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Experimental procedures and characterization data

General methods

All solvents and reagents were used without further purification unless otherwise stated. In(OTf);,
MS3A, and p-toluenesulfonic acid monohydrate (PTSA) were dried at 140, 180, and 90 °C for 1, 3,
and 1 hunder reduced pressure (ca. 1.0 Torr) prior to use, respectively. MeCN was purified by simple
distillation at atmospheric pressure and then dried with MS3A prior to each experiment.
1,2-Dichloroethane (DCE) and tetrahydrofuran (THF) were dried over MS4A and sodium wire prior
to use, respectively. The 'H and "°C nuclear magnetic resonance (NMR) spectra operating at the
frequencies of 300 and 75 MHz, respectively, were recorded in chloroform—d (CDCls) unless
otherwise noted. Chemical shifts are reported in parts per million (ppm) relative to TMS and the
solvent used as internal standards, and the coupling constants are reported in hertz (Hz). Optical
rotations were measured in 1 dm path length cell of 2 mL capacity at a wavelength of 589 nm.
Reactions were monitored by thin layer chromatography (TLC) using Merck TLC silica gel 60F s,
visualized by irradiation with UV light and/or by treatment with a solution of phosphomolybdic acid
in ethanol followed by heating. Column chromatography was performed using silica gel 60N

(spherical neutral) from Kanto Chemical Co. and eluting with the indicated solvent system.

Synthesis and characterization of stannylated reagent 2¢
To a solution of N—(p—anis)methacrylamide (1.09 g, 5.70 mmol) in anhydrous THF (57 mL) was

added potassium #butoxide (BuOK, 1.60 g, 14.3 mmol), and the resulting mixture was cooled to
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—78 °C. After the mixture was stirred at this temperature under nitrogen atmosphere for 1 h,
n—butyllithium (nBuLi, 1.55 M hexane solution, 8.5 mL, 13 mmol) was added to give a suspension.
This reaction mixture was kept at —78 °C for an additional 10 min, and tributyltin chloride
(nBusSnCl, 2.23 g, 6.84 mmol) was injected consecutively into the suspension. After stirring for an
additional 1 h, the reaction was quenched by addition of saturated aqueous NH4Cl1 (20 mL) at —78 °C,
and the reaction mixture was then warmed to room temperature. The solvent was removed under
reduced pressure, and the resulting residue was extracted with ethyl acetate (50 mL), washed with
brine (20 mL), dried over Na,SOy, filtered, and concentrated in vacuo to provide a crude residue. The
crude residue was purified by column chromatography on 10% w/w anhydrous K,COs-silica gel"!
(eluent: hexane/AcOEt = 25/1-20/1) to give 2¢ (925 mg, 1.93 mmol, 34%) as a white solid. R,= 0.43
(silica gel, hexane/AcOEt = 8/1); mp 35-36 °C; IR (KBr): 3227 (N-H), 2923 (C-H), 1643 (C=0)
cm™; "TH NMR (300 MHz, CDCls): § 7.51 (brs, 1H, NH), 7.43 (d, J= 9.0 Hz, 2H, ArH), 6.85 (d, J =
9.0 Hz, 2H, ArH), 5.31 (s, 1H, CH>), 5.13 (s, 1H, CH>), 3.78 (s, 3H, CH3), 2.01 (s, 2H, CH>), 1.49 (m,
6H, CH>), 1.29 (m, 6H, CH>), 0.91 (m, 6H, CH>), 0.87 (t, J= 7.2 Hz, 9H, CH;); >*C NMR (75 MHz,
CDCl): 6 167.7 (C), 156.7 (C), 147.8 (), 131.3 (C), 122.1 (CH), 114.4 (CH), 111.2 (CH), 55.6
(CHs), 29.2 (CH,), 27.5 (CH»), 15.9 (CH>), 13.8 (CHs3), 10.1 (CH,). Anal. Calcd for C,3H39NO,Sn: C,

57.52; H, 8.19; N, 2.92. Found: C, 57.52; H, 8.17; N, 2.86.

Synthesis and characterization of stannylated reagent 2h

To a solution of N—(p-chlorophenyl)methacrylamide (500 mg, 2.58 mmol) in anhydrous THF (25
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mL) was added potassium z—butoxide (fBuOK, 724 mg, 6.45 mmol), and the resulting mixture was
cooled to —78 °C. After the mixture was stirred at this temperature under nitrogen atmosphere for 1 h,
n—butyllithium (nBuLi, 1.60 M hexane solution, 3.7 mL, 5.9 mmol) was added to give a suspension.
This reaction mixture was kept at —78 °C for an additional 10 min, and tributyltin chloride
(nBusSnCl, 1.06 g, 3.09 mmol) was injected consecutively into the suspension. After stirring for an
additional 15 min, the reaction was quenched by addition of saturated aqueous NH4Cl (20 mL) at —78
°C, and the reaction mixture was then warmed to room temperature. The solvent was removed under
reduced pressure, and the resulting residue was extracted with ethyl acetate (40 mL), washed with
brine (25 mL), dried over Na,SOy, filtered, and concentrated in vacuo to provide a crude residue. The
crude residue was purified by column chromatography on 10% w/w anhydrous K,COs-silica gel"!
(eluent: hexane/AcOEt = 30/1) to give 2h (84.0 mg, 0.173 mmol, 7%) as a brown solid. R,= 0.53
(silica gel, hexane/AcOEt = 8/1); mp 33-34 °C; IR (KBr): 3276 (N-H), 2922 (C-H), 1650 (C=0)
cm™; "TH NMR (300 MHz, CDCls): § 7.57 (brs, 1H, NH), 7.49 (d, J=9.0 Hz, 2H, ArH), 7.28 (d, J =
9.0 Hz, 2H, ArH), 5.32 (s, 1H, CH,), 5.17 (s, 1H, CH>), 2.00 (s, 2H, CH), 1.49 (m, 6H, CH,), 1.28 (m,
6H, CH,), 0.90 (m, 6H, CH>), 0.87 (t, J=7.5 Hz, 9H, CHs); *C NMR (75 MHz, CDCls): § 167.8 (C),
147.7 (C), 136.8 (C), 129.4 (C), 129.3 (CH), 121.4 (CH), 111.7 (CH»), 29.2 (CH»), 27.5 (CH>), 15.9
(CH,), 13.8 (CH3), 10.1 (CHy). Anal. Calcd for Cy,H3sCINOSn: C, 54.52; H, 7.49; N, 2.89. Found: C,

54.55; H, 7.41; N, 2.95.

General procedure for the asymmetric amide allylation of a—ketoesters with 2.
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All the experiments for the asymmetric amide allylation of a-ketoesters with 2 were carried out as
described in the following typical procedure. For example, the reaction of methyl benzoylformate
(1a) with N—(p—tolyl)-B—amido allylstannane (2a) in the presence of 10 mol % of

[In((S,S)—Ph—pybox)(OTf);] (entry 1 in Table 1) was exemplified as follows.

Synthesis and characterization of allylated product 3a

To the suspension of indium trifluoromethanesulfonate (In(OTf)s, 12.2 mg, 0.0217 mmol) and MS3A
(109 mg) in anhydrous MeCN (0.43 mL), which was degassed by at least three freeze-pump-thaw
cycles, was added (S,S)-Ph—pybox (16.0 mg, 0.0434 mmol) at room temperature under argon
atmosphere, and the resulting mixture was stirred for 1 h. After addition of 1a (35.6 mg, 0.217
mmol), the resulting mixture was stirred at this temperature for an additional 30 min. Then, 2a (121
mg, 0.260 mmol) was added and the reaction mixture was stirred at room temperature for an
additional 18 h. The reaction was then quenched by addition of saturated aqueous NaHCO; (10 mL),
and the resulting mixture was extracted with ethyl acetate (30 mL), washed with brine (10 mL),
dried over Na,;SQy, filtered, and concentrated in vacuo to give a crude residue. The crude residue was
purified by column chromatography on 10% w/w anhydrous K,COs-silica gel'! (eluent:
hexane/AcOEt = 2/1) to give 3a (72.9 mg, 0.215 mmol, 99%, 99% ee) as a white solid. Rr=0.53
(silica gel, hexane/AcOEt = 1/1); mp 117-119 °C; [a]p®® —26.9 (¢ 0.850, CHCls); IR (KBr): 3294
(N-H), 3137 (O-H), 1725 (C=0), 1645 (C=0) cm™; '"H NMR (300 MHz, CDCl5): & 8.50 (brs, 1H,

NH), 7.63 (m, 2H, ArH), 7.41 (d, J = 8.4 Hz, 2H, ArH), 7.39-7.25 (m, 3H, ArH), 7.11 (d, J = 8.4 Hz,
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2H, ArH), 5.91 (s, 1H, CH,), 5.41 (s, 1H, OH), 5.35 (s, 1H, CH,), 3.76 (s, 3H, CH3), 3.35 (d, J=13.5
Hz, 1H, CH,), 3.04 (d, J=13.5 Hz, 1H, CH,), 2.30 (s, 3H, CH;); "*C NMR (75 MHz, CDCls): & 174.6
(0), 168.0 (C), 141.2 (C), 140.5 (C), 135.5(C), 134.4 (C), 129.7 (CH), 128.6 (CH), 128.3 (CH), 125.8
(CH), 125.0 (CHy), 120.4 (CH), 79.2 (C), 53.3 (CH3), 42.7 (CH,), 21.0 (CH3). Anal. Calcd for
Co0H1NOy4: C, 70.78; H, 6.24; N, 4.13. Found: C, 70.40; H, 6.23; N, 4.20. The enantiomeric excess
was determined by HPLC with a Daicel Chiralpak IF column (hexane/EtOH = 80/20), flow rate 0.5

mL/min, fg (major) = 24.9 min, fg (minor) = 20.5 min.

Characterization of allylated product 3b

This compound was obtained (61.3 mg, 0.188 mmol, 99%, 98% ee) as a white solid. R,=0.53 (silica
gel, hexane/AcOEt = 1/1); mp 147-148 °C; [a]p® —17.2 (¢ 1.42, CHCI3); IR (KBr): 3306 (N-H),
3239 (O-H), 1727 (C=0), 1648 (C=0) cm™’; "H NMR (300 MHz, CDCls): & 8.57 (brs, 1H, NH),
7.66-7.62 (m, 2H, ArH), 7.56-7.52 (m, 2H, ArH), 7.40-7.28 (m, SH, ArH), 7.11 (m, 1H, ArH), 5.96
(s, 1H, CH»), 5.38 (s, 1H, CH,), 5.19 (s, 1H, OH), 3.78 (s, 3H, CH3), 3.37 (d, /= 14.1 Hz, 1H, CH,),
3.07 (d, J=14.1 Hz, 1H, CH>); *C NMR (75 MHz, CDCl;): 8 174.6 (C), 167.9 (C), 141.0 (C), 140.5
(0), 138.1 (C), 129.2 (CH), 128.6 (CH), 128.4 (CH), 125.8 (CH), 125.4 (CH,), 124.7 (CH), 120.3
(CH), 79.3 (C), 53.5 (CH3), 42.5 (CH,). Anal. Calcd for C;oH9NO4: C, 70.14; H, 5.89; N, 4.31.
Found: C, 70.15; H, 5.89; N, 4.30. The enantiomeric excess was determined by HPLC with a Daicel
Chiralpak IF column (hexane/EtOH = 80/20), flow rate 0.5 mL/min, tg (major) =20.0 min, 7z (minor)

= 18&.1 min.
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Characterization of allylated product 3¢

This compound was obtained (84.9 mg, 0.239 mmol, 99%, 99% ee) as a white solid. R,= 0.40 (silica
gel, hexane/AcOEt = 1/1); mp 95-97 °C; [a]p® —29.6 (¢ 4.19, CHCl); IR (KBr): 3318 (N-H), 3220
(O-H), 1727 (C=0), 1639 (C=0) cm™; "H NMR (300 MHz, CDCls): & 8.54 (brs, 1H, NH), 7.64—7.60
(m, 2H, ArH), 7.43 (d, J=9.0 Hz, 2H, ArH), 7.38-7.29 (m, 3H, ArH), 6.83 (d, J=9.0 Hz, 2H, ArH),
5.89 (s, 1H, CH,), 5.56 (s, 1H, OH), 5.33 (s, 1H, CH>), 3.77 (s, 3H, CH3), 3.74 (s, 3H, CH3), 3.34 (d,
J=14.1 Hz, 1H, CH>), 3.03 (d, J = 14.1 Hz, 1H, CH,); C NMR (75 MHz, CDCls): & 174.6 (C),
168.1 (C), 156.8 (C), 141.2 (C), 140.3 (C), 131.1 (C), 128.5 (CH), 128.2 (CH), 125.8 (CH), 124.9
(CH,), 122.2 (CH), 114.3 (CH), 79.2 (C), 55.6 (CH3), 53.3 (CH3), 42.7 (CH,). Anal. Calcd for
Co0H21NOs: C, 67.59; H, 5.96; N, 3.94. Found: C, 67.70; H, 5.97; N, 4.17. The enantiomeric excess
was determined by HPLC with a Daicel Chiralpak IF column (hexane/EtOH = 70/30), flow rate 0.5

mL/min, fg (major) = 30.7 min, fg (minor) = 22.6 min.

Characterization of allylated product 3d

This compound was obtained (88.1 mg, 0.231 mmol, 98%, 98% ee) as a white solid. Ry=0.63 (silica
gel, hexane/AcOEt = 1/1); mp 166-168 °C; [a]p®™ —24.0 (c 0.465, CHCls); IR (KBr): 3293 (N-H),
3175 (O-H), 2957 (C-H), 1729 (C=0), 1641 (C=0) cm™; '"H NMR (300 MHz, CDCls): & 8.40 (brs,
1H, NH), 7.65-7.63 (m, 2H, ArH), 7.47-7.28 (m, 7H, ArH), 5.92 (s, 1H, CH>), 5.37 (s, 1H, CH>),

5.28 (s, 1H, OH), 3.79 (s, 3H, CHz), 3.37 (d, J = 14.4 Hz, 1H, CH>), 3.06 (d, J = 14.4 Hz, 1H, CH,),

S7



1.30 (s, 9H, CHs); *C NMR (75 MHz, CDCls): & 174.7 (C), 167.9 (C), 147.9 (C), 141.2 (C), 140.6
(0), 135.4 (C), 128.6 (CH), 128.3 (CH), 126.1 (CH), 125.8 (CH), 125.0 (CH,), 120.2 (CH), 79.3 (C),
53.4 (CH3), 42.7 (CHy), 34.5 (C), 31.5 (CH3). Anal. Calcd for Co3H27NO4: C, 72.42; H, 7.13; N, 3.67.
Found: C, 72.45; H, 7.15; N, 3.66. The enantiomeric excess was determined by HPLC with a Daicel
Chiralpak IA column (hexane/EtOH = 70/30), flow rate 0.5 mL/min, g (major) =20.1 min, fg (minor)

=15.5 min.

Characterization of allylated product 3e

This compound was obtained (64.3 mg, 0.171 mmol, 99%, 93% ee) as a colorless oil. Ry=0.53 (silica
gel, hexane/AcOEt = 1/1); [a]p> —19.2 (¢ 1.10, CHCl;); IR (NaCl): 3474 (N-H), 3276 (O-H), 1730
(C=0), 1659 (C=0) cm™; '"H NMR (300 MHz, CDCls): & 8.87 (brs, 1H, NH), 7.87-7.80 (m, 3H,
ArH), 7.68-7.62 (m, 3H, ArH), 7.51-7.27 (m, 6H, ArH), 6.02 (s, 1H, CH>), 5.37 (s, |H, CH,), 5.31 (s,
1H, OH), 3.75 (s, 3H, CH3), 3.39 (d, J= 14.1 Hz, 1H, CH,), 3.10 (d, J= 14.1 Hz, 1H, CH>); >C NMR
(75 MHz, CDCls): & 174.6 (C), 168.7 (C), 141.1 (C), 140.3 (C), 134.3 (C), 132.7 (C), 128.9 (CH),
128.6 (CH), 128.3 (CH), 127.6 (C), 126.5 (CH), 126.17 (CH), 126.14 (CH), 125.9 (CH), 125.8 (CH),
125.5 (CH,), 121.3 (CH), 121.2 (CH), 79.3 (C), 53.4 (CH3), 42.7 (CH>). Anal. Caled for C23H2NO4:
C, 73.58; H, 5.64; N, 3.73. Found: C, 73.60; H, 5.80; N, 3.96. The enantiomeric excess was
determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH = 70/30), flow rate 0.5

mL/min, fg (major) = 19.1 min, fg (minor) = 14.1 min.
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Characterization of allylated product 3f

This compound was obtained (67.1 mg, 0.210 mmol, 98%, 96% ee) as a white solid. R,=0.47 (silica
gel, hexane/AcOEt = 1/1); mp 66—67 °C; [a]p® —=31.9 (¢ 1.29, CHClL); IR (KBr): 3349 (N-H), 3096
(O-H), 2870 (C-H), 1742 (C=0), 1651 (C=0) cm™"; 'H NMR (300 MHz, CDCls): & 7.65-7.60 (m,
2H, ArH), 7.38-7.25 (m, 3H, ArH), 6.31 (brt, 1H, NH), 6.12 (s, 1H, OH), 5.63 (s, 1H, CH,), 5.24 (s,
1H, CH>), 3.74 (s, 3H, CH3), 3.27 (d, J = 13.5 Hz, 1H, CH,), 3.25 (t,J=7.2 Hz, 2H, CH,), 2.96 (d, J
=13.5 Hz, 1H, CH>), 1.52 (quint., J=7.2 Hz, 2H, CH;), 1.38-1.24 (m, 4H, CH,), 0.90 (t, /= 7.2 Hz,
3H, CHs); C NMR (75 MHz, CDCls): § 174.7 (C), 170.6 (C), 141.7 (C), 140.3 (C), 128.4 (CH),
128.0 (CH), 125.8 (CH), 123.3 (CH), 78.9 (C), 53.1 (CH3), 43.3 (CH>), 40.1 (CH>), 29.2 (CH>»), 29.1
(CH,), 22.4 (CH,), 14.1 (CHj3). Anal. Calcd for C;sH2sNOy4: C, 67.69; H, 7.89; N, 4.39. Found: C,
67.75; H, 8.05; N, 4.36. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak
IC column (hexane/EtOH = 80/20), flow rate 0.5 mL/min, g (major) = 19.9 min, fg (minor) = 15.9

min.

Characterization of allylated product 3g

This compound was obtained (55.9 mg, 0.171 mmol, 98%, 96% ee) as a white solid. Ry=0.53 (silica
gel, hexane/AcOEt = 1/1); mp 127-128 °C; [a]p® —30.3 (¢ 1.35, CHCl3); IR (KBr): 3339 (N-H),
3124 (O-H), 2889 (C—H), 1736 (C=0), 1639 (C=0) cm™’; "H NMR (300 MHz, CDCls): & 7.66—7.62
(m, 2H, ArH), 7.37-7.25 (m, 3H, ArH), 6.21 (s, 1H, OH), 6.01 (brs, 1H, NH), 5.55 (s, 1H, CH,), 5.22

(s, 1H, CHa), 3.74 (s, 3H, CH3), 3.28 (d, J= 14.1 Hz, 1H, CH>), 2.92 (d, J = 14.1 Hz, 1H, CH), 1.36
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(s, 9H, CHs); >C NMR (75 MHz, CDCl5): & 174.8 (C), 170.4 (C), 141.9 (C), 141.4 (C), 128.4 (CH),
127.9 (CH), 125.9 (CH), 122.4 (CH,), 78.8 (C), 53.0 (CH3), 51.8 (C), 43.3 (CH>), 28.7 (CH3). Anal.
Calcd for C;7H3NOg4: C, 66.86; H, 7.59; N, 4.59. Found: C, 66.75; H, 7.90; N, 4.94. The enantiomeric
excess was determined by HPLC with a Daicel Chiralpak IF column (hexane/EtOH = 90/10), flow

rate 0.5 mL/min, fg (major) = 19.7 min, fg (minor) = 25.9 min.

Characterization of allylated product 3h

This compound was obtained (77.0 mg, 0.214 mmol, 98%, 97% ee) as a white solid. R,=0.57 (silica
gel, hexane/AcOEt = 1/1); mp 85-87 °C; [a]p?® —13.8 (¢ 2.49, CHCl); IR (KBr): 3304 (N-H), 3123
(O-H), 1727 (C=0), 1648 (C=0) cm™'; "H NMR (300 MHz, CDCl;): & 8.82 (brs, 1H, NH), 7.64—7.60
(m, 2H, ArH), 7.50 (d, J = 8.7 Hz, 2H, ArH), 7.40-7.24 (m, 5H, ArH), 5.99 (s, 1H, CH,), 5.37 (s,
1H, CH,), 5.08 (s, 1H, OH), 3.78 (s, 3H, CH3), 3.35 (d, /= 14.4 Hz, 1H, CH,), 3.07 (d, /= 14.4 Hz,
1H, CH,); *C NMR (75 MHz, CDCl): & 174.5 (C), 167.7 (C), 140.8 (C), 140.1 (C), 136.8 (C),
129.6 (C), 129.2 (CH), 128.7 (CH), 128.5 (CH), 126.0 (CH»), 125.7 (CH), 121.5 (CH), 79.4 (C),
53.5 (CH3), 42.3 (CHy). Anal. Calcd for C19H;3sCINOy: C, 63.43; H, 5.04; N, 3.89. Found: C, 63.49; H,
5.18; N, 3.90. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak IF column

(hexane/EtOH = 80/20), flow rate 0.5 mL/min, g (major) = 20.0 min, fg (minor) = 17.3 min.

Characterization of allylated product 3i

This compound was obtained (92.0 mg, 0.213 mmol, 97%, 98% ee) as a colorless oil. R,=0.53 (silica
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gel, hexane/AcOEt = 1/1); [a]p> —20.9 (c 2.85, CHCly); IR (NaCl): 3474 (N-H), 3298 (O-H), 2837
(C—H), 1732 (C=0), 1649 (C=0) cm™'; "H NMR (300 MHz, CDCl;): & 8.47 (brs, 1H, NH), 7.63-7.59
(m, 2H, ArH), 7.42 (d, J=9.0 Hz, 2H, ArH), 7.36-7.23 (m, 8H, ArH), 6.83 (d, J=9.0 Hz, 2H, ArH),
5.81 (s, 1H, CH,), 5.35 (s, 1H, OH), 5.21 (s, 1H, CH>), 5.17 (s, 2H, CH,), 3.76 (s, 3H, CH3), 3.32 (d,
J=14.4 Hz, 1H, CH>), 3.05 (d, J = 14.4 Hz, 1H, CH,); *C NMR (75 MHz, CDCls): & 174.0 (C),
167.8 (C), 156.8 (C), 141.1 (C), 140.2 (C), 135.2 (O), 131.2 (C), 128.84 (CH), 128.79 (CH), 128.6
(CH), 128.5 (CH), 128.3 (CH), 125.9 (CH), 125.1 (CH,), 122.1 (CH), 114.3 (CH), 79.2 (C), 68.2
(CH,), 55.6 (CH3), 42.5 (CH3). Anal. Calcd for Cy6H2sNOs: C, 72.37; H, 5.84; N, 3.25. Found: C,
72.02; H, 5.81; N, 3.34. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak
IC column (hexane/EtOH = 70/30), flow rate 0.5 mL/min, g (major) = 21.0 min, fg (minor) = 15.6

min.

Characterization of allylated product 3j

This compound was obtained (54.7 mg, 0.142 mmol, 96%, 97% ee) as a white solid. Ry=0.53 (silica
gel, hexane/AcOEt = 1/1); mp 98-99 °C; [a]p® —6.36 (¢ 3.17, CHClL); IR (KBr): 3455 (N-H), 3283
(O-H), 2885 (C—H), 1742 (C=0), 1651 (C=0) cm™'; '"H NMR (300 MHz, CDCl;): & 8.68 (brs, 1H,
NH), 7.67-7.63 (m, 2H, ArH), 7.46 (d,J=9.0 Hz, 2H, ArH), 7.39-7.26 (m, 3H, ArH), 6.85 (d,J=9.0
Hz, 2H, ArH), 6.00 (s, 1H, CH,), 5.38 (s, 1H, CH>), 5.07 (sept, J= 6.3 Hz, 1H, CH), 4.98 (s, 1H, OH),
3.79 (s, 3H, CH3),3.33 (d, J=14.4 Hz, 1H, CH,), 3.08 (d, /= 14.4 Hz, 1H, CH>), 1.30 (d, /= 6.3 Hz,

3H, CH3), 1.21 (d, J= 6.3 Hz, 3H, CH3); *C NMR (75 MHz, CDCls): & 173.7 (C), 167.4 (C), 156.7
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(0), 141.2 (C), 140.4 (C), 131.5 (O), 128.5 (CH), 128.3 (CH), 125.8 (CH), 125.5 (CH»), 121.9 (CH),
114.3 (CH), 79.0 (C), 71.2 (CH), 55.6 (CH3), 42.2 (CH>), 21.8 (CH3), 21.6 (CH3). Anal. Calcd for
CHysNOs: C, 68.91; H, 6.57; N, 3.65. Found: C, 68.91; H, 6.61; N, 3.59. The enantiomeric excess
was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH = 80/20), flow rate 0.5

mL/min, fg (major) = 26.4 min, fg (minor) = 20.2 min.

Characterization of allylated product 3k

This compound was obtained (29.0 mg, 0.0989 mmol, 72%, 99% ee) as a white solid. R,= 0.23 (silica
gel, hexane/AcOEt = 1/1); mp 94-95 °C; [o]p”® +42.9 (¢ 2.04, CHCls); IR (KBr): 3327 (N-H), 3220
(O-H), 1733 (C=0), 1642 (C=0) cm™"; "H NMR (300 MHz, CDCls): & 8.69 (brs, 1H, NH), 7.46 (d, J
=9.0 Hz, 2H, ArH), 6.85 (d, J=9.0 Hz, 2H, ArH), 6.02 (s, 1H, CH>), 5.44 (s, 1H, CH>), 4.69 (s, 1H,
OH), 3.78 (s, 3H, CH3), 3.76 (s, 3H, CH3), 2.89 (d, J= 14.1 Hz, 1H, CH,), 2.73 (d, /= 14.1 Hz, 1H,
CH>), 1.50 (s, 3H, CHs); >C NMR (75 MHz, CDCLs): 6 176.5 (C), 167.3 (C), 156.8 (C), 140.9 (C),
131.3 (C), 124.9 (CH,), 122.0 (CH), 114.3 (CH), 75.7 (C), 55.6 (CH3), 52.9 (CHs3), 42.8 (CH,), 26.4
(CH3). Anal. Calcd for C;5H 9NOs: C, 61.42; H, 6.53; N, 4.78. Found: C, 61.38; H, 6.50; N, 4.73. The
enantiomeric excess was determined by HPLC with a Daicel Chiralpak IF column (hexane/EtOH =

70/30), flow rate 0.5 mL/min, ¢z (major) = 37.5 min, #g (minor) = 22.3 min.

General procedure for lactonisation

All the experiments for lactonisation of allylated products 3 were carried out as described in the
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following typical procedure. For example, the reaction of allylated product 3¢ was exemplified as

follows.

Synthesis and characterization of lactone 4a

To a solution of 3¢ (49.3 mg, 0.139 mmol, 99% ee) in anhydrous DCE (2.8 mL) was added
p—toluenesulfonic acid (PTSA; 26.3 mg, 0.153 mmol) at room temperature, and the resulting
mixture was warmed to 50 °C. After stirring at this temperature for 11 h, the reaction mixture was
cooled down to room temperature, and the solvent was then removed under reduced pressure to
provide a crude residue. The crude residue was purified by column chromatography on silica gel
(eluent: hexane/toluene/AcOEt = 0/1/0 to 4/0/1) to give 4a (31.6 mg, 0.136 mmol, 98%, 99% ee) as a
white solid. R,= 0.43 (silica gel, hexane/AcOEt = 2/1); mp 75-76 °C; [a]p?” —39.0 (¢ 1.87, CHCl3); IR
(KBr): 1776 (C=0), 1735 (C=0) cm™'; "H NMR (300 MHz, CDCLs): & 7.54-7.49 (m, 2H, ArH),
7.44-7.33 (m, 3H, ArH), 6.30 (t, /=2.4 Hz, 1H, CH,), 5.72 (t,J=2.4 Hz, 1H, CH;), 3.85 (dt, /=24,
17.1 Hz, 1H, CH,), 3.75 (s, 3H, CH3), 3.26 (dt, J = 2.4, 17.1 Hz, 1H, CH,); >C NMR (75 MHz,
CDCl): 6 171.1 (O), 168.6 (C), 138.7 (C), 132.9 (C), 129.1 (CH), 129.0 (CH), 125.2 (CH), 123.8
(CH»), 84.1 (C), 53.6 (CH3), 39.6 (CH;). Anal. Calcd for Ci3H204: C, 67.23; H, 5.21. Found: C,
67.19; H, 5.18. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak IE

column (hexane/EtOH = 80/20), flow rate 0.5 mL/min, g (major) = 20.4 min, #g (minor) = 17.9 min.

Characterization of lactone 4b
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This compound was obtained (40.5 mg, 0.131 mmol, 99%, 98% ee) as a white solid. R,=0.50 (silica
gel, hexane/AcOEt = 2/1); mp 40-41 °C; [o]p> —22.0 (¢ 2.35, CHCLs); IR (KBr): 1777 (C=0), 1745
(C=0) cm™'; '"H NMR (300 MHz, CDCls): & 7.52-7.46 (m, 2H, ArH), 7.41-7.34 (m, 3H, ArH),
7.32-7.26 (m, 3H, ArH), 7.21-7.15 (m, 2H, ArH), 6.27 (t,J = 2.7 Hz, 1H, CH>), 5.68 (t, J=2.7 Hz,
1H, CH,), 5.18 (d,J=12.6 Hz, 1H, CH>), 5.13 (d, /= 12.6 Hz, 1H, CH,), 3.80 (dt, /= 2.7, 17.1 Hz,
1H, CH>), 3.25 (dt, J=2.7, 17.1 Hz, 1H, CH,); >C NMR (75 MHz, CDCl5): § 170.3 (C), 168.6 (C),
138.5 (C), 135.1 (C), 132.9 (C), 129.1 (CH), 128.9 (CH), 128.8 (CH), 128.6 (CH), 128.0 (CH), 125.4
(CH), 123.7 (CH,), 84.1 (C), 68.1 (CH>), 39.3 (CH,). Anal. Calcd for C;9H;604: C, 74.01; H, 5.23.
Found: C, 74.02; H, 5.28. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak
IE column (hexane/EtOH = 80/20), flow rate 0.5 mL/min, #gx (major) = 19.9 min, tz (minor) = 18.6

min.

Characterization of lactone 4c

This compound was obtained (41.8 mg, 0.161 mmol, 97%, 97% ee) as a colorless oil. R,=0.53 (silica
gel, hexane/AcOEt = 2/1); [a]p>’ —18.9 (¢ 2.09, CHCls); IR (NaCl): 1780 (C=0), 1735 (C=0) cm’;
'H NMR (300 MHz, CDCls): & 7.53-7.49 (m, 2H, ArH), 7.43-7.32 (m, 3H, ArH), 6.29 (t,J=2.7 Hz,
1H, CH,), 5.71 (t,J=2.7 Hz, 1H, CH>), 5.02 (sept, J= 6.3 Hz, 1H, CH), 3.80 (dt,J=2.7,17.1 Hz, 1H,
CH>), 3.25 (dt, J=2.7,17.1 Hz, 1H, CH>), 1.21 (d, J = 6.3 Hz, 3H, CH3), 1.18 (d, J = 6.3 Hz, 3H,
CHs); ®C NMR (75 MHz, CDCls): & 170.0 (C), 168.8 (C), 138.8 (C), 133.2 (C), 129.0 (CH), 128.9

(CH), 125.3 (CH), 123.5 (CHy), 84.2 (C), 70.8 (CH), 39.5 (CH,), 21.55 (CHs), 21.46 (CHs). Anal.

S14



Calcd for CsH;¢O4: C, 69.22; H, 6.20. Found: C, 69.21; H, 6.16. The enantiomeric excess was
determined by HPLC with a Daicel Chiralpak IE column (hexane/EtOH = 80/20), flow rate 0.5

mL/min, fg (major) = 16.1 min, fg (minor) = 13.9 min.

Characterization of lactone 4d

This compound was obtained (13.0 mg, 0.0763 mmol, 86%, 99% ee) as a pale yellow oil. R,= 0.50
(silica gel, hexane/AcOEt = 1/1); [o]p>® =5.02 (¢ 0.625, CHCl); IR (NaCl): 1775 (C=0), 1747 (C=0)
cm™; "H NMR (300 MHz, CDCls): & 6.29 (t, J=2.7 Hz, 1H, CH>), 5.69 (t, J=2.7 Hz, 1H, CH>), 3.79
(s, 3H, CH3), 3.25 (dt,J=2.7, 17.4 Hz, 1H, CH>), 2.85 (dt,J=2.7, 17.4 Hz, 1H, CH>), 1.69 (s, 3H,
CHs); >C NMR (75 MHz, CDCl): § 172.2 (C), 169.2 (C), 133.6 (C), 123.3 (CH,), 81.0 (C), 53.2
(CHs;), 38.8 (CH,), 24.4 (CH3). Anal. Calcd for CgH;¢O4: C, 56.47; H, 5.92. Found: C, 56.46; H, 5.86.
The enantiomeric excess was determined by HPLC with a Daicel Chiralpak IE column (hexane/EtOH

= 80/20), flow rate 0.5 mL/min, tg (major) = 20.3 min, fg (minor) = 23.7 min.

General procedure for the transformations of 3i and 3j into (5)—3c.
The experiments for the transformations 3i and 3j into (S)—3c¢ were carried out as described in the

following typical procedure. The transformation of 3i was exemplified as follows.

Transformation of 3i into ($)—3c.

To a solution of 3i (16.8 mg, 0.0389 mmol, 98% ee) in a mixture of THF and water (1/1, 0.39 mL)
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was added lithium hydroxide monohydrate (LiOH-H,O; 16.3 mg, 0.389 mmol) at room temperature,
and the resulting mixture was stirred for 1 h. The reaction was then quenched by addition of a
saturated solution of aqueous citric acid (20 mL), and the resulting mixture was extracted with DCM
(30 mLx3), dried over Na,SOy, filtered, and concentrated in vacuo to provide a crude carboxylic acid
(17.8 mg) as a yellow oil. To a solution of this product (17.8 mg) in anhydrous DMF (0.078 mL) was
added sodium bicarbonate (NaHCOs; 32.7 mg, 0.389 mmol) and iodomethane (Mel; 54.9 mg, 0.389
mmol) at room temperature, and the resulting mixture was stirred for 14 h. Then, the reaction
mixture was subjected to column chromatography on silica gel (eluent: hexane/AcOEt = 2/1) to give
(8)—3¢ (10.9 mg, 0.0307 mmol, 79% from 3i, 97% ee) as a white solid. Structural confirmation of
this product, which was obtained by the 'H NMR analysis, ensured the success in the above
sequential transformation. The assignment of the product stereochemistry was made by comparison
of the chiral HPLC profile with that of the authentic sample of (S)—3¢. By following the procedure
described above, whereby the hydrolysis and esterification steps required longer reaction times of
19 and 21 h, respectively, 3j (52.0 mg, 0.136 mmol, 97% ee) could also be transformed into (S)—3¢
(30.4 mg, 0.0855 mmol, 63% from 3i, 97% ee). The assignment of the product stereochemistry was

made by the same operation as described above.

Transformation of 3k into (R)—4d’
To a solution of 3k (40.7 mg, 0.139 mmol, 91% ee) in EtOH (1.2 mL) was added p—toluenesulfonic

acid monohydrate (PTSA; 79.1 mg, 0.416 mmol) at room temperature, and the resulting mixture was
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warmed to 60 °C. After stirring at this temperature for 4 h, the reaction mixture was cooled down to
room temperature, and the solvent was then removed under reduced pressure to provide a crude
residue. The crude residue was purified by column chromatography on silica gel (eluent: CH,Cl,) to
give (R)—4d’ (13.4 mg, 0.0723 mmol, 53%, 71% ee) as a pale yellow oil. R, = 0.50 (silica gel,
CH,CL); [a]p*® —15.4 (¢ 0.670, EtOH); IR (NaCl): 3020 (C-H), 1773 (C=0), 1740 (C=0) cm’; 'H
NMR (300 MHz, CDCls): 6 6.28 (dt,J=2.7, 3.0 Hz, 1H, CH>), 5.67 (dt, J=2.7, 3.0 Hz, 1H, CH,),
4.24 (q, J= 7.2 Hz, 2H, CH>), 3.24 (dt, J= 2.7, 17.4 Hz, 1H, CH>), 2.83 (dt, J= 2.7, 17.4 Hz, 1H,
CH>), 1.68 (s, 3H, CH3), 1.29 (t, J = 7.2 Hz, 3H, CHs); °C NMR (75 MHz, CDCls): & 171.7 (C),
169.3 (C), 133.8 (), 123.2 (CH,), 81.1 (C), 62.5 (CH>), 38.8 (CH>), 24.4 (CH3), 14.1 (CH3). Anal.
Calcd for CoH,04: C, 58.69; H, 6.57. Found: C, 58.88; H, 6.54. The enantiomeric excess was
determined by HPLC with a Daicel Chiralpak IE column (hexane/EtOH = 80/20), flow rate 0.5
mL/min, fx (major) = 18.1 min, #fg (minor) = 20.3 min. The assignment of the product
stereochemistry was made by comparison of the observed optical rotation with that reported in the

literature.™!
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HPLC chromatographic data

HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IF (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow

rate: 0.5 mL/min; UV detection: 254 nm
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IF (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow

rate: 0.5 mL/min; UV detection: 254 nm.

HN
. (@]
Racemic standard of 3b
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IF (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 70/30; Flow
rate: 0.5 mL/min; UV detection: 254 nm.

Racemic standard of 3¢
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® 1A (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 70/30; Flow

rate: 0.5 mL/min; UV detection: 254 nm.

Racemic standard of 3d HN
O
HO
T OMe
+
§ 0
& 3d
b 1]
TIHE AREA MK IIND CONC
5,482 74ds 2.5113
6,003 9852 8.3364
6,245 5598 1,8854
6.552 935 v 6.3323
= 6.733 1014 v B.6117
15.457 135203 45,6022
~ a 208.1 125554 45,7206
B L e mleiie ke g S N Ay
=
LJ o TOTAL 296433 168

Enantiomerically enriched (5)-3d (98% ee)

(3]
-
.
a
TIME AREA MK IDND CONe
5.487 7187 3.9475
6.867 3795 5.44
6.23 6887 ¥ 3.7808
6.8 298t v 1.£555
P g 12.0847 7398 0.4431
I 13.138 1673 8.9294
: 15.462 3348 1.8597
a 20,143 147539 81.944
=
S e OOt o
w  TOTAL 188049 188

S21



HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IC (¢ 0.46 cm, L 25 cm);

rate: 0.5 mL/min; UV detection: 254 nm.

Racemic standard of 3e
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Eluent: n—hexane/EtOH = 70/30; Flow
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IC (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow

rate: 0.5 mL/min; UV detection: 254 nm.

Racemic standard of 3f HN
0]
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IF (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 90/10; Flow

rate: 0.5 mL/min; UV detection: 254 nm.

M
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IF (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow

rate: 0.5 mL/min; UV detection: 254 nm.
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IC (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 70/30; Flow

rate: 0.5 mL/min; UV detection: 254 nm.

Racemic standard of 3i
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IC (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow

rate: 0.5 mL/min; UV detection: 254 nm.

Racemic standard of 3j
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IF (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 70/30; Flow

rate: 0.5 mL/min; UV detection: 254 nm.

. OMe
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IE (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow
rate: 0.5 mL/min; UV detection: 254 nm.

Racemic standard of 4a
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IE (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow
rate: 0.5 mL/min; UV detection: 254 nm.

Racemic standard of 4b
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IE (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow
rate: 0.5 mL/min; UV detection: 254 nm.

Racemic standard of 4¢

i
1 [= .
= |5 0™ ™o COsi-Pr
— 4c
TIME AREA HEIGHT ~ MK IDNO  CONC
6.189 6845 405
6.759 381 37
13.433 162 13
2 L 13.902 74514 5064V
=, D 15127 371 23
‘LT 16.079 74970 1455 V %
2 el roman 157243 9997 100

Enantiomerically enriched (S)—4¢ (97% ee)

=
& 7 .
: 070" “CO,i-Pr
(S)-4c
TIME AREA HEIGHT ME  IDNO CONC
6. 147 1661 112 2.8194
6. 752 324 32 0.5496
9.46 246 18 0.4169
'_;'("1 o o 13. 925 942 66 1.5983
T 2 ° 16.119 55741 3371 94.6158
———&_&:\I___A:L-____—‘m e TSP TR ______.:_._ ——————
, — - TOTAL 58913 3599 100
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IE (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow
rate: 0.5 mL/min; UV detection: 230 nm.

Racemic standard of 4d

! ! ! ! ' L_ TOTAL 205727 8910 100

Me
0™ 0" ~co,Me
4d

24

kS %

=3

L TIME AREA HEIGHT MK IDNO  CONC
2.426 36617 876 17.7989
5.6 586 20 0. 2846
6.17 9482 676V 4. 609
8.279 179 21 0. 0869
14. 141 395 26 0.1919
20. 253 79164 3918 38. 4802
23. 66 79304 3372 38. 5484

Enantiomerically enriched (R)—4d (99% ee)

[

6.10

Me
0™ 0" “co,Me
(R)-4d
41
ral
=1
a1l
=]
AREA HE IGHT MK  IDNO CONC
145989 16068 35.
75130 4503 SV 18.3
138 24 T Q.
23311 522 5
425 31 0.
351 24 v [
1006 60 0.2
1075 64 0.2
3629 180 v 0.
394 21 0.0961
157157 7629 38. 3525
1164 51 0. 2841
TOTAL 409769 29177 100
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HPLC Chromatographic Conditions

Column: Daicel CHIRALPAC® IE (¢ 0.46 cm, L 25 cm); Eluent: n—hexane/EtOH = 80/20; Flow
rate: 0.5 mL/min; UV detection: 230 nm.

Racemic standard of 4d’

Me
- O™ 0" “Co,Et
=age]
o= 4d’
-1 -:l (31
el
T; TINE AREA HEIGHT MK 1DNO CONC
- 6. 162 27660 2900 202239
6. 766 1543 166 1.1281
7.898 95 12 0. 0698
8. 719 72 0.5259
16. 226 224 5 0. 1641
e o 17.993 53118 2068 38. 8383
iR 20. 064 53407 2678 39, 0497
— ‘b&———ﬁ L | . TOTAl 136768 8811 100

Enantiomerically enriched (R)—4d’ (71% ee)

-1
e
Me
070" “CO,Et
(R)-4d"
3
el
TIME AREA HETGHT ME  IDNO CONC
6.142 98386 8470 58. 8829
8. 288 1157 111 0. 6924
15. 904 338 24 0. 202
% 17.519 239 19 0.1432
} "'vf 18.129 57300 3151 34,2936
— 20. 297 9668 474 5786
=] TOTAL 16TO8T 12249 100

S33



r~
=
N
e //

18L€— -

LeLG—
¢1E6—

P

829'9
6£8'9
989
2989 —
6989
0889
90¥'L
LI ™
vyl
Ob'L

S
@
C
n
L'l Q
86v'L
806°L- =z

2c
(1H NMR, 300 MHz in CDClg)

MeO

667¢(

20|

L0€

30 25

3.9

4.0

5.0 45
f1 (ppm)

70 65 60 55

1.5

8.0

9.0

S34



88001~
PeLE L~
6I6'GL

L9¥' L2~

-1C

10

20

£G1°6¢

68G6°G5—

9LV HHE~
09EvL1L—

€907¢C1—

g8ee el —

8E8° Pl —

9G9°9G|—

6G9°L91—

T
30

40

50

60

70

80

90

100

S35

110
f1 (ppm)

120

130

140

150

160

170

180

Z/SnB%
180

2c
("*C NMR, 75 MHz in CDCl)

MeO

220 210 200



¥¥8°0
898°01
¥L801
788701
£68°01
106°07
90670y

8¢60—

1ee 1 —
4723

i
ooo.wv

991°6—~
£€ee6—

062°L1
09¢'L
89¢°L
£8¢°L
06¢'L
00g’L
891°L
8LV'L
S8y'L
00G°L-
806°L
8IG'L
vLGL

Py

I r

H
N.__O
j\/SnBus
2h

("H NMR, 300 MHz in CDCls)

2.5

35 3.0

4.0

5.0 4.5
f1 (ppm)

5.5

6.0

6.9

9.0

S36



[= =] [=2] 2 =t [e=] [==]
Lo — o Lo — L L o M~ =
P~ ~ [==] o =t w Lo~ Do Mm
~ N © & = = —¥ Qo
w =t (7] o od — oy M~ Mmoo
— — — — — — od o ———
| | | ¢ N
H
Jope
SnBu
cl 3
2h
("3C NMR, 75 MHz in CDCl)
|
udh ' Lol
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ~—iC

f1 (ppm)

S37



{
b0 Z— M =F-¢el¢ |
G10¢
Sqmw . = bl
92€'6 — -—= bo'L |
vLES
96L'¢ - =T-90¢ |
GPE G — — 201
80¥'G~" o Jmmﬂ:
016G— — ——F 00
¥60'L1
TR
eLZ'L
gL -
12¢°L -—
i
868 mw“ —_—
129'L =
\ 3
0592 S
_ 3 £
05 '8— — e 5 N ~——=[20
Z O © =
I o o
/.. o
O o
T o
=
4
T

3.0

3.5

4.0

5.0 4.5
f1 (ppm)

70 65 60 55

1.9

S38



—174.612
—167.994

HN

HO,
- OMe

O

3a
('3C NMR, 75 MHz in CDCl)

o ™m0 o 00
0w o < =
— O =»n Te =]
=S = ot | o N
—_— +— —
B I B

79.225

53.331

iﬂﬁMhﬁﬂﬂhﬂﬂNﬂWﬂﬂFﬂﬁﬂﬂﬂﬂﬂ“*“H'“*#“*“**ﬂﬂﬁ

42.671

20.961

220 210 200 190 180 170 160 150 140 130 120 110 100

f1 (ppm)

S39

90

80

70

60

o0

40



6v0'C
16076
088'e—
L6ee’/

/

|Mmo._
= €0l

€8L'e

("H NMR, 300 MHz in CDCk)

'

E-00°1

E-v0€ |

3.9

4.0

5.5 5.0 45
f1 (ppm)

6.0

6.5

S40



obGey—

69rES—

LOE6L—

9¢t0C1—
v L vel—

mmh@w_w
£r9'82 |
[E1'86 1
£05°0% |~
510 1LY

v68° 91—
GEOPLI—

('3C NMR, 75 MHz in CDCh)

220 210 200

140

-1C

120 110 100 90 80 70 60 020 40 30 20 10
f1 (ppm)

130

180 170 160 130

190

S41



900°€
£60'
€1ge—
09e'e”

a4

erL'e
vrLE
LoL'e

I I

HO,

OMe

0]

3c
(1H NMR, 300 MHz in CDCB)

|\JW8._ I
10°L

o'l

101 |

809 1

LH\DQ._

507 |

1
-0.

207 |

1o

3.0 25 2.0 1.5 10 05 00

T
35

4.0

5.0 45
f1 (ppm)

T
5.5

7.0 6.5

1.5

S42



6ELCY—

0GZ' €S~
pGG6Ge—

L6L'6L—

987t |
6leécl
8Y6'7Z _M
96L'GZL—
£12'8z1
£25'9Z

L8ZOF 1~
g6y

Ge89G|—

69089 1—
69G'vL L —

OMe

HN

HO,

OMe

O

3c
("3C NMR, 75 MHz in CDCl)

110 100 9 80 70 60 50 40 30 20

190 180 170 160 150 140

220 210 200

-1C

10

f1 (ppm)

120

130

S43



€0g’}

peo'e

2805~
LvEE—
geee’
18L'E—

6LE°G~
69€'5"

€C6'6—

6S2'L
LLe'e
¢0e’L
01eL
Lee L
SPe'L
0sE'L
LSe'L-

ShvL
00t'8—

S

HN

HO,

OMe

A

—= 10'1

—= |

- —T¢o¢ |

——F001

o)
3d
("H NMR, 300 MHz in CDClg)

Froe |

30 25 20 1.5

3.5

4.0

5.0 45
f1 (ppm)

6.5 6.0 9.9

1.0

S44



LY

€eove—
669°Cr—

ECves—

LSZ6L—

8L1'0¢1—
y00'GeL—

66€°GEL—
¢09°0F1—

9L Ly 1—

¥G6'L9L—
LOvLl—

HN
o]
OMe

HO,

0]

3d
("*C NMR, 75 MHz in CDCl3)

220 210 200

140

=1

120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

130

180 170 160 150

190

S45



GLOE

Zz1e— ~— ——===T-¢0} |
.

0LEE— -= £O'L

8rL'E : =T-80°¢ T

J

016G~
vLEGT

L0}
£20°9— — ——F00'|

997'L
S62'L
£28'L
YGE'L
£8CL% T
gev'L
89'L
16v'L

—
8¢9'L Q
Ge9'L

698'8—

HN
(0]
OMe
(0]
3e

HO,
("H NMR, 300 MHz in CDCl)

iﬁwmo._ .

3.5

4.0

5.0 4.5
f1 (ppm)

2.5

6.0

S46



¢59¢er—

GLE'eG—

6¢E6L—

81121
mmm._m—u...

G¢G'Sa+
L9t
866'8¢1

A
¢90' Ly _\

PPL891—
686G VL I—

%

HO,

OMe

0]

3e
(*3C NMR, 75 MHz in CDCb)

20

o0 40

110 100 90 80

180 170 160 150 140

220 210 200

30 10 -1C

60

70

f1 (ppm)

120

130

190

S47



vPeG—
ve9'5—
acl9

€¢ _.mV
G0g'9—

05¢'L
aLeL
0og'L
8eeL—

¥09'L
219
G19'L
029'L 1
7£9'L-
6E9'L
£¥9°LT
Gv9'L

==rl

JI 1]

|

)
=
o

3f
("H NMR, 300 MHz in CDCly)

0.5

3.5 30 25 20 15 1.0

4.0

5.0 4.5
f1 (ppm)

6.9 5.9

1.0

1.9

9.0

S48



£G0v1—

8lvei—

61162
29 _._mmglx

0e10v—
0LZEY—

090€G—

GEBBL—

coeee )
8€8°GC _M

10082 _,H\.r
Eer8cl

LZE0v L~
el w1

LYO0LI—
OLLYLL —

("3C NMR, 75 MHz in CDCl)

220 210 200

140

-1

120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

130

180 170 160 150

190

S49



09€°1L

8€6'C
0v6'¢

1526~
6z’

Lere—

268'2;
qmm.m%

€226
mmm.mV

¥GG'G—

v

J

J

<
[

("H NMR, 300 MHz in CDCly)

—_—F—

=T

—_—T

—

106 |

00'}

Lok [

96'¢ 1

00’} ¢
00'}

680

860 |

1ee |
20 |

1.5

3.0 2.0

4.0

5.0 45
f1 (ppm)

6.5 60 55

1.0

S50



G69'8¢

28ety—

BLL G~
610€5"

ve88L—

erhzin
658'GZI
176121~
gzl

82V Iy I~
Ly6 1y

PLEOL)—
cLivil—

39
("3C NMR, 75 MHz in CDCl)

220 210 200

140

=1

120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

130

180 170 160 150

190

S51



PpO'E
260~
8286
see’

L%

/o

= L0}

I8L¢

$80°G—
L9E°6—

L86'G—

962’7
092'L1
892'L
962'L
L2eLF
9rEL
UL
00¥'L
06bL

0 —@._T_

028'8—

/T

OMe

o)
3h
('"H NMR, 300 MHz in CDClh)

—<F667 |

Mmmd
- 00'1

E-00°L

FE0¢

ers |

= —1-507¢ |

3.9

4.0

5.0 45
f1 (ppm)

70 6.5 60 5.5

15

S52



—174.534
—167.725
140.770
140.125
—136.839

L

Qo

Q

HN

HO,
OMe

O

3h
('3C NMR, 75 MHz in CDCh)

—125.739
121,534

79.381
53.514
42316

1~ 1 T ‘" T ‘" T " T * T * T 7
220 210 200 190 180 170 160 150 140

T T T T T T T T
130 120 110 100 90 80 70 60 50 40 30 20 10 0 =1C
f1 (ppm)

S53



Geoe

mhc.mw
66C€—
:_m.m\

vaL’E

EL1'G~,
1126~
67667

608'G—

2089,
€189
0289
9€8'9
€ge'd
vvm.hV

£82'L
81g'L
p9gL \

omm_.l

GO¥8—

3i
("H NMR, 300 MHz in CDCE)

—= €0t |

F21e |

10 |
—E 701

001 |

3.5

4.0

5.0 4.5
f1 (ppm)

2.9

6.0

S54



SIGey—

686°GG—

8¥¢'89—

991'6L—

SLEYLL—

eLreclt—
G982 |~

G8L'8¢1

yG1GEL—
8le oVl
S0’y —kw

68496 —

6¥8L91—
196°€LL—

OMe

3i
('3C NMR, 75 MHz in CDCb)

W —

220 210 200

10

150 140 130 120 100 90 80
f1 (ppm)

160

180

-1C

60 50 40 30 20

70

110

170

190

S55



650°€
101 o
£08'E—
1gee”

/

G8LE——

€86'Y
L00'S
820G
6¥0'S
0L0'G—
I8€°G
qmm.mm\.

JM

G66'G
mmm.mv

mwm.m
mmm.oW
v¥89

(e
L1EL
eveL
oLE L
EEV L
QiYL

189°8—

.y

OMe

HN

—

("H NMR, 300 MHz in CDCk)

3.5

4.0

5.0 45
1 (ppm)

2.9

6.0

S56



TA NN
mmm._mv.

voger—

v1965—

€1 L—
IL68L—

8LEVLL—

glelel—

v6v'&Z |
26162 TW

50567 1.

(JANTICS

G99°9G|—

6vy L91—
veL el —

OMe

3
('3C NMR, 75 MHz in CDCb)

140

220 210 200

-1C

120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

130

180 170 160 130

190

S57



106" | — _ =662
L2
86L 7~ . —
11877 — = £0'|
8162
1908~ j
£8L¢ R =619
989v— — =E-00'] |
0sre - ) o0
b20'9— — ———————F001
0289
2€8'9
6£8'9 —_— L L o |
689 307
08'9
ObL ]
861 'L — =T ()7
89%'L -
9Lv'L 5}
: (@]
L8¥'L m Q
£
0 T
069'8— "~ Q 5 x> —Fo01 |
z o 8§
o) =
T pd
1H

3.9

4.0

5.0 4.5
f1 (ppm)

2.9

6.0

S58



0LE9¢—

vG8er—

G16¢5~
€666

G99°GL—

LeEvit

¢e0eel—

LEEIEL—

€e6’or 1 —

9GL9G | —

8GC L91—

€6V 9Ll —

o
=

Z
I

O

HO,

OMe

@)

3k
("3C NMR, 75 MHz in CDCl)

60 50 40 30 20

120 110 100 90

190 180 170 160 150

220 210 200

10

-1C

70

80
f1 (ppm)

130

140

S59



122°€1

1£2°C

12’8

8LZ¢

887°¢ T
867°C

=120 T

6YLE
p18°¢ T
228'¢
628°¢
0L8'E1
6.8°¢-

o~ “co,Me
4a
('"HNMR, 300 MHz in CDCk)

o)

L2677 |
|.mmm%d

————00') |

T——E-00"} |

1
-0

3.0 25 2.0 1.5 10 05 00

T
3.5

4.0

50 45
f1 (ppm)

T
7.0 65 60 55

1.5

T
8.0

9.0

S60



~171.136
~168.612

070" "co,Me

4a
('3C NMR, 75 MHz in CDCb)

S WS T
© OSMS T M ~ o Lo
© DD ND o o =2
0 oo o — ©« ]
o oGNSl <t o3 =
— =T o= = o) ire ]
| TP

A oy ) WW W T T

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 0 -1

f1 (ppm)

S61



91¢'e
Gece
GETE
Lee
28e'e
162°€
19L°¢
69L°E
LLLE

44
vILLES
951'S
091°G

191°6

ita —
8L9°G
€9¢'9
m__..w.m_W —
2829

¢GlL
oL
VL —

B N

H\.Nm.—

GLIf——— =
z81'L —
681'L
61 L
802°L
£92' L
9.2 L]
182°L1
062'L]
L6211
9pe L
968"/
LLE L]
08¢L]

g8y

“'C0O,Bn

4b
("H NMR, 300 MHz in CDCly)

)

)

00t |

68 |
) 207¢ |

3.0 25 2.0 1.5 1.0 05 00

3.5

4.0

5.0 45
f1 (ppm)

1.0 6.0 6.0 2.9

1.9

9.0

9.5

S62



£ee6e—

66089—

8EL¥8—

8EL°ET
9GE°GZ |
L86°LC)

¢E9'8GH |

£LL'8T1
226'C @s
901'621 x\ﬁ
S062€ 1

£60°GE _“__
LGP'8E 1

00989 |~
6L2°0L1

“/CO,Bn

0]

o)

4b
('3C NMR, 75 MHz in CDCl)

140

220 210 200

-1(C

120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

130

180 170 160 150

190

S63



0LLL
161°1 _
L6lL
gLel

/

‘CO,i-Pr

o’

o)

4c
("H NMR, 300 MHz in CDCls)

209 |

001 |

Fiot |

=001 |

T-00'1 |

30 25 20 15 10 05 00

3.5

4.0

5.0 4.5
f1 (ppm)

70 65 60 55

1.5

9.0

S64



~170.018
~-168.806

—138.801
—133.232

t

O™ ™0” ""CcO,i-Pr

4c
("3C NMR, 75 MHz in CDCl)

125.319
123.491

84.200

70.809

39.498

21.548
<C2L462

220 210 200 190 180 170 160 150 140 130

120 110 100

f1 (ppm)

S65

90

80

70

60

90

40



(89| —"~— S = -62¢ |

0182,
0282

omm.%ﬁ
887"
e17e—
1z’

16LE ) ol
260 — ~—[-60'¢

— ——==T 9670 |
—

==—=F-660 |

L89G —_— ———T00L |

98¢'9 E— 00} |

Me
"'CO,Me

4d
("H NMR, 300 MHz in CDCl)

0]

0]

4.0

4.5

f1 (ppm)
S66

2.5 50

6.0




~ oy =) =
0 — — o~ @ r~ o ©
— © ] < e © o~
ol o o3 o3 < ™ ™~ =<
~ @ 3] &l — o3 o <
1_‘. T — — o Lo 3] 5
hg¥
)
070" “coMe

4d |
('3C NMR, 75 MHz in CDCh)

220 210 200 190 180 170 160 150 140 130 120 1f110( 10)[] 50 80 70 60 50 40 30 20 10 0 -1
ppm

S67



L9%1n

06217 - =
pret/

8L9°1

/o

Me
"'CO,Et

)

o)
4d'
("H NMR, 300 MHz in CDCl)

=

p—

L€ L

201 |
=101t

861 |

=001 |

E-00°) |

3.5

4.0

9.0 45
f1 (ppm)

70 65 60 55

1.9

9.0

S68



—~171.698
81.056
62.451
38.803
24.362
14.127

~169.312
133.816
123.159

b“”e |
A

0~ "'CO.Et
4d'
("®C NMR, 75 MHz in CDCh) !

[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 1f110( 1 U)U %0 80 70 60 50 40 30 20 10 0 -1
ppm

S69



