

S160



94970 -5 2
L0 [
SIL 0 -5
81407 ) B
16001 i
vﬁ.c..f. [ s g
S0l Ye6s e B
e | S
ol #RE°C . i1 o il
nwo___ﬁ B i ] [
60T
ere ] -
el [*
95€71 -
6EET] = .4
695 1L &
3 10U FPSL 9L s
Fi £10aD oS.EW —
ozl'e & FIAD €9 LL
6T1°S -5
HET'S -5
IF1s =
0s1° s _
el ~= v60 8857101 ~ — i
co1's L~ 1sor — N
995 [
SLI'S | =
BLI'S ; ¢
E10UD DIT L — B "
a &
o )
. 10W8S] — = L2
o £ o g
-— - -
N\ 6v9°691 — W ] E
Q__.uo ..Shu -2
i E, 4

S161



: 08601 ="
= GOFHT
oLl 1ES [T~
oLl )8°0F
91l / 961
£51°1 ;llllhnw 5
Nv,r:_% R6'T-
PeEl 5
= 61514
) €100 PSL'9L
L2 euouMSHhW
£10UD €9T°LL
w.m._”r. FOSTO ~
LFLE o . -
091°s o ¢ 61L7F01
- .
ZLI'S 960
cRIC -
L61°S
€100 09T°L = i -
_N_u L
o ERT8S1 —
Q 5
o 3
\ - 8L5°691 —
73] =
KL
a

1 dppmd

S162

T
1zo

1o

OziF'r

14n

T
180

iPr3Si

T
190




el
opel
€8Sl
6571
10971
091
TR
9191
879°1
ceol
8ol
169 1
0991
9971 .__r
0091 A
s/
080T
8817
617
07T

D60s
£01°S
a1y
BTIS
Irls
£51°8

6199
£T99
9E99
neEY9
rEe9
1A 09T°L —

CO,iPr

140

6C
6T
“e6'¢

Re't

o1

e

.0

£l (pp

91607
ccm__mw
901
:.q.cu..\a
LO6'LT

18€°1L
€120 ¥8L'9L
€130 MS_KW
€100 T6T'LL

SR =

09001 =

Q06811 —

OF6’Crl —

Glres] —

CLFOLL =

COzf Pr

W

140

T
D

T
el
1 {ppm)

T
Lao

T
(L0 10 1

0

1o

S163



el
S8 1
LS71 9
851 1
GET
19°7
191 4
L9l
£ ]
+9°1
L6
8671
00'T
#0°Z |
p0rz ]
mc.N._
h:.N_
1’
91z
81'T
€£°7
FE'C
0¥
[ § e
6t'T
152
€5z
55T
06'C
16°C
o6l
6T
6l's

:
0T's
_m_m._

6'C
96'C
o'C
6't
L6l
6T
96°0
60
6’0
6'0
6’1

hot

#6670
961

oo

0L

1 (e

66LET—
TLEIT Y
POF'ST
60197~
Go.mmm
1S 1€

oLLse
FELLE

a%.ﬁ.u..
GrRLE

szs0s .

009° 1L~
E1DAD TEL'9L
£13a0 hg.hhv
€1DAD 19T°LL

LITLE=

SELR6 =

OnES T —

enszl Y
OLITIEL —
65EFEL
coe el
LUV 4 o I

FlOesl —

L6691 —

14p

—

T T
100

T
L

0

o L4

a0

a0

110

120

o

160

o

L0

1 {ppm}

S164



zis'iT
= 699'1T
TEEL o'C .
SPE’l 6Tk
OQH L29'1
Le0'E9 —
161°€ M £R6'0L
907°¢ /e €120 L9¢9E
€126 NS.RW
€100 SLT'LL
5 SEP'F8
g 6158
SO00°% z5
0E0°S s
SPIS )
BSI'S . m_mo 0 -
0LT'S I
£81°s 60/ .
5616 =
80z's 656 ITI ~
OzTS i O0ERTT ./..
958871 —
SLEIEL
€100 097°L a =
ToT'L ma L
L6T'L o =
oIgL O .
STEL & © IM&Q <],
TreL o 0 %61 |
LEEL
LEF'L // 5 TE6'691 —
6L

i

Ll

a0

S165

1an

1o

FEn] 130

CO,iPr

OH
15a

180




SIETl
LTETL

6EE°¢
£CEE v.

la6¥
SO0s
rls
[ 4984
LS
6L1S
6ls

rin'9
1669
HOO'L
1A 09T°L
968°L A
LOFL
ZIrL
£TP L

OH

CO,iPr

\

=

15b

10°¢€
6'C

hoot

¥86°0
Bo60

50671
2061

El

T
o

1 {ppm}

gor' 1T
PEQ'IT

LOD'TY —
Lo
EIDO0 TORSL ./.
£120d0 cwc.hmw
E1DA201E°LL
[N ]
1£T'8

EILSI
EO0FHLI
CEOHELL

LOBEET
SLREE] v.

LOS 191 —
LoLeor Y
£68°691 —

OH

CO,Pr

\

P

15b

an

100

JSU]

T
120

1 (ppmd

S166



0zTE'|
CEET]
OdH 0Ll =

[y
LETE

66LE —

6861
£00°¢
Er1e
SEI°8
89S
[1E
£61°c
s0Ts

BIR9®
SERY
E1AD 09T°L
£9E°L
08€°L

OH

0021’ Pr

15¢

MeQ

J

6'C
6'C

Foo't

6T

FLOEOD

5860

o'l

o'l

1 (ppmd

LOS'IT
19912

6T EE—
LTI'T9—
SER'0LY,
100D 98L'9L
£10a0 c%_hhw
10U S6T°LL
6F1ER
_nﬂ.nm\

SEe el
GEOCL

6RELET —

L1021 —

G001 =

OH

COzf Pr

W

15¢

MeO

i

1o

T
Lz

160

e

180

Ll

S167



160
£9E71
OdH €591

oreT —

LelE
cITE

SHYE
6TS
0a1°c
LIS
S8IS
861G
(1] S
LTTS

8SI°L
ELIL
10T°L
9TL
1€T°L
09T°L
100D O8T°L
SHTL

L

- —

COEIIF'T

OH
15d
i

Me

6'C
6'C

66'T

501

860
660

6’0
60
61

o,a

[

Il (ppnd

@IT
oﬁm_ﬁmv
£99'1T

BLOTOG—

TTE0LN,
EIOUD 0LL 9L
£12an VHA.._HNW
EIDAD RLTLL

16078 ~

9ge'sy <

6PLIT]
HEIETI
GEO'ET] ™~
FELBTI Hﬂ
ITFTEL
sooeel <

7967691 —

OH

0021’ Pr

Me

15d

T
80

T
a0

Lzo ny a0
1 {pomd

a0

1660

ma

180

S168



0Tl
£re’l
OOH 291 =

61—

l6L°E —

SHOE
Erls
59
LOTE
08178
6178
SOT°S
LITS

FRE'9
BEEQ
106°9
SO6'9
OL6™9
60l
0L
1OTL
LITL
EET’L
100D 09T L

OH

0021" Pr

MeO

15e

6'C

OTH:

hol

a'T

6670

860

60
6001

HMN L2

a

7.0

r1 (ppmd

SISTIT
999" 1T

ERTES —
REQTH —

T 1L hY
€190 pLL9L
€100 ms.hw
€100 T8T'LL

e vE =

corsg s

6TF STl ~
L9l 4
BOG'TTI =~
06EFTL 4
PRE BT

BST6S1 —

6887691 —

OH

—
4
iy
a
o
Q
(&)
B
-
\
]

MeO

Lo

Lo

1a4

12

a0

£l {ppm)

S169



LTt
TEE'|
GEE]

SFETI .\

OH T69'1

8L
wﬁ:.mv
PR —

8H0°S
£90s
FeIs
Lore
GLLE
OIS
rOT'S

Iese
8989
ELRS
oHE9
069
£1DAD 09T°L
I8T°L
SETL
[T
FIEL
LIEL
£8E°L
GREL
BOL°L
1O¥"L

OH

0,iPr

W

Me

15f

6'CT

6T

01

*66'C

61

L.mo.o

601

T.o

1 fppm)

e ic
159°1T

PILEE—
CRTTH —

FTLOL ~
10610 PSL9L
QUQUQSEWW
€150 09T'LLy

TLOI 8

otres —

SLLOLT ™,
seziir 4

CoL0Tl —

ToT 0Ll —
oFR el —

LIFoe] —

£96°69 1 =

OH
CO,iPr

Me

15f

(i}

0

1o

120

130

140

160

E

1 (ppm)

S170



|
BT
FEET]
oFel
OdH lel’'l =

S8TE V

ILTE

os§e—

BP0°S
£o0s
orl’s
s
PLI'S
LRIE
6o1's

R0
5989
0LE9
CEEY
ane's

09T°L
GLTL
CRTL
S6TL
[i] s
[ RO
6LEL
TREL
roL'L
LOEL

OH
COszr
159
)

W

OMe

6'C

6'CF.

H0'1

R6'C

61

JL6'0

260

i.0

1 ippm)

Pt
659°(T

6IL'Ss =

ELT' IO —

QELOL ™~
1000 S8L9L
jabe ate] _.:é.hhw
EIAD FOTLL

S99 IR
8FP88

LELOTT ™,
0611117
PLEDTI —

RIE0EL —~
TPl —

PLEO9] —

0L6 621 —

OH
COzf Pr

W

OMe

15g

T
20

0

T T T T T
120 110 o a0 a0
r1 {ppm}

1

T
o

T
140

S171



OaH

€120 09T°L

£LE"]
(%10 | W-
Set’l L_‘.

£EDl

FLeL
REEE

BLI'S
l61°s
FOT'S
LITS
QET'S
ri's
CET'C
L9T'S

SOp°L |
Bl Ly
CEFL
F0S°L o
GIE LA
955°L ]
preL ]
gees
1L )
189°L ﬁ
SR L
6E8L
SER'L
8878
FOEH

2

OH

COzf Pr

15h

6'C
6'C

60

60
6’0

860
061
01

61
ﬁmm.o

a

[

Lo

r1 {oom)

FosT1T
TEL'IZ

6TT9—

0T 1L~
E10AD FLL'9L
£1odn amﬁ_.hhw
£loan _mm.h:_u\.

SIt'Es

TEE6E

BESGIT
PTIET
OEOET]
GEF 9T
ceRaLl
LOERTI <
Treell
STROL
PROCET
OReCEl

LTOoLl —

OH

COEI Pr

15h

l

T
il

a0

tlel

Eld
r1 {ppmd

1an

Laa

140

o

17

190

S172



OdH

brA M|
9tt’l
169l =

EETE
RPTE V.

600°s
FZO's
orls
)
[FANY
(2183
Sal's
LOT'E

BE6'D
9969
6969
L6
1€T°L
BET'L
09T L
0LTL
08T'L

OH

COEII Pr

6
96T

60

#3670
"66'0

JR6°0
6’0
6’0

16+' 1T
ch.HHW

9IL’IT

BLUTO

STIIL
€10aD 18L9L
£1oao amo.hhw
EIDAD §8T°LL 7

FPEOEL

POIRE —
966’66 =
TRLITT ~
SO 9T N,

088'LT1 7
FLETED Y

Pro°691 —

OH
Cng Pr

1a

L

aa

[

£l

1o 130 Lao o

ol

T
L0 v

T
Lon ele]

11 (ppm)

S173



BOT1 /

LBT1
il ] W
el

OdH Zes"1 ;.ﬁ

9r6’T
196°C

S1DaD 09TL =

OH

O,iPr

15j

868
M6'S

670

60
0L

1 (ppm)

6et T
PN
RpELT
rIoog <"

SL 19—

FIL0OL

LEE'FL ../
EI2AD sFL9L
€122 m.m__m..o._mw
ElAD TETLL

BLTTH —

69F°0L] —

O,iPr

OH
15j

10

20

a0

a0
f1 dppmd

T
Lo

Lo 3]

160

v

S174



SLI'E
GRLE

slef
OE6F

09T°L
€A T6TL
LOT L
G0E°L
STEL
6TEL
HEEL
LEVL
LEFL
(s
CEPL

CO.iBu

OH

\\

=

15k

h

*B6'8

5001

60

66T
*66°1

BGE'LT—

QELTH—

€102 110°LL

€120 99T LL
HE6E] N
HPLtE
CT6'TS

£10d> hnn_whw

L R
FRTITL
PSLBT]
6PRIE] —

697691 —

OH

COQFBU

15k

Lan

1 (ppm)

S175



€971
SELT1
SOL1
BEL]
1T8°1
6LB]
L6871
£06°1
916’1
16’1

rt’s
9ETE v.

100°8
els
g
LPES

1A 09T L
T L
S0E°L
1TEL
LEEL
orEL
9TrL
OFtF 'L

OH

151

\

461
6'€
6'1

Foo't

60
0670

#;|BO'T
61

rl (pend

BO5'ET
cmw_mmw
EBL'ET
S TE
LED'TE

TEO'T9 —

£10AD FHO'LL
EIDAD 66T°LL 7
OELT'0%

L TR M

CRI'ER

1D 1649 W

EPOTITT
TIL8T
mvm_wnﬁw
TOR'HTI
esel /

cerroLl—

OH

W

150

|

130

|

B

Il

FE]

Lan L0

160

S176



69E70
BREOD
OO0
87070
BSO0
xho.cw
B66°0
.1 |
ROT'1
F1€71
OCH 12971

£LOE—

6L
___.m/
LTI
Trl's
§C1°S
€LI°S

09T°L —

COLiPr

OH

Et,Si

15m

Yes
296'8
566'S

k6o

960
001

r1 dppm)

FTlF~
el

98t 1T
EF9IT

LTO'TY —

ELLOLA
1A 60L9L
C1an mna.hhw
CIAD £PELL

FLI'8E =

Tre 101 —

1987691 —

OH

COLiPr

Et,Si

15m

1

e
fl {pem)

100

o

120

T
pUH

S177



£90°1 \
ERTI
96l W
0LEl
OdH 56571 &

i
101°s
F11°s
ra
oLls
151°¢
ors
QLTS

£10AD 09T°L —

OH

CO,iPr

iPrySi

15n

L6048
™96

Foo

=66
=00

B ALEN S
. 9LOTI~
s 50581
o It 1T
- 099°1T
| = 08079 ~
DL 0L
. €202 ¥5L'9L
€100 aa._:.w

C1AD TOTLL

g 9L6'98 —

-.m FIETOT—
. GLOGS =

OH

CO,Pr

=

iPesSi

15n

1o

[} 10 n

6o

a0

rl {ppm!

1o

L2 1

g 160 160 Lan 130

180

180

S178



) TLEIT B
$OE'l 3 LT
oLt 959°17 | 2
29571 SR, =
s L 779574 t -
765l FO8'ST
$09'1 ecl: 69967
1z ..,mm.m LOL'6T -2
SEXl A
PROTY, HLOERS
960°C &
S£0'79 — = B
ze0e — {heof-
EOL'0L " -— =
£1000 90L°9L
: £13a0 vm:hw
! €102 _qm.ﬁk - [
=3 FOL 1S ]
2 orreg &
—“Re60|- [~
|01 | =
. 699611 = = -8
960} 2
i risos] — =5 u
£ 09TL — & SR &
L L
o) o
T o & -+ &) | =
0 l.h.. o
: O
// osIaLl — W = E

r1 {pomd

S179



60
oLl
0l

1] il
[
152
€57
062
162
il
6L
6T
61cH

091 #

191 4

ami
175
£10AD 0T L ]
e
seL
1L
L]

oy

15p

6T

¢
6°€
- 6t
6T

670
860
6°0

60
Jx_m. [
- 50670

260
MEM._

[

10 o o

o

o

1 (ppnd

oI8'E]
phodsal
LT e
T99' 1T
GESTET ~
im.anuﬁw
or0'6z I/
Les1e
Bm.nf\
TEGLE
Hm._«.w‘w““__w‘.
DIa" Lt
91505

L01ge—
POROL
£103 FIL'9L
£12a0 mE.RW
€100 £LTLL
678°€8
ooe'ss

LoTel1 "
TPESTI~
HRIGTT ~
1EE€TEL —
0E99ET ~
RO6'0F] ~

6967601 —

15p

a0
r1

100

110

160

o

Lu0

(ppmd

S180



TLT1
SRT1
TOE"T

£1el
OaH OMw.._.\.

080°¢
[&0°E Uv

orss f
LIl
GBELS
L3591
F06'9 1
€100 0972 ]
964 1
il

OMe

OH

COLiPr

3h

cis-

6'C
6Tl

260

*66°C

ROl |

%60

o1 [

2960
61
96’1

FoL0T —

LETFE —

AFF'99

£l _.m.oM
100D 9LL'SL
£10d0 _mc__w__uw.
€120 §RT9L

FTLTIL—

1L6'FTI A,
OFF LTI ~
162617
erreer

097881 —

109 zen —

OMe

OH

CO.iPr

3h

cis-

I

N

i)

a0

T
B 14 120 $L]

T
160

180

T
180

rl (pem)

S181



IX. HPLC Data

OH
N .
©/\/\Cozlpr
3a
Chiral HPLC spectrum of racemic 3a
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“Peak Results>
. Chl 254nm
Index| Time/min Area | Areat | Wi ghit | Hixight%
1 o, 023 1457142 | 449, 229 116710 1 D, B
2 Lk, 606 10327 0,771 941 0. B}
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Chiral HPLC spectrum of racemic 3b

(1]
S+
£
y s
254
Ll T T L ¥
4 9 10 11 12 13
min
‘Peak Results>
 Chl 254nm
[ e | Time/nin Aria | Area% | Harighe | Hidghts
1| 9 350 465181 49. 692 | 38531 | 55. 615
2 1. 5910 AT 20, 308 30751 44. 385
Chiral HPLC spectrum of chiral (S)-3b
=V
1000+
750+ .
00
2504
o 1 1 L 1
] 9 {i] 11 12 13
min
<Peak Results>
Chl 254nm
Index| Time/min | Ares | Area% | Height | Heights
1] o, 276 | WHI0EE | av. 616 | TEI46 | a7, 905
2 11, 809 235035 2, 384 16296 2 095
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Chiral HPLC spectrum of racemic 3¢

L

MM}

10, fe2

min

<Peak Results>
Chl 254nm

Index | Time/min Area | Areat | Height | Height%
1] 10.762] 1979703 |  50.472| 13887 |  58.892
F 15, 187 1942652 49, 528 94142 11. 104
Chiral HPLC spectrum of chiral (S)-3¢
m¥
2000
1500+
E’,
1000+ =
500+
(F T T T T T |H
9 10 1 12 13 14 15 16
min

<Peak Results>
| Chl 254nm

Imadex | Time/min Areas | Areah | Hedghe | Heights
] 10620 13084016 | 97.732 | 892906 | QR D20
2z 14. 957 303603 2. 268 IB0ES (]
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Chiral HPLC spectrum of racemic 3d

mY
75
?:_,.
-3
iy
751
9 10 1l 12 13 14 5 15 17
min
‘Peak Hesults>
. [Chl 254nm
Index | Time/min Area | Area% . Height | Heights
1] 10,823 707918 | 50,230 | B850 | 5%.629
Z 15. 373 TO1L446 49, 770 4T 11. 337

Chiral HPLC spectrum of chiral (S)-3d

mY
750+ ¥
=4
50+
250
o T T T T T l__'.-"_ T -
9 10 11 12 13 14 15 16 17
min
<Peak Results>
o Chl 254nm
Index | Time/'min Aroa | Area% | B i ghit | Height%
1| 10,746 9322537 | 96. 136 | G4 1806 97. 121
2 15. 236 AT 3. B6d 19027 2.879
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Chiral HPLC spectrum of racemic 3e
mY¥
757
5
504 " E
254
b 1 N - 1 - L
12.5 150 17.5
(Peak Results>
e hl Z54nm
Index | Time/min Area Area% | Height | Height%
1] 12,907 | 910622 | 49,744 | 50062 | 55.307
- 19, 080 HE0000 50, 256 40455 44, 693
Chiral HPLC spectrum of chiral (S)-3e
m¥
S0
4+
¥
3
0 -
3
Tz 15.0 7.5 20.0 ]
min
¢Peak Results>
R Chl 254nm
Index | Time min Area Area% Height He i ght'%
1| 13.89% 5196963 | 95, 017 | 300833 | 95,912
2] 19,063 288257 | . 983 | 12821 | 4, 088
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Chiral HPLC spectrum of racemic 3f

m¥
75
3
| = o
50+ e
25+
c T T T L] T T L]
2.0 8.5 10,0 10,5 11.0 1.5 12.0 12. 5 13.0
min
‘Peak Results>
oo Chl 254nm
Index | Time/min Aren | Aread Height | Height%
1| 9.892 G98919 | 49.853 53672 | 53.916
2 12. 110 TO3042 50, 147 45875 46, 084

Chiral HPLC spectrum of chiral (S)-3f

Y
lZﬁl'J"
100 &
750
500
250
h o
] =
0 ) ] 1 ) T T - ¥
9.0 9.5 10. 0 10. 5 11.0 1.5 12.0 12.5 13.0
min
“Peak Results>
- Chl 254nm
Index | Time/min Area | Area% | Height Hed ght%
1| 9.825 13565170 |  99.120 | 1045216  99. 241
2| 12016 120431 | 0. B8O | T995 0, 755
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Chiral HPLC spectrum of racemic 3g

mY
T
50
25 '; =
] .
# Ar T L I/\ T
12 13 14 15 16 17 18
min
<Peak Results>
— Chl 254nm
Index | Time/ min Aren Area’ Height Height%
1| 12971 300491 50. 254 | 17150 55. 808
') 16, 354 297456 49, T46 | 35810 44. 192
Chiral HPLC spectrum of chiral (S)-3g
mY
300
250
200 .
1 &
150 &
1004
504 L
1 ]
ﬂ 1 1 I‘ 1 I‘_
12 13 14 15 1151 17 18
min
{Peak Results>
oo L Ch] 254nm
Index| Time/min Area | Aroa’ | Height | Height%
1] 12 947 2E95250 4E, OBE | 151367 | o8, 433
2 16, 327 52603 1914 2410 1. 567
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Chiral HPLC spectrum of racemic 3h

m
75
50H -
25
( T T T T T T
13 14 15 16 17 18 1% 20
min
Peak Results>
e Chil 254Nm
Index| Time/min Area | Area’s | Height | Height%
1] 14.193 538481 | 50,135 | 52402 | 54,055
2 17.778 933438 149, BBS 43025 15, 045
Chiral HPLC spectrum of chiral (S)-3h
¥
150
125 H
100
75
501
25 =
! 1 1 L) 1 - L
13 14 15 16 17 1% 1% 0
I!I n
| Area | Area% | Height | Height%
1] 14,051 1907943 | 99, 452 | 109022 | 99, h24
2 17.519 10516 0. 548 522 0. 476
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Chiral HPLC spectrum of racemic 3i

eV

s

9071

S

‘Peak Results>

R Chl 254nm

Index | Time/min Aren | Area% | Height | MNeights
1] 7.915 | 159387 | 50. 044 | 14350 | 5l 603
2 8.071 159107 19. 956 13459 A8, 397

Chiral HPLC spectrum of chiral (S)-3i

mV

- - e
9. 0 9. 25 9. 50
min

500

4004

Fi ]

G L] ¥ L) 1

7.50 T.75 B. 0 B, 25 B.50 8. 75

‘Peak Results>

1 Chl 254nm

Index | Time /min Area | Area’k | Height | Height%s
1| 7.928 A588009 | 95. 227 | 319724 | 95. G66
2 4. 099 179858 1. 773 14485 1. 334
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Chiral HPLC spectrum of racemic 3j
mV
Ll
£ -
3= . id
20
104
G T T s T T L] b
7.0 1.5 8.0 85 5.0 8.5 10, o
min
{Feak Results>
. Chl 254nm
Imlm_ Time/min ] Area | Arva%s | Heidght | Hedght%
1 7. T6d 312928 19, 984 | 276 52, 180
2 9. 131 313122 50, 016 25611 47. B20
Chiral HPLC spectrum of chiral (S)-3j
mY
S0 T
:!Dﬂ-':
200
0 T T T A
1.0 7.5 B0 B.5 4.0 9.5 10,0
min
<Peak Results>
i Chl 25inm
Tndex | Time/min Area | Aroa% | Ha i ke | Ha i ghin%
1| 7.762 FIR0033 | o4, 420 | 312579 | 04,809
2 9. 134 199755 5. 580 16574 5. 151
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Chiral HPLC spectrum of racemic 3k
mV
5l
1
40
]
- ;
30 £ g
] =
20
10
G 1 I ¥ ] L L 1
7.0 1.5 R0 B.5 4.0 9.5 10, 0 [ 11.0
min
{Peak Results>
Chl 254nm
Index | Time/ min Area | Area% | Hae 1 ghit | Het |:|'|L'e
1| 8.066 309966 | 49.789 | 26880 52. 372
2 9. 60 312595 50. 211 24445 47. 628
Chiral HPLC spectrum of chiral (S)-3k
m¥
GO0
500+
bl
=]
'\l:
100
300+
200
100+ &
:
L 1 1 L) T 1 — L 1
7.0 7.5 8.0 B.5 .0 G9.5 10. 0 10. 5 1.0
min
{Peak Results>
. Chl 5inm
Indr-_\_ Time min Araa ] Area% | Hezight ] Hixight%
1] B, (5% 1617436 | 97, 393 | 101298 | a7, 607
2 4, 648 123597 2. 607 0837 2. 393
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Chiral HPLC spectrum of racemic 31

mY

2 el

H, 501

0, 0 - : r -

6. 0 B, :

<Peak Results>

______ Chl 25inm

I | Time min | Area | Arizas | Hedght |
1| 7.380 101102 | 50,193 | 9380 |
2 #. 501 100327 49, BOT BH20

Chiral HPLC spectrum of chiral (S)-31
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=
=h
an
ax
o

Heights
52,111

17, 889

T
0.5

a3

10. &

7374

) EXCH

o i o | B |

6.0 65 7.0 7.5 B.0

<Peak Results>

N i Thl 254nm

Index| Tine/min Area | Aread | Height |
1| 7.3 IEIRA6E | 98, 625 | 435505 |
2| B. 495 50458 1. 375 1520
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mV¥
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10
S
# 1 L L) ¥ 1 ¥ L]
10,0 10, 5 11.0 1.5 12.0 12.5 13.0 13.5 14.0
min
“Peak Results>
. __ Chl 254nm
1r|d1's;_ Time/min | Area | Areas | Height ] Heights
1] 10,873 175334 ] 50, 198 | 120897 | 52,1717
2 12, 619 171951 49, BD2 10824 47. 223
Chiral HPLC spectrum of chiral (S)-3m
mY
bl
g
1540 g
100
5
=
=
= —— — e e
10, O 0.5 1.0 1.5 12.0 12. 5 130 13,5 4.0
min
Peak Results>
Chl 254nm
ke | Time/min | Araa | Area% | Height | Heights
1| 1, 868 2002519 | 47, 150 | 13EE2 | o7, 414
2 12, 610 SET48 2. B50 SEER 2., 586
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Chiral HPLC spectrum of racemic 3n

aY¥
0
25+
20
-
: 5 5
15 = "
10+
5
o= 7 e = = — = p———
13,0 1% 5 4.0 14.5 15, 0 15.5 16. 0 16. 5 17.0
min
‘Peak Results>
N Chl 254nm
Index | Time/min Aren | Area% | Height | Heights
1| 14.076 235219 | 5. 407 | 13206 | 51. 789
P 15. 747 231416 19, 593 12293 48. 211
Chiral HPLC spectrum of chiral (S)-3n
mV
5004 §
2504
]
0 s : - — - — e
130 1.5 14.0 -] 15.0 15. 16. 0 16. 5 17.0
min
‘Peak Results>
~ i Chl 234rm
Index | Time/min Area | Area% | Height | Height%
1] 14.015 | 8778561 | 98. 337 | 15672 | 98, 336
2 15, GB4 148485 1. BE3 1H4 1. 664
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Chiral HPLC spec

trum of racemic 30

oY
Al
3
20 5 B
1 = =
10+
Ll 1 _l . 1 L] it
14.0 14, 5 15.0 153. 5 16. O 16, 5 17.0
min
Peak Results>
. Chl 254rm
Index| Time/min | Area | Area% | Height | Height%
1] 14394 300689 | 49,541 | 16799 | 51, 464
2 15, 989 05054 50, 359 15843 48, 536
Chiral HPLC spectrum of chiral (S)-30
my
7504
500 ]
50
¢ . . ; - — . : :
12 13 14 15 16 17 18 19 20
min
(Peak Results>
. Chl 254nm
Index| Time/min | Area | Area% | Height | Height%
1| 14.262 ] 7152880 | 94, 265 | 08367 | a8, 302
2 15, 824 126278 1. 735 652 1. G98
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Chiral HPLC spectrum of racemic 3p

mY
10, ¢
7.9
:
5. (- .
2, 5
.n'rr L L L L 1 L
7. 00 1.25 7.50 7.75 B. 0 8.25 8. 50 875 9, 00
min
{Peak Results>
. Chl 254nm
||1|!|'x_ Timu':l!rl | n'.l'il.'n | Aroa% | Ih-igh! | !il*l;.ﬂiﬂ-
1| 7644 54897 | 50.123 | 5125 | 51017
2 B. 213 BAGZE 14, 877 4920 48, 983
Chiral HPLC spectrum of chiral (S)-3p
mt
00
2504
2001
1 2
-
1504
100
5 £
: "
r e e e e
7.0 T.25 7. 50 7.5 8. 00 B.25 B.50 K 75 9. 00
min
Peak Results>
Chl 254nm
Index| Time/min | Area |  Area™ | Height | Heights
1| 7.630 1652133 |  BR.756| 153016 88, 987
2 H. 198 2042E9 11. 244 15438 1. 013
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Chiral HPLC spectrum of racemic 3¢

mV
754
50 i
=
z
25
{: 13 L] T T L] L] L]
12 13 14 15 16 17 18 19 20
min
<Peak Results>
e Ch1 254nm
|r||!|‘:|i_ Time min | Area | Area% | Har i ghit | Beights
1] 13912 64877 | 49.646 | I6IR3 | 54351
2 185, 104 654176 50, 354 380 15. 649
Chiral HPLC spectrum of chiral (S)-3q
| 13
L
T5H ;
51]-0:
250+
o] e
iF T T T LI T T e T L
12 13 14 15 It I7 IR 19 o0
min
‘Peak Results?
. Chl 254nm
Index | Time/min Arem | Arcad Height |  Height%
1] 13.813 10831604 | 95, 902 G09349 | Op, 552
2 17.923 P2 1. 098 21759 & 448
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Chiral HPLC spectrum of racemic 3r

¥
7. 5+
5. 4
g
2. 59
0. T T T L v
11 12 13 14 15 16
min
{Peak Results>
Chl 254nm
Index| Time/min Area Area% |  Height | Height%
1] 11988 | 52641 | 50.439 | 3490 | 54,348
2 14, 233 51725 49, 56l 2841 45. 652
Chiral HPLC spectrum of chiral (S)-3r
mV
0
.;'.
iy
110
Lt T T T ~ T
11 12 13 14 15 16
min
<Peak Results>
I Chl 254rm
Index| Time/min |  Area | Area% | Height | Height%
1 01,95 | 4503512 |  GOR 801 | 275069 | 08048
2 14, 189 12514 | 1.199 | 2403 1. 052
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Chiral HPLC spectrum of racemic 3s

mV
200
150+
1iH
Z 2
5 = B
'C T /\ T T 1 L /I\
B.D BB 9.0 9.5 0.0 10, 5 1.0 1.5 12. 0
min
“Peak Results>
1 Chi 254rm
]mli'x_ Time ' min | Area | Areats | Height | Height%
1| 9. (88 187785 | 50. 380 | 10067 228
2 11. 481 480428 49, 620 32643 1. 772
Chiral HPLC spectrum of chiral (S)-3s
=V
750~
S0
£
=
250
0 T 1 T T T T T d
R0 .5 G0 9.5 10, O 10,5 11.0 1.5 12.0
min
‘Peak Results>
. Chl 254nm
Ir||:|4'x_ Thme min Area | Area% | Hedght | Helghts
1| 9. 083 3243801 | 97. 346 | 268946 | 97. B45
r'] 11,472 885431 2. 654 5924 2. 155
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Chiral HPLC spectrum of racemic 3t

mV
20
15 g
; g
s
5
[ L L) L L L
11 12 13 14 15 16 17
min
<Peak Results>
— T
Index | Time/min Arem | Area% | HMeight | Heights
1] 12,352 | 196577 | 50,114 | 1880 | 55, 080
2 15, 639 195683 49, 816 10504 44, 920
Chiral HPLC spectrum of chiral (S)-3t
mV
200
1504 o
100
i
L T T T T - T
11 12 13 11 15 16 17
min
‘Peak Results>
e Chl 254nm
[nli.*:_ Time min | Area 1 Area% 1 Haedght | Height%
1] 12 154 | J026368 | 949, 352 | 133029 | 99, 375
2 15. 441 13220 0. 648 H36 0. 625
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Chiral HPLC spectrum of racemic 3u
mY¥
10+
10
8 z
20 ¥ =
10+
o IJ 1 l_ 1 1 =
B0 3.5 90 9.5 1,0 10.5 1.0
Ili[l
Peak Results>
. Chl 25inm
Iredex | Time/min Area |  Areas | leight | Heights
1| B. 904 242264 | 49. 791 | 20184 | 52. 235
2 10, 244 244267 50. 209 18457 17. Th5
Chiral HPLC spectrum of chiral (S)-3u
L1}
Al
Rl
] ¥
]
104
i, T T T T T
8.0 4.5 G0 9.5 10. 0 10.5 1.0
min
“Peak Results?
A Chl 254rm
||||i;'u_ Time/min | Area | Area% | Hee d gh | Hed ght%
1|  B8.8B2| 265058 |  96.504| 27173 | 07,257
2 10. 198 IR 3. 126 625 2. 743
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Chiral HPLC spectrum of racemic 3v

mt
75
50
£
% = £
25+ i =
0 1 1 L L L] L]
13 14 15 16 17 15 1% s |]
min
<Peak Results>
. Chl 254rm
Index| Time/min Aren Area% | Height Height%
1| 14694 A0E0TS 50, 290 | 22509 54. 974
2 18. 188 4013495 49. 710 18436 15. 026
Chiral HPLC spectrum of chiral (S)-3v
et
A00
ﬁﬂ{r- =
Eﬂ(}—-
1060
I'J LI T L) T L) - T
13 14 15 16 17 18 19 20
min
{Peak Results>
L Chl 254nm
Index | Time min Aroa | Aroa% | Haegoht | Hedights
1] 14,984 4207399 | 98, 426 232600 9%, 2
2 18. 451 BT273 1. 574 1252 1. 378
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Chiral HPLC spectrum of racemic 5a
eV
200
150+
100+ E -
_-',D-
i A  — — e
7.5 B0 BG 9.0 9.5 10. @
min
Peak Results>
)  Chl 254nm
Index | Time/min Area | Area% | Height Heights
1| B 054 QI25TE | 19. 992 | RIE14 52. 719
2 9. 141 QIZRTS 5. D0A 75165 {7. 281
Chiral HPLC spectrum of chiral (S)-5a
mV
[y
" :
iy
250
1 g
f'. _,..--""_-“"-..._
} —— - R e - -
7.5 B0 B.5 9.0 9.5 10.0
min
‘Peak Results>
. Chl 254nm
Index | Time/min Area | Area% | Height | Heights
1| 7.982 91 846 | GOEGIE | 92 573
2 9. 053 8. 15 1BR31 7427
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Chiral HPLC spectrum of racemic 5b

eV
Io0
SO0
200+
1001 8 s
0 /\ _/-\
B B -
B.5 4.0 9.5 10, @ 105 1.0
|min
‘Peak Results>
Chl 25nm
Index | Time/min Area | Areas | Hezight | Height%
1| 9,268 TR9848 | 50,333 | 65073 | 5% 648
2 10, 259 779391 49, 66T 57001 46, 352
Chiral HPLC spectrum of chiral (S)-5b
my
104}
M e
MM
H:H.l-1 -
:
ol —
8.5 9.0 0.5 0.0 10. 5 11.0
min
‘Peak Results>
L Chl 254nm
Index | Time/min Arem | Area% | Height Height's
1] 9. 233 J144689 | 91, 306 | 24500 | 3. T84
2 10. 224 225592 B, 654 16503 . 216
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Chiral HPLC spectrum of racemic 5¢

mV
150
125
100+
75 = 2
5]
25
G- L] 1 L] 1 L] 1 =
8.5 9.0 9.5 10,0 10. 5 1.0 1.5 12.0
min
{Peak Results>
- Chl 254nm
Index | Time/min | Area | Area% | Height | Height%
1]  9.347 ] B18A13 | 19. 918 | 66295 | 53. 451
2 11. 168 R2149% 5. DR2 57715 46, 5449
Chiral HPLC spectrum of chiral (S)-5¢
aY
1M
750+
1 =
S+
2501
1 o
] 3
] _..-"'-:'n-___
G = L] 1 1 LI = ¥ L :
B.5 a.0 a5 10.0 10,5 1.0 1.5 120
min
‘Peak Results>
- Chl 254nm
Index | Time/min | Area | Area% | Hed ghit | Height%
1| 9.2 | 6661893 |  90.831 | 543498 | 91,949
2 11.019 672513 9, 169 47589 R, 051
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Chiral HPLC spectrum of racemic 7

ml
[{Eh
75
50 : 3
25
[ L] L] L] L L
15,0 15. 5 16, 0 16.5 17.0 17.5
min
{Peak Results>
Area Area% | Height Height%
G2 49, 992 | 36036 51. 058
GEIEIE 50, D& 34541 18. 941
Chiral HPLC spectrum of chiral (S)-7
uY
i
40
M+
104 B
=
— — e ———
14.0 14.5 15.0 15.5 16. 0 16.5 17. 0 17. 5
min
(Peak Results>
& Chl 254nm
Index | Time/min Area | Aria | Height | Heights
1 15. 061 4104927 | G, 047 | 234051 B, 019
2 16.011 168927 3. 653 G290 3, 981
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Chiral HPLC spectrum of racemic 8

n\
300+
250
2007
501
1004
: : /.I\\_ _I//_‘\:-T‘-h :
5,00 5.25 5. 50 5.75 &, 00
min
Peak Results>
| Chl 254nm
Index | Time/min | Area | Area% | Height | HeightS
1 5. 215 ZBRATY | 50. 458 | 6792 | 61.274
2 5. GilW 2RO399 19, 542 31964 48, 726
Chiral HPLC spectrum of chiral (S)-8
m¥
200
1 50
100+
50
L L T i T T T
5. 00 5. 26 5. 50 5. 15 6. 00
min

{Peak Results>
Chl 254nm

Tndex | Time/min Area | Area | Height | Heights
1| 5.237 2095 | 0. 473 | 243 | 0. 484
2 5,616 140550 99, 527 194976 W, 516
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Chiral HPLC spectrum of racemic 9

m¥
750+
S0
2501 % 2
- -
/\ c
{f— — A, S S 4fiW?\T=, .
6.5 7.0 7.5 50 B.5 9.0 9.5
!irl
‘Peak Results>
) Chl 254nm
Index | Time/min | Area | Area's | Height | Height%
1| 7.434 | I664380 |  49.961 | 172507 |  54.243
2 H, 540 16660E4 50, 039 145538 45, 757
Chiral HPLC spectrum of chiral (S)-9
m¥
1o
750
500 "
=
250
z
"
c Ll i ‘P ‘l - T l. L] =
6.0 6.5 .0 7.5 LA ] BA5 9.0 0.5
min
Peak Results?
Chl 254nm
Index | Time/min Area | Area® | Height | Height%
1| 7.096 45014277 | 98,592 | 350251 | 98,761
2 8. 481 50195 1. 408 4385 1. 239
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Chiral HPLC spectrum of racemic 10

mY¥
i)
25
= C
1 1 1 1
4. 50 4. 75 5,00 5. 25 5. 50 5.75 &, 00
min
‘Peak Results>
o Chl 254nm
Index| Time/min Aria | Area% | Height | Height%
1] a9z AD350 | 50, 261 | 1900 | 50,098
2 5, 50 33832 19, 739 1708 459, 002
Chiral HPLC spectrum of chiral (R)-10
m¥
100
7o
Eliy
2] :
( i I“ = L] o 1 - - l_ 5 1
4, &l 4. 75 o, () 2. 25 5, 0 575 &, O
min
¢Peak Resultis>
| Chl 254nm
Index | Time/min Area | Areas leight Height
1| 4.931 2596 | 1.530 | 395 | Z 004
] 5, 538 167067 94, 470 19327 97, i
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Chiral HPLC spectrum of racemic 11
¥
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200
110
J . 0
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L _.-"/.._-“‘\‘--_ —/_H\H"‘-‘._
7.00 7.25 7.50 1.15 8. 00 8.25 8.50 875  9.00
min
¢Peak Results>
Chl 254nm
Index Time/min Area | Area% | Height | Height%
1| 7.642 2063930 | 50.316| 272553 49, 424
2 8116 2026698 49. 634 2TRHZ 50, 576
Chiral HPLC spectrum of chiral (S)-11
mV
20
1 5(W)
104+
500 ~
3
o
0 — . e L —
7.00 7.25 7. 50 T.75 8,00 825 8. 50 B.75 9. 00
.ill
<Peak Results>
Chl 254nm
Index| Time/min | Area | Area% Height | Height%
1| 7.513| 5799534 |  98.6086| 517617 | 98 342
2 H. 041 818A3 1. 392 8729 1. BER
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Chiral HPLC spectrum of racemic 12

eV
S+
250+
-] =
® 2
o =
I _—_ ;
13.0 13.5 14.0 14.5 15.0 15.5 16, @
min
<Peak Results>
. Chl 254nm
Index| Time/min Area | Area% | Height | Height%
1| 13,836 725834 19. 937 | 35600 | 50, 216
2 14. 617 727651 50, 063 35204 49, TR4
Chiral HPLC spectrum of chiral (S)-12
m¥
ik
400
a00]
] -
200 3
1004 &
- :
G 1 ~ L 1 1 N i L]
13. 0 13.5 14.0 14. 5 15.0 15.5 16. 0
min
‘Peak Results>»
_— Chl 254nm
Index| Time/min | Area |  Area% | Height | Heights
1| 13902 13706 | 0. 458 | 799 | 0. 546
2 14, G594 2978318 4. 542 145431 94, 454
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Chiral HPLC spectrum of racemic 13

m¥
204
1504
10(H
iy an =
= x
& B
. : M ,
20,0 20,5 21.0 21.5 2.0 22.5 23,0
min
<Peak Results>
Chl 254nm
Index | Time/min Area | Areah Height | Height%
1| 20.765 BA5900 | 49.993 | 19024 | 49,514
2| 21.960 B46128 0. 007 15358 50, 485

Chiral HPLC spectrum of chiral (S)-13

aY
15
1257
100}
75+
5}
25 - :
w T T T L 1 T T
20.0 20. 5 21.0 2L.5 3o 2.5 250
min
{Peak Results>
Chl 254rm
Indox | Time/min Area | Aread | Height | Heights
1| 0,977 J0%6 | 0, 586 142 | 1. 234
2 21,5949 525089 99, 414 11393 98, 766
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Chiral HPLC spectrum of racemic 15a
mV
100
757
501 2 2
25
0 T T == N
8.0 8.5 9.0 9.5 10.5
min
{Peak Results>
Index | Time/min Area Area% Height Height%
1 8. 587 471469 49.778 39430 51.663
2 9. 559 475674 50. 222 36892 48. 337
Chiral HPLC spectrum of chiral (R)-15a
mV
500
400
300
200 2
100 .
| c
0 ol
100 T T T 1 T 7 L I A
8. 00 8. 25 8.50 8.75 9. 00 9.25 9.75 10. 00
min
{Peak Results>
Index | Time/min Area Area% Height Height%
1 8. 213 65751 3.718 7391 5.324
2 9. 393 1702875 96. 282 131420 94.676
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Chiral HPLC spectrum of racemic 15b

mV
100
75—-
50—-
] s -
(=] =<}
%7 g E
0-F—— - _— - ‘
TueD 8.0 8.5 9.0 9.5 10. 0 10.5
min
{Peak Results>
Index| Time/min Area Area% Height Height%
1 8. 040 228563 49. 568 19822 52. 926
2 9. 681 232544 50. 432 17631 47.074
Chiral HPLC spectrum of chiral (R)-15b
mV
300
250
200+
w0
2
150 =S
1004
50-| 2
pr
0+—— — — T P ; : .
T D 8.0 8.5 9.0 9.5 10. 0 10.5
min
<Peak Results>
Index| Time/min Area Area%h Height Height%
1 8. 089 98516 5. 054 8477 5.719
2 9. 736 1850916 94. 946 139743 94. 281
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Chiral HPLC spectrum of racemic 15¢
my
100
75
50
g g
25 = &
r_ e~ e~ |
_95]
=50 T T T T T
13 14 15 16 17 18
min
<Peak Results>
Index| Time/min Area Area% Height Height%
1 13. 974 169587 50. 125 9141 54.821
2 17. 276 168744 49. 875 7533 45.179
Chiral HPLC spectrum of chiral (R)-15¢
mV
300
250
200 %
150
1004
50 =
T T T T T
13 14 15 16 17 18
min
<Peak Results>
Index | Time/min Area Area% Height Height%
1 13.731 90495 2. 468 6583 3.947
2 16, 881 3576019 97. 532 160184 96. 053
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Chiral HPLC spectrum of racemic 15d

mV
100
75;
50-]
% —
25 = s
O e ———— — —
8.5 9.0 9.5 10.0 10..:6 11.0
min
<Peak Results>
Index | Time/min Area Area% Height Height%
1 8.818 296540 50. 426 23497 53.519
2 10. 541 291533 49. 574 20407 46. 481
Chiral HPLC spectrum of chiral (R)-15d
mV
500
400
300
: 3
200 =
100
i b
=]
] %
0——— — T T ™ T T
8.5 9.0 9.5 10.0 10. 5 11.0
min
{Peak Results>
Index| Time/min Area Area% Height Height%
1 8.819 119742 4. 556 9590 5.172
2 10. 542 2508500 95. 444 175823 94. 828
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Chiral HPLC spectrum of racemic 15e

mV

40
30+

20

e
9. 888
10. 680

9.0 9.5 10.0 10. 5 11.0 11.5
min

<{Peak Results>

Index| Time/min Area Area% Height Height%
1 9. 888 79834 50. 201 5540 50. 860
2 10. 680 79196 49. 799 5352 49. 140

Chiral HPLC spectrum of chiral (R)-15e

mV

300

250

200

10. 677

150+

100+

50

9. 888

0
9.0 9.5 10.0 10.5 1.0 1.5
min

<{Peak Results>

Index| Time/min Area Area% Height Height%
1 9. 888 100059 4. 964 7211 5. 256
2 10. 677 1915740 95. 036 129968 94. 744
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Chiral HPLC spectrum of racemic 15f
mV
200
150—_
100
50
G T T T T T
7.0 T::5 8.0 8.5 9.0 9.5 10.0
min
<Peak Results>
Index | Time/min Area Area% Height Height%
1 7.871 719590 49. 961 63681 51. 594
2 8. 793 720725 50. 039 59747 48. 406
Chiral HPLC spectrum of chiral (R)-15f
mV
500
400
300
200 %
100
0 | T T T T T
1.0 15 8.0 8.5 9.0 9.5 10.0
min
{Peak Results>
Index| Time/min Area Area% Height Height%
1 7.901 105248 4. 447 9576 4. 868
2 8. 823 2261330 95. 553 187135 95.132
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Chiral HPLC spectrum of racemic 15g
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13.‘ 25

T
13.50

T
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14. 00

min
<Peak Results>
Index | Time/min Area Area% Height Height%
1 12. 743 308749 50. 178 18947 52. 715
2 13. 676 306559 49. 822 16996 47. 285
Chiral HPLC spectrum of chiral (R)-15g
mV
500
400
3004
200-] i
100
&
c T T T T T 1 T T
12.00 12,25 12. 50 1275 13. 00 13.25 13.50 13.75 14.00 .
min
<{Peak Results>
Index | Time/min Area Area% Height Height%
1 12. 744 2674330 96. 101 157671 96. 386
2 13. 679 108504 3. 899 5912 3.614
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Chiral HPLC spectrum of racemic 15h

15h

mV
100
75
50
z 2
25- 3 =
0 T T T T T T T
8.0 8.5 9.0 9.5 10.0 10.5 11.0 11,5 12.0
min
{Peak Results>
Index | Time/min Area Area% Height Height%
1 8. 861 311138 50. 101 25348 53. 676
2 10. 587 309879 49. 899 21876 46. 324
Chiral HPLC spectrum of chiral (R)-15h
mV
100
754
504
1 =
] 2
1 S
254
] =
0 _— . L - . : S — : .
8.0 8.5 9.0 9.5 10.0 10. 5 11.0
min
{Peak Results>
Index| Time/min Area Area% Height Height%
1 9. 004 15477 4. 016 1311 4. 661
2 10. 040 369871 95, 984 26815 95,339
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Chiral HPLC spectrum of racemic 15i

mV

50+
40

30

9. 262

20-]

10

10. 355

o —_— —
8.5 9.0 9.5 10.0

<{Peak Results>

Index | Time/min Area Area% Height Height%

1 9. 262 248118 49. 681 19234 51. 908

2 10. 355 251307 50. 319 17820 48. 092

Chiral HPLC spectrum of chiral (R)-15i

mV

min

9.353

10. 445

8.5 9.0 9.5 10.0

{Peak Results>

Index| Time/min Area Area% Height Height%
1 9. 353 125912 8. 183 10389 9.199
2 10. 445 1412872 91. 817 102547 90. 801
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Chiral HPLC spectrum of racemic 15j

mV
100
754
50 2
- q
=
25+
04— - — — — ————y :
18.0 18.5 19.0 19.5 20.0 20.5 21.0 21.5
min
{Peak Results>
Index | Time/min Area Area% Height Height%
1 18. 805 1917649 49. 649 42164 51. 205
2 20. 221 1944768 50. 351 40178 48. 795
Chiral HPLC spectrum of chiral (R)-15j
mV
3000
2000+
1000 @
| = _
0
T AT T L T — T T T
18.0 18.5 19.0 19.5 20.0 20.5 21.0
min
{Peak Results>
Index| Time/min Area Area% Height Height%
1 19. 029 19623474 96. 791 435368 97.038
2 20. 550 650582 3. 209 13291 2. 962
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Chiral HPLC spectrum of racemic 15k

mV
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3004
200 8 <
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7.5 8.0 8.5 9.0 9.5 10.0
min
<{Peak Results>
Index| Time/min Area Area% Height Height%
1 8. 090 1618813 49. 753 139377 51. 905
2 9. 246 1634909 50. 247 129146 48. 095
Chiral HPLC spectrum of chiral (R)-15k
mV
750
500
[=3
250 2
3
§
0 —_— — . —
7:.5 8.0 8.5 9.0 9.5 10.0
min
{Peak Results>
Index| Time/min Area Area% Height Height%
1 8. 096 160848 6. 642 15269 7.813
2 9. 250 2260752 93. 358 180164 92.187
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Chiral HPLC spectrum of racemic 151
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9. 50 9.75 10. 00 10. 25 10. 50 10.75 11. 00 11.25 11.50
min

<{Peak Results>

Index | Time/min Area Area% Height Height%
1] 9.630 121995 49.515 9518 51.893
2] 10.982 124386 50. 185 8823 48.107
Chiral HPLC spectrum of chiral (R)-151
mV
500
400-|
300-] g
] S
200-]
100-]
] 2
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G T T

O N O R T S O O T O OO 0 O T S O 300
9.25 9.50 9.75 10. 00 10. 25 10. 50 10.75 11. 00 11.25 11.50
min

{Peak Results>

Index | Time/min Area Area% Height Height%
1 9. 630 174866 4. 640 13942 5.408
2 10. 979 3593516 95. 360 243866 94. 592
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Chiral HPLC spectrum of racemic 15m
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min

<{Peak Results>

Index | Time/min Area Area% Height Height%

1 8. 955 18957347 49. 844 776118 47. 561

2 9. 872 19075766 50. 156 855733 52.439

Chiral HPLC spectrum of chiral (R)-15m
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8. 00 8.25 8. 50 8.75 9.00 9.25 9.50 9.75 10. 00
min

<Peak Results>
Index | Time/min Area Area% Height Height%

1 8. 920 59746685 92. 188 1909460 89. 041

2 9. 848 5062808 7.812 235023 10. 959
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Chiral HPLC spectrum of racemic 15n
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g Z
0
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7.00 7.25 7.50 7:75 8.00 8.25 8.50 8.75 9. 00
min
{Peak Results>
Index| Time/min Area Area% Height Height%
I 7.922 16901803 50. 421 545086 43. 162
2 8. 838 16619743 49. 579 717790 56. 838
Chiral HPLC spectrum of chiral (R)-15n
mV
5000
2500
< =
1 o
Oﬁ
— 1 T T ' 't T 7T T L I B L A AL |
7.5 8.0 8.5 9.0 9.5
min
<{Peak Results>
Index| Time/min Area Area% Height Height%
1 7.914 31488987 91. 397 844779 84. 098
2 9. 181 2963952 8. 603 159736 15.902
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Chiral HPLC spectrum of racemic 150
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6. 00 6.25 6. 50 6.75 7.00
min
<{Peak Results>
Index| Time/min Area Area% Height Height%
1 6. 398 147565 50. 311 15602 49. 219
2 6. 757 145739 49. 689 16098 50. 781
Chiral HPLC spectrum of chiral (R)-150
mV
500
400
300
200 2
s
100
i =
0 ] T T T T
6. 00 6.25 6. 50 6.75 7.00
min
<{Peak Results>
Index | Time/min Area Area% Height Height%
1 6. 407 84579 6. 416 9418 6. 644
2 6. 763 1233584 93. 584 132333 93. 356
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Chiral HPLC spectrum of racemic 15p
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i ] 2
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8. 00 8.25 8.50 8.75 9.00 9.25 9.50 9.75 1000
min
<Peak Results>
Index | Time/min Area Area% Height Height%
1| 8179 184520 50. 363 14702 55. 040
2] 9.516 181862 49. 637 12010 11.960
Chiral HPLC spectrum of chiral (R)-15p
mV
2500+
2000
1500
1000-|
500
O_‘I L T 17 T O TN, T Y FAF IS A LR
8.00 8.25 8. 50 8.75 9.00 9.25 9.50 9.75  10.00

min

<{Peak Results>

Index| Time/min Area Area% Height Height%
1 8. 177 7590954 94. 426 583730 94. 826
2 9. 581 448101 5. b74 31853 5.174
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Chiral HPLC spectrum of racemic cis-3h

500
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6. 830

8. 691

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5

{Peak Results>

Index | Time/min Area Area% Height Height%
1 6. 830 1384645 50. 043 145749 54.415
2 8.691 1382243 49. 957 122100 45. 585

Chiral HPLC spectrum of chiral cis-(R)-3h

mV

8. 709

4/ 6.840

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

min

{Peak Results>

Index | Time/min Area Area% Height Height%
1 6. 840 68895 3.412 7154 3.995
2 8. 709 1950040 96. 588 171909 96. 005
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