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General methods:

All solvents and reagents were of reagent grade quality, and used without further purification unless
otherwise stated. Chloroform, acetonitrile, toluene, and dichloromethane were dried over MS 4 A or
MS 3 A prior to use, respectively. Tetrahydrofuran was dried over Na wire under a nitrogen
atmosphere. The *H and *3C nuclear magnetic resonance (NMR) spectra operating at the frequencies
of 300 and 75 MHz, respectively, on a JEOL JNM-AL300 spectrometer were recorded in
chloroform—d (CDCIs) 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). Reactions were monitored by thin layer chromatography (TLC) using Merck
TLC silica gel 60F2ss, visualized by irradiation with UV light and/or by treatment with
phosphomolybdic acid or p-anisaldehyde stain followed by heating. Column chromatography was
performed using silica gel 60N (spherical neutral) from Kanto Chemical Co. and eluting with the
indicated solvent system. Fourier transform infrared (FTIR) spectra were recorded on a JASCO
FT/IR-550 spectrometer. Elemental analyses were performed by JSL Model JM 10 instruments.

Alkynylamide 3a was prepared according to the literature procedure.!*!
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Screening of metal additives on the reaction of benzaldehyde with 1a:

CONHPh Metal reagent oH CONHPH HO, CONHPh
2\ (20 mol %) )\/ H
PRCHO + @ SsnBu; "o M)’ Ph + Ph N

1a MS3A rt, 72h 4a 6a

Table S1. Screening of metal additives on the reaction of benzaldehyde with 1a?

Entry Metal reagent 4a (%) 6a (%)

1 Sc(OTf)s 0 37

2 Yb(OTf)3 0 32

3 Zn(OTf). 49 13

4 In(OTf)3 61 13

5 ZnCl; 52 18

6 InCls; 41 25

& All reactions were carried out with benzaldehyde (1.0 equiv.) and 1a (1.2 equiv.) in dry MeCN in the
presence of metal reagent (20 mol %) at rt.
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'H NMR spectra of the sample prepared from 1a and ZnClz:

(a)1a (1H NMR, 300 MHz in CD,Cl,)
CONHPh
é. SnBU3
A,J'il,;i’i‘.,}h 1 s i LJ‘l il »j I
50 7.0 60 50 4.0 10 20 1.0 (ppm)

(b) 1a + ZnCl, ("H NMR, 300 MHz in CD,Cl,)

CONHPh
ZnCl,

. 20 mol ¢
z SnBug (20mol %) conmph

H&o H
¥ ’J‘V 1
'L S b J!JL__IJ‘*_._ u IJU'

T T
80 50 4.0 3.0 20 1.0 (ppm)

Figure S1. *H NMR spectra (300 MHz, CDzC|2) of (@) 1a, (b) 1a with ZnCl; (1/0.2, stirred for 30 min at rt).

Transition state for the amide propargylation:

On the basis of our previous works on the amide allylation of carbonyl compounds,? transition
state for the amide propargylation was hypothesized as Figure S2. Indium(lIl) ion would
coordinates to two oxygen atoms of the BINOL ligand, one oxygen atom of the aldehyde, and one
oxygen atom of the propargylating reagent to form a highly ordered structure with a well-defined
chiral environment supported by C=0---H-N—C=0 hydrogen-bond interactions between the
catalyst-bound substrate and the reagent. The nucleophilic attack of another reagent molecule at the
Re-face should be prevented owing to the steric repulsion from the naphthyl group of the chiral
ligand and the Si-face attack is preferred.

,Ln Il

O\/IL
SnBuj;

H/N

o H \ Si-face attack

Re-face shield

SnBujy
Figure S2. Possible transition state for the reaction of aryl aldehydes with 1. (ZnCl; is involved in the
transition state but its role is not understood.)
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Experimental procedures and characterization data:

Synthesis and characterization of 1a

To a solution of 3a (500 mg, 3.14 mmol) in THF (16 mL) was added LDA (2.0 M solution in THF, 4.7
mL, 9.4 mmmol, 3.0 equiv.) under a nitrogen atmosphere at -78 °C. After stirring at the same
temperature for 30 min, tributyltin chloride (2.5 mL, 9.4 mmol, 3.0 equiv.) was added to the solution.
The reaction mixture was stirred at -78°C for an additional 1 hour. The reaction was quenched by
addition of saturated aqueous NaHCOs (5 mL), and the resulting solution was extracted with EtOAc
(30x3 mL). The combined organic extracts were washed with brine (10 mL), dried over Na;SOa,
filtered, and concentrated in vacuo to provide a crude material. This material was purified by column
chromatography (10% w/w K>COs-silica gel, hexane/EtOAc = 25/1) to give 1a (633 mg, 1.41 mmol,
45%) as a white solid. Rs = 0.82 (silica gel, hexane/EtOAc = 2/1); m.p. 45-46 °C; IR (KBr) 3279
(N-H), 1917 (C=C=C), 1627 (C=0) cm™; 'H NMR (300 MHz, CDClz) 5 7.68 (brs, 1H, NH), 7.51 (dd, J
=12, 8.7 Hz, 2H, ArH), 7.31 (m, 2H, ArH), 7.07 (m, 1H, ArH), 4.74 (t, J = 14.1 Hz, 2H, CHy), 1.68-0.98 (m,
18H, CHy), 0.89 (t, J = 7.8 Hz, 9H, CHs); 23C NMR (75 MHz, CDCl3) & 208.0 (C), 165.1 (C), 138.3 (C),
128.9 (CH), 123.8 (CH), 119.2 (CH), 96.2 (C), 70.3 (CH2), 28.9 (CHy), 27.2 (CH2), 13.7 (CH3), 11.1

(CHy). Anal. Calcd for C22H3sNOSn: C, 58.95; H, 7.87; N, 3.12. Found: C, 58.71; H, 7.65; N, 3.27.

General procedure for the synthesis of 1b—d
All the experiments for the synthesis of 1b—d were carried out as described in the following typical

procedure. The synthesis of 1b from tetrolic acid (2-butynoic acid) was exemplified as follows.
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Synthesis and characterization of 1b

According to the synthetic procedure of 3a,™ N,N'-dicyclohexylcarbodiimide (812 mg, 3.93 mmol,
1.1 equiv.), p-chloroaniline (911 mg, 7.14 mmol, 2.0 equiv.), and N,N-dimethyl-4-aminopyridine
(43.6 mg, 0.357 mmol, 0.1 equiv.) were added to a solution of tetrolic acid (302 mg, 3.59 mmol) in
dichloromethane (3.6 mL) at 0 °C under a nitrogen atmosphere. After stirring at room temperature for
4 hours, the reaction mixture was filtered with Celite. The reaction was quenched by addition of 3%
hydrochloric acid (20 mL) to the filtrate, and the resulting solution was extracted with
dichloromethane (30x3 mL). The combined organic extracts were washed with brine (20 mL), dried
over Na SO, filtered, and concentrated in vacuo to provide a crude material. This material was
purified by column chromatography (silica gel, hexane/EtOAc = 4/1 to 2/1) to give 3b (564 mg, 2.91
mmol, 81%) as a white solid. Rt = 0.27 (silica gel, hexane/EtOAc = 2/1); m.p. 136-137 °C; IR (KBr)
3276 (N-H), 2239 (C=C), 1646 (C=0) cm*; H NMR (300 MHz, CDCls) & 8.01 (brs, 1H, NH), 7.50
(d, J = 9.0 Hz, 1H, ArH), 7.26 (d, J = 9.0 Hz, 1H, ArH), 1.95 (s, 3H, CHs); 3C NMR (75 MHz,
CDCl3) § 151.2 (C), 136.0 (C), 129.6 (C), 128.9 (CH), 121.1 (CH), 85.0 (C), 75.1 (C), 3.7 (CHa).
Anal. Calcd for C10HsCINO: C, 62.03; H, 4.16; N, 7.23. Found: C, 61.70; H, 4.53; N, 7.45.
According to the synthetic procedure of la, 1b was synthesized from 3b (300 mg, 1.55 mmol).
After addition of tributyltin chloride, the reaction mixture was warmed to 0 °C over 1 hour. The
crude product was purified by column chromatography (10% w/w K>COs-silica gel, hexane/EtOAc =

25/1) to give 1b (169 mg, 0.350 mmol, 23%) as a white solid. R = 0.81 (silica gel, hexane/EtOAc =
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2/1); m.p. 49-50 °C; IR (KBr) 3267 (N-H), 1917 (C=C=C), 1626 (C=0) cm}; *H NMR (300 MHz,
CDCls) § 7.69 (brs, 1H, NH), 7.47 (d, J = 9.0 Hz, 2H, ArH), 7.25 (d, J = 9.0 Hz, 2H, ArH), 4.74 (t, J
= 13.8 Hz, 2H, CHy), 1.66-0.98 (M, 18H, CHy), 0.89 (t, J = 7.2 Hz, 9H, CHz); 2*C NMR (75 MHz,
CDCls) § 208.2 (C), 165.2 (C), 136.9 (C), 128.9 (CH), 128.6 (C), 120.4 (CH), 96.0 (C), 70.5 (CHs),
28.8 (CHz), 27.1 (CH2), 13.7 (CHs), 11.1 (CHz). Anal. Calcd for C22Ha:CINOSN: C, 54.74; H, 7.10; N,

2.90. Found: C, 54.97; H, 7.13; N, 2.98.

Synthesis and characterization of 1c

According to the synthetic procedure of 3b, 3c was synthesized from p-anisidine (879 mg, 7.14
mmol) and tetrolic acid (301 mg, 3.58 mmol). The crude product was purified by column
chromatography (silica gel, hexane/EtOAc = 4/1 to 2/1) to give 3c (646 mg, 3.41 mmol, 95%) as a
white solid. Rf = 0.21 (silica gel, hexane/EtOAc = 2/1); m.p. 100-101 °C; IR (KBr) 3275 (N-H),
2240 (C=C), 1638 (C=0) cm™; 'H NMR (300 MHz, CDCl3) & 7.49 (brs, 1H, NH), 7.44 (d, J = 9.0
Hz, 2H, ArH), 6.84 (d, J = 9.0 Hz, 2H, ArH), 3.77 (s, 3H, OCHs3), 1.95 (s, 3H, CHs); 3C NMR (75
MHz, CDCls, 50 °C) & 156.8 (C), 151.1 (C), 130.7 (C), 128.9 (C), 121.8 (CH), 114.2 (CH), 84.0 (C),
75.5 (C), 55.4 (CHs3), 3.52 (CH3). Anal. Calcd for C11H11NOz2: C, 69.83; H, 5.86; N, 7.40. Found: C,
69.85; H, 6.10; N, 7.71.

According to the synthetic procedure of 1a, 1c was synthesized from 3c (300 mg, 1.59 mmol). After
addition of tributyltin chloride, the reaction mixture was stirred at -78 °C for 1 hour. The crude

product was purified by column chromatography (10% w/w K>COs-silica gel, hexane/EtOAc = 25/1)
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to give 1c (396 mg, 0.828 mmol, 52%) as a white solid. Rs = 0.72 (silica gel, hexane/EtOAc = 2/1);
m.p. 65-66 °C; IR (KBr) 3268 (N-H), 1955 (C=C=C), 1917 (C=C=C), 1622 (C=0) cm}; 'H NMR
(300 MHz, CDCls) § 7.58 (brs, 1H, NH), 7.41 (d, J = 9.0 Hz, 2H, ArH), 6.84 (d, J = 9.0 Hz, 2H,
ArH), 4.71 (t, J = 14.1 Hz, 2H, CHy), 3.78 (s, 3H, CH3), 1.66-0.98 (m, 18H, CH,), 0.89 (t, J = 7.2
Hz, 9H, CHa); 13C NMR (75 MHz, CDCl3) § 207.9 (C), 165.0 (C), 156.1 (C), 131.5 (C), 121.2 (CH),
114.1 (CH), 96.0 (C), 70.2 (CH2), 55.5 (CH3), 28.9 (CHz), 27.2 (CHz), 13.7 (CH3), 11.1 (CHy). Anal.

Calcd for C23H37NO2Sn: C, 57.76; H, 7.80; N, 2.93. Found: C, 57.65; H, 7.46; N, 3.09.

Synthesis and characterization of 1d

According to the synthetic procedure of 3b, 3b was synthesized from p-toluidine (770 mg, 7.14
mmol) and tetrolic acid (301 mg, 3.58 mmol). The crude product was purified by column
chromatography (silica gel, hexane/EtOAc = 4/1 to 2/1) to give 3d (488 mg, 2.82 mmol, 79%) as a
white solid. Rf=0.23 (silica gel, hexane/EtOAc = 2/1); m.p. 110-111 °C; IR (KBr) 3279 (N-H), 2237
(C=C), 1637 (C=0) cm'"; *H NMR (300 MHz, CDCl3) & 7.85 (brs, 1H, NH), 7.41 (d, J = 8.4 Hz, 2H,
ArH), 7.10 (d, J = 8.4 Hz, 2H, ArH), 2.30 (s, 3H, CHs), 1.94 (s, 3H, CH3); 13C NMR (75 MHz, CDCl5)
§151.1 (C), 134.9 (C), 134.2 (C), 129.4 (CH), 119.9 (CH), 84.2 (C), 75.3 (C), 20.8 (CH3), 3.6 (CHs3).
Anal. Calcd for C11HuNO: C, 76.28; H, 6.40; N, 8.09. Found: C, 76.58; H, 6.59; N, 8.44.
According to the synthetic procedure of la, 1d was synthesized from 3d (300 mg, 1.73 mmol).
After addition of tributyltin chloride, the reaction mixture was stirred at -78 °C for 1 hour. The crude

product was purified by column chromatography (10% w/w K>COs-silica gel, hexane/EtOAc = 25/1)
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to give 1d (304 mg, 0.658 mmol, 38%) as a white solid. R = 0.83 (silica gel, hexane/EtOAc = 2/1);
m.p. 70-71 °C; IR (KBr) 3266 (N-H), 1961 (C=C=C), 1918 (C=C=C), 1623 (C=0) cm}; 'H NMR
(300 MHz, CDCl3) § 7.63 (brs, 1H, NH), 7.39 (d, J = 8.4 Hz, 1H, ArH), 7.10 (d, J = 8.4 Hz, 1H, ArH),
4.73 (d, J = 14.4 Hz, 1H, CH>), 4.69 (d, J = 14.1 Hz, 1H, CHy), 2.29 (s, 3H, CH3), 1.66-0.98 (m, 18H,
CHa), 0.89 (t, J = 7.2 Hz, 9H, CHs); 3C NMR (75 MHz, CDCl3) § 207.8 (C), 164.9 (C), 135.7 (C),
133.1 (C), 129.3 (CH), 119.2 (CH), 96.1 (C), 70.1 (CH2), 28.8 (CHy), 27.1 (CH2), 20.7 (CHs), 13.6
(CHa), 11.0 (CH>). Anal. Calcd for C23H37NOSn: C, 59.76; H, 8.07; N, 3.03. Found: C, 59.74; H,

7.91; N, 3.13.

General procedure for amide propargylation of aldehydes
All the experiments for amide propargylation of aldehydes were carried out as described in the

following typical procedure. The reaction of benzaldehyde with 1a was exemplified as follows.

Synthesis and characterization of 4a

To a suspension of InCls (9.4 mg, 0.042 mmol, 20 mol %) and MS 3 A (318 mg, 1.5 g/mmol) in
MeCN (0.43 mL) was added ZnCl, (5.7 mg, 0.042 mmol, 20 mol %) and
6,6'-(2,4,6-i-Pr3-CeHa)2-(S)-BINOL (36.6 mg, 0.0530 mmol, 25 mol %) at room temperature under an
argon atmosphere. After stirring at the same temperature for 1 hour, benzaldehyde (22.5 mg, 0.212
mmol) was added to the solution. Then, the resulting mixture was stirred at room temperature for 30
minutes. After addition of 1a (114 mg, 0.254 mmol, 1.2 equiv.), the reaction mixture was stirred at the
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same temperature for an additional 18 h. The reaction was quenched by addition of saturated aqueous
NaHCOs (5 mL), and the resulting mixture was extracted with dichloromethane (20 mLx3), washed
with brine (5 mL), dried over Na>SOg, filtered, and concentrated in vacuo to give a crude material.
This material was purified by column chromatography (10% w/w K>COs-silica gel, toluene/EtOAC =
10/1 to 4/1) to give 4a (46.0 mg, 0.173 mmol, 82%, 94:6 er) as a white solid: Rf = 0.32 (silica gel,
toluene/EtOAC = 2/1); m.p. 52-54 °C; [a]p? -27.5 (c 1.00, CHCIs); IR (KBr) 3409 (O-H), 3280
(O—H), 2240 (C=C), 1638 (C=0) cm'*; *H NMR (300 MHz, CDCl3) & 7.98 (brs, 1H, NH), 7.47-7.26 (m,
10H, ArH), 7.12 (t, J = 6.3 Hz, ArH), 4.95 (dd, J = 6.3, 9.6 Hz, 2H, CH), 357 (d, J = 3.6 Hz, 1H, OH),
2.90-2.68 (M, 2H, CHy); *.C NMR (75 MHz, CDCls) § 151.5 (C), 142.1 (C), 137.3 (C), 128.9 (CH),
128.5 (CH), 128.0 (CH), 125.7 (CH), 124.8 (CH), 120.1 (CH), 85.7 (C), 77.7 (C), 71.8 (CH), 29.4
(CHy). Anal. Calcd for C17H1sNO2: C, 76.96; H, 5.70; N, 5.28. Found: C, 77.17; H, 6.06; N, 5.66. The
enantiomeric excess was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH =

95/5), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) = 39.4 min, tr (minor) = 45.0 min.

Synthesis and characterization of 4b

The reaction of decanal (30.0 mg, 0.192 mmol) with 1a (1.2 eg., 103 mg, 0.230 mmol) was performed at
room temperature for 18 h. The crude material was purified by column chromatography (10% wi/w
K>COz-silica gel, hexane/EtOAc = 6/1 to 4/1 to 2/1) to give 4b (39.9 mg, 0.126 mmol, 66%, 80:20 er)
as a white solid: Rs = 0.23 (silica gel, hexane/EtOAc = 2/1); m.p. 51-53 °C; [o]p?* -4.3 (c 0.750,
CHCl3); IR (KBr) 3292 (O-H), 2238 (C=C), 1645 (C=0) cm'}; H NMR (300 MHz, CDCls) 5 8.29
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(brs, 1H, NH), 7.50 (d, J = 7.5 Hz, 2H, ArH), 7.30 (t, J = 7.5 Hz, 2H, ArH), 7.11 (t, J = 7.5 Hz, 1H,
ArH), 3.86 (brs, 1H, CH), 3.54 (brs, 1H, OH), 2.59 (dd, J = 17.1, 4.2 Hz, 1H, CH>), 2.44 (dd, J =
17.1, 6.3 Hz, 1H, CHy), 1.65-1.25 (m, 16H, CHy), 0.88 (t, J = 6.6 Hz, 3H, CHz); 13C NMR (75 MHz,
CDCl3) § 151.1 (C), 137.3 (C), 129.0 (CH), 124.8 (CH), 119.9 (CH), 85.5 (C), 77.8 (C), 69.7 (CH),
36.5 (CH2), 31.9 (CH2), 29.6 (CH2), 29.53 (CHy), 29.46 (CH>), 29.3 (CHy), 27.6 (CH2), 25.7 (CHy2),
22.7 (CH>), 14.1 (CHa). Anal. Calcd for C2oH29NO2: C, 76.15; H, 9.27; N, 4.44. Found: C, 76.48; H,
9.32; N, 4.70. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak IC column
(hexane/EtOH = 90/10), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) = 11.5 min, tr

(minor) = 14.5 min.

Synthesis and characterization of 4c

The reaction of pivalaldehyde (16.4 mg, 0.190 mmol) with 1a (1.2 eq., 102 mg, 0.228 mmol) was
performed at room temperature for 18 h. The crude material was purified by column chromatography
(10% wiw K>COs-silica gel, CHCIs/EtOAC = 5/1) to give 4c (34.6 mg, 0.141 mmol, 74%, 83:17 er)
as a white solid: Rf = 0.25 (silica gel, hexane/EtOAc = 2/1); m.p. 49-51 °C; [a]o® -22.6 (c 0.250,
CHClIs); IR (KBr) 3266 (O-H), 2239 (C=C), 1646 (C=0) cm™*; *H NMR (300 MHz, CDCls) 5 8.32 (s,
1H, NH), 7.51 (d, J = 7.5 Hz, 2H, ArH), 7.30 (d, J = 7.5 Hz, 3H, ArH), 7.10 (t, J = 7.5 Hz, 1H, ArH),
3.51(d, J = 9.9 Hz, 1H, CH), 3.25 (brs, 1H, OH), 2.53 (dd, J = 1.8, 17.1 Hz, 1H, CH>), 2.35 (dd, J =
9.9, 17.1 Hz, 1H, CHy), 0.90 (s, 9H, CHs); ¥C NMR (75 MHz, CDClz) § **C NMR (75 MHz,
CD30D) § 153.9 (C), 137.7 (C), 130.2 (CH), 125.9 (CH), 121.4 (CH), 89.1 (C), 79.0 (CH), 77.8 (C),
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36.4 (C), 26.4 (CHs), 23.7 (CH2). Anal. Calcd for C1sH19NO2: C, 73.44; H, 7.81; N, 5.71. Found: C,
73.18; H, 7.84; N, 5.43. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak
IC column (hexane/EtOH = 95/5), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) =22.9 min,

tr (minor) = 25.2 min.

Synthesis and characterization of 4d

The reaction of p-tolaldehyde (22.8 mg, 0.190 mmol) with la (1.2 eq., 102 mg, 0.228 mmol) was
performed at room temperature for 18 h. The crude material was purified by column chromatography
(10% wiw K>COs-silica gel, hexane/EtOAc = 6/1 to 2/1) to give 4d (36.9 mg, 0.132 mmol, 70%,
87:13 er) as a white solid: Rf = 0.21 (silica gel, hexane/EtOAc = 2/1); m.p. 57-58 °C; [a]p** -19.1 (c
1.00, CHCI3); IR (KBr) 3449 (O-H), 3276 (O—H), 2236 (C=C), 1642 (C=0) cm™; 'H NMR (300
MHz, CDCls) & 7.69 (brs, 1H, NH), 7.46 (d, J = 7.8 Hz, 2H, ArH), 7.33-7.27 (m, 4H, ArH),
7.19-7.09 (m, 3H, ArH), 4.94 (brs, 1H, CH), 2.92 (d, J = 2.7 Hz, 1H, OH), 2.85-2.71 (m, 2H, CH>),
2.35 (s, 3H, CHs); *°C NMR (75 MHz, CDCls3) § 151.2 (C), 139.2 (C), 137.9 (C), 137.3 (C), 129.2
(CH), 128.9 (CH), 125.6 (CH), 124.8 (CH), 120.0 (CH), 85.4 (C), 77.7 (C), 71.8 (CH), 29.4 (CH,),
21.1 (CHa). Anal. Calcd for C1gH17NO2: C, 77.40; H, 6.13; N, 5.01. Found: C, 77.00; H, 5.78; N, 5.07.
The enantiomeric excess was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH

= 95/5), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) = 36.0 min, tr (Minor) = 39.4 min.

Synthesis and characterization of 4e

The reaction of p-anisaldehyde (28.0 mg, 0.206 mmol) with 1a (1.2 eg., 111 mg, 0.247 mmol) was
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performed at room temperature for 18 h. The crude material was purified by column chromatography
(10% w/w K>COs-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4e (45.8 mg, 0.155 mmol,
75%, 90:10 er) as a white solid: Ry = 0.11 (silica gel, hexane/EtOAc = 2/1); m.p. 101-102 °C; [a]p?*
-18.3 (¢ 1.00, CHCI3); IR (KBr) 3484 (O-H), 3263 (O-H), 2237 (C=C), 1647 (C=0) cm™}; 'H NMR
(300 MHz, CDCl3) & 8.18 (brs, 1H, NH), 7.44 (d, J = 7.8 Hz, 2H, ArH), 7.29-7.24 (m, 4H, ArH),
7.09 (t, J = 7.5 Hz, 1H, ArH), 6.85 (d, J = 8.7 Hz, 2H, ArH), 4.88 (t, J = 6.0 Hz, 1H, CH), 3.81 (s,
3H, CHa), 3.75 (brs, 1H, OH), 2.76 (dd, J = 7.2, 17.1 Hz, 1H, CH>), 2.69 (dd, J = 4.8, 17.1 Hz, 1H,
CHz); 3C NMR (75 MHz, CDCl3) § 159.3 (C), 151.2 (C), 137.3 (C), 134.3 (C), 129.0 (CH), 127.0
(CH), 124.8 (CH), 119.9 (CH), 113.9 (CH), 85.4 (C), 77.7 (C), 71.5 (CH), 55.2 (CH3), 29.4 (CH,).
Anal. Calcd for C1sH17NOz: C, 73.20; H, 5.80; N, 4.74. Found: C, 72.80; H, 5.44; N, 4.67. The
enantiomeric excess was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH =

92/8), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) = 35.6 min, tr (minor) = 38.8 min.

Synthesis and characterization of 4f

The reaction of p-chlorobenzaldehyde (28.1 mg, 0.200 mmol) with 1a (1.2 eg., 108 mg, 0.240 mmol) was
performed at room temperature for 18 h. The crude material was purified by column chromatography
(10% w/iw K>COs-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4f (43.4 mg, 0.145 mmol,
72%, 92:8 er) as a white solid: Rf = 0.16 (silica gel, hexane/EtOAc = 2/1); m.p. 103-104 °C; [o]p?*
-27.1 (¢ 1.00, CHCI3); IR (KBr) 3247 (O-H), 3256 (O-H), 2241 (C=C), 1639 (C=0) cm*; 'H NMR
(300 MHz, CDCls) 5 7.87 (brs, 1H, NH), 7.44 (d, J = 7.8 Hz, 2H, ArH), 7.32-7.27 (m, 6H, ArH),
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7.12 (t, J = 7.5 Hz, 1H, ArH), 4.94 (m, 1H, CH), 3.66 (d, J = 3.6 Hz, 1H, OH), 2.74 (d, J = 6.0 Hz,
2H, CH.); 3C NMR (75 MHz, CDCl3) § 151.0 (C), 140.6 (C), 137.1 (C), 133.8 (C), 129.0 (CH),
128.7 (CH), 127.1 (CH), 125.0 (CH), 120.0 (CH), 84.9 (C), 77.9 (C), 71.2 (CH), 29.6 (CH>). Anal.
Calcd for Ci7H14CINO2: C, 68.12; H, 4.71; N, 4.67. Found: C, 67.76; H, 4.86; N, 4.59. The
enantiomeric excess was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH =

95/5), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) = 28.9 min, tr (minor) = 32.1 min.

Synthesis and characterization of 4g

The reaction of o-tolaldehyde (25.0 mg, 0.208 mmol) with 1la (1.2 eq., 112 mg, 0.250 mmol) was
performed at room temperature for 18 h. The crude material was purified by column chromatography
(10% w/w K>COz-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4g (45.3 mg, 0.162 mmol,
78%, 90:10 er) as a white solid: Ry = 0.22 (silica gel, hexane/EtOAc = 2/1); m.p. 117-119 °C; [a]o?
-42.2 (¢ 0.500, CHCls); IR (KBr) 3250 (O-H), 2232 (C=C), 1638 (C=0) cm™; *H NMR (300 MHz,
CDCls) 5 8.18 (brs, 1H, NH), 7.52-7.42 (m, 3H, ArH), 7.30-7.06 (m, 6H, ArH), 5.16 (brs, 1H, CH),
3.76 (brs, 1H, OH), 2.70 (d, J = 6.0 Hz, 2H, CH>), 2.30 (s, 3H, CHs); 3C NMR (75 MHz, CDCls) &
151.3 (C), 140.1 (C), 137.2 (C), 134.4 (C), 130.5 (CH), 128.9 (CH), 127.8 (CH), 126.3 (CH), 125.0
(CH), 124.8 (CH), 120.0 (CH), 85.7 (C), 77.5 (C), 68.4 (CH), 28.3 (CH2), 18.9 (CHs). Anal. Calcd for
C18H17NO2: C, 77.40; H, 6.13; N, 5.01. Found: C, 77.31; H, 6.14; N, 4.88. The enantiomeric excess
was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH = 95/5), flow rate 0.5
mL/min, UV detection 254 nm, tr (major) = 31.3 min, tr (minor) = 34.1 min.
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Synthesis and characterization of 4h

The reaction of o-anisaldehyde (13.2 mg, 0.0970 mmol) with 1a (1.2 eq., 52.1 mg, 0.116 mmol) was
performed at room temperature for 18 h. The crude material was purified by column chromatography
(10% w/w K.COs-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4h (22.1 mg, 0.0748 mmol,
77%, 90:10 er) as a pale yellow oil: R = 0.21 (silica gel, hexane/EtOAc = 2/1); [a]o? -16.6 (c 0.250,
CHCls); IR (NaCl) 3379 (O-H), 3276 (O-H), 2234 (C=C), 1645 (C=0) cm™*; 'H NMR (300 MHz,
CDCls) § 7.48 (d, J = 9.0 Hz, 2H, ArH), 7.41 (dd, J = 1.8, 7.5 Hz, 1H, ArH), 7.35-7.25 (m, 3H,
ArH), 7.12 (t, J = 7.5 Hz, 1H, ArH), 7.01 (t, J = 7.5 Hz, 1H, ArH), 6.91 (d, J = 8.1 Hz, 1H, ArH),
5.16 (m, 1H, CH), 3.88 (s, 3H, CHs), 3.05 (d, J = 6.3 Hz, 1H, OH), 2.91 (dd, J = 5.1, 17.1 Hz, 1H,
CHgs), 2.83 (dd, J = 9.3, 17.1 Hz, 1H, CHs); *C NMR (75 MHz, CDCl3) § 156.1 (C), 151.2 (C),
137.5(C), 130.0 (C), 129.0 (CH), 126.7 (CH), 124.7 (CH), 120.8 (CH), 119.9 (CH), 110.5 (CH), 85.7
(C), 77.6 (C), 68.6 (CH), 55.3 (CH3), 27.7 (CH2). Anal. Calcd for C1gH17NOs: C, 73.20; H, 5.80; N,
4.74. Found: C, 73.06; H, 5.86; N, 5.00. The enantiomeric excess was determined by HPLC with a
Daicel Chiralpak IC column (hexane/EtOH = 95/5), flow rate 0.5 mL/min, UV detection 254 nm, tr

(major) = 42.3 min, tr (minor) = 48.7 min.

Synthesis and characterization of 4i

The reaction of o-chlorobenzaldehyde (13.2 mg, 0.0970 mmol) with 1a (1.2 eg., 52.1 mg, 0.116 mmol)
was performed at room temperature for 18 h. The crude material was purified by column

chromatography (10% w/w K>COs-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4i (22.4 mg,
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0.0747 mmol, 77%, 81:19 er) as a white solid: Rf = 0.32 (silica gel, hexane/EtOAc = 2/1); m.p.
65-67 °C; [a]o? -40.8 (c 0.250, CHCIs); IR (NaCl) 3379 (O-H), 3275 (O—H), 2236 (C=C), 1645
(C=0) cm™; 'H NMR (300 MHz, CDCl3) § 7.89 (s, 1H, NH), 7.65 (dd, J = 1.5, 7.5 Hz, 1H, ArH),
7.46 (d, J = 8.1 Hz, 2H, ArH), 7.35-7.20 (m, 5H, ArH), 7.11 (t, J = 7.5 Hz, 1H, ArH), 5.38 (m, 1H,
CH), 3.66 (d, J = 3.8 Hz, 1H, OH), 2.91 (dd, J = 3.9, 17.1 Hz, 1H, CHa), 2.72 (dd, J = 7.5, 17.1 Hz,
1H, CHs); 3C NMR (75 MHz, CDCls) § 151.3 (C), 139.5 (C), 137.2 (C), 131.4 (C), 129.4 (CH),
129.03 (CH), 128.96 (CH), 127.2 (CH), 127.0 (CH), 124.9 (CH), 120.0 (CH), 85.2 (C), 77.7 (C), 68.4
(CH), 27.9 (CH>). Anal. Calcd for C17H14CINO2: C, 68.12; H, 4.71; N, 4.67. Found: C, 67.79; H,
4.82; N, 5.02. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak IC column
(hexane/EtOH = 98/2), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) = 77.6 min, tr (minor)

= 84.7 min.

Synthesis and characterization of 4j

The reaction of o-(tert-butyldimethylsilyloxy)benzaldehyde (47.3 mg, 0.200 mmol) with 1a (1.2 eq.,
107 mg, 0.240 mmol) was performed at room temperature for 18 h. The crude material was purified by
column chromatography (10% w/w K>COs-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4j
(72.0 mg, 0.182 mmol, 91%, 97:3 er) as a white solid: Rf=0.23 (silica gel, hexane/EtOAc = 2/1); m.p.
103-104 °C; [a]p®* -45.6 (c 0.500, CHClIs); IR (KBr) 3387 (O—H), 2234 (C=C), 1631 (C=0) cm*; H
NMR (300 MHz, CDCls) § 7.74 (brs, 1H, NH), 7.46-7.49 (m, 3H, ArH), 7.30 (t, J = 7.5 Hz, 2H,
ArH), 7.22-7.08 (m, 2H, ArH), 7.00 (t, J = 7.5 Hz, 1H, ArH), 6.82 (d, J = 8.1 Hz, 1H, ArH), 5.23
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(m, 1H, CH), 3.88 (s, 3H, CHa3), 3.27 (d, J = 4.5 Hz, 1H, OH), 2.89 (dd, J = 4.5, 17.1 Hz, 1H, CHs),
2.75 (dd, J = 7.5, 17.1 Hz, 1H, CHa), 1.02 (s, 9H, CHs), 0.28 (s, 9H, CH3); 3C NMR (75 MHz,
CDCl3) § 152.1 (C), 151.0 (C), 137.4 (C), 132.3 (C), 129.0 (CH), 128.7 (CH), 126.6 (CH), 124.7
(CH), 121.3 (CH), 119.8 (CH), 118.1 (CH), 85.3 (C), 77.6 (C), 67.7 (CH), 27.9 (CH2), 25.8 (CHa),
18.2 (C), -4.0 (CHs), -4.3 (CHs). Anal. Calcd for C23H20NOsSi: C, 69.84; H, 7.39; N, 3.54. Found: C,
69.56; H, 7.40; N, 3.66. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak
IC column (hexane/EtOH = 97/3), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) = 24.1 min,

tr (minor) = 27.0 min.

Synthesis and characterization of 4k

The reaction of o-[(triisopropylsilyl)oxy]benzaldehyde (55.7 mg, 0.200 mmol) with 1a (1.2 eq., 108 mg,
0.240 mmol) was performed at room temperature for 18 h. The crude material was purified by column
chromatography (10% w/w K>COz-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4k (79.6 mg,
0.182 mmol, 91%, 96:4 er) as a white solid: Rf = 0.27 (silica gel, hexane/EtOAc = 2/1); m.p.
146-147 °C; [a]p® -57.2 (c 1.00, CHCIs); IR (KBr) 3367 (O-H), 3269 (O-H), 2240 (C=C), 1644
(C=0) cm™; *H NMR (300 MHz, CDCl3) § 7.75 (s, 1H, NH), 7.49-7.47 (m, 3H, ArH), 7.30 (t, J=7.5
Hz, 2H, ArH), 7.20-7.08 (m, 2H, ArH), 6.98 (t, J = 7.5 Hz, 1H, ArH), 6.82 (d, J = 8.1 Hz, 1H, ArH),
5.29 (t, J = 3.3 Hz, 1H, CH), 3.25 (s, 1H, OH), 2.92 (dd, J = 4.2, 17.1 Hz, 1H), 2.76 (dd, J = 7.8, 17.1
Hz, 1H), 1.40-1.26 (m, 3H, CH), 1.13 (d, J = 7.5 Hz, 9H, CHz), 1.12 (d, J = 7.2 Hz, 9H, CHa); 13C
NMR (75 MHz, CDCl3) § 152.5 (C), 150.9 (C), 137.3 (C), 131.8 (C), 129.0 (CH), 128.7 (CH), 126.5

S17



(CH), 124.7 (CH), 121.0 (CH), 119.8 (CH), 117.8 (CH), 85.3 (C), 77.6 (C), 67.9 (CH), 27.8 (CH>),
18.1 (CHs), 13.0 (CH). Anal. Calcd for C26H3sNOsSi: C, 71.35; H, 8.06; N, 3.20. Found: C, 71.38; H,
7.75; N, 3.37. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak IC column
(hexane/EtOH = 97/3), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) = 24.3 min, tr (minor)

=26.9 min.

Synthesis and characterization of 41

The reaction of o-(tert-butyldiphenylsilyloxy)benzaldehyde (70.2 mg, 0.195 mmol) with 1a (1.2 eq.,
104 mg, 0.234 mmol) was performed at room temperature for 18 h. The crude material was purified by
column chromatography (10% w/w K>COs-silica gel, hexane/EtOAc = 8/1 to 4/1) to give 41 (90.5 mg,
0.174 mmol, 89%, 98:2 er) as a white solid: Rf = 0.33 (silica gel, hexane/EtOAc = 2/1); m.p.
114-116 °C; [o]po® -44.1 (c 1.00, CHCI3); IR (KBr) 3275 (O-H), 2236 (C=C), 1739 (C=0), 1637
(C=0) cm™; 'H NMR (300 MHz, CDCls) § 7.73-7.67 (m, 4H, ArH), 7.61 (nrs, 1H, NH), 7.53-7.27
(m, 11H, ArH), 7.11 (t, J = 7.5 Hz, 1H, ArH), 6.95-6.84 (m, 2H, ArH), 6.47 (dd, J = 1.2, 8.1 Hz, 1H,
ArH), 5.52 (m, 1H, CH), 3.13 (d, J = 4.8 Hz, 1H, OH), 3.05 (dd, J = 4.2, 17.1 Hz, 1H, CH>), 2.88
(dd, J = 7.5, 17.1 Hz, 1H, CHy), 1.12 (s, 9H, CHs); 3C NMR (75 MHz, CDCls) § 151.8 (C), 151.1
(C), 137.3 (C), 135.3 (CH), 135.2 (CH), 132.1 (C), 131.9 (C), 131.8 (C), 130.12 (CH), 130.08 (CH),
128.9 (CH), 128.3 (CH), 128.0 (CH), 127.9 (CH), 126.3 (CH), 124.7 (CH), 121.3 (CH), 119.9 (CH),
118.9 (CH), 85.5 (C), 77.8 (C), 67.5 (CH), 28.2 (CH), 26.6 (CHs), 19.4 (C). Anal. Calcd for
Ca3H33NOsSi: C, 76.27; H, 6.40; N, 2.70. Found: C, 76.28; H, 6.61; N, 2.86. The enantiomeric excess
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was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH = 98/2), flow rate 0.5

mL/min, UV detection 254 nm, tr (major) = 40.5 min, tr (minor) = 45.5 min.

Synthesis and characterization of 4m

The reaction of m-(tert-butyldiphenylsilyloxy)benzaldehyde (72.1 mg, 0.200 mmol) with 1a (1.2 eq.,
108 mg, 0.240 mmol) was performed at room temperature for 18 h. The crude material was purified by
column chromatography (10% w/w K>COz-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4m
(83.3 mg, 0.160 mmol, 80%, 91:9 er) as a yellow oil: R = 0.28 (silica gel, hexane/EtOAc = 2/1);
[0]p?® -12.4 (¢ 1.00, CHCI3); IR (NaCl) 3375 (O-H), 3278 (O-H), 2233 (C=C), 1648 (C=0) cm™’; *H
NMR (300 MHz, CDCls) § 7.70-7.65 (m, 5H, ArH, NH), 7.45-7.29 (m, 10H, ArH), 7.12-7.04 (m,
2H, ArH), 6.88 (d, J = 7.8 Hz, 1H, ArH), 6.75-6.69 (m, 2H, ArH), 4.74 (brs, 1H, CH), 2.76 (d, J =
3.0 Hz, 1H, OH), 2.62-2.48 (m, 2H, CH>), 1.10 (s, 9H, CHa); *3C NMR (75 MHz, CDCl3) § 155.6
(C), 150.8 (C), 143.5 (C), 137.2 (C), 135.5 (CH), 132.6 (CH), 130.0 (CH), 129.4 (CH), 129.0 (CH),
127.8 (CH), 124.8 (CH), 119.8 (CH), 119.6 (CH), 118.4 (CH), 117.0 (CH), 84.9 (C), 77.6 (C), 71.7
(CH), 29.3 (CHy), 26.5 (CHs3), 19.4 (C). Anal. Calcd for Cs3H33sNOsSi: C, 76.27; H, 6.40; N, 2.70.
Found: C, 76.55; H, 6.41; N, 2.95. The enantiomeric excess was determined by HPLC with a Daicel
Chiralpak I1C column (hexane/EtOH = 97/3), flow rate 0.5 mL/min, UV detection 254 nm, tr (major)

= 31.3 min, tr (Minor) = 38.7 min.

Synthesis and characterization of 4n

The reaction of p-(tert-butyldiphenylsilyloxy)benzaldehyde (72.1 mg, 0.200 mmol) with 1a (1.2 eq.,
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108 mg, 0.240 mmol) was performed at room temperature for 18 h. The crude material was purified by
column chromatography (10% w/w K>COz-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4n
(83.6 mg, 0.161 mmol, 80%, 92:8 er) as a white solid: R = 0.25 (silica gel, hexane/EtOAc = 2/1); m.p.
66-68 °C; [a]p? -7.2 (c 1.00, CHCIs); IR (KBr) 3371 (O-H), 3277 (O-H), 2233 (C=C), 1647 (C=0)
cm™; H NMR (300 MHz, CDCls) & 7.88 (brs, 1H, NH), 7.71-7.68 (m, 4H, ArH), 7.44-7.06 (m, 13H,
ArH), 6.73 (d, J = 8.4 Hz, 2H, ArH), 4.79 (brs, 1H, CH), 3.18 (brs, 1H, OH), 2.68-2.65 (m, 2H,
CHa), 1.09 (s, 9H, CHs); 3C NMR (75 MHz, CDCl3) § 155.5 (C), 151.0 (C), 137.3 (C), 135.4 (CH),
134.6 (C), 132.7 (C), 129.9 (CH), 129.0 (CH), 127.8 (CH), 126.7 (CH), 124.8 (CH), 119.9 (CH),
119.7 (CH), 85.2 (C), 77.6 (C), 71.6 (CH), 29.4 (CH), 26.4 (CHs), 19.4 (C). Anal. Calcd for
Ca3H33NOsSi: C, 76.27; H, 6.40; N, 2.70. Found: C, 76.61; H, 6.43; N, 2.91. The enantiomeric excess
was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH = 97/3), flow rate 0.5

mL/min, UV detection 254 nm, tr (major) = 48.5 min, tgr (minor) = 54.3 min.

Synthesis and characterization of 40

The reaction of o-(tert-butyldiphenylsilyloxy)benzaldehyde (35.0 mg, 0.0970 mmol) with 1b (1.2 eq.,
56.0 mg, 0.116 mmol) was performed at room temperature for 18 h. The crude material was purified by
column chromatography (10% w/w K>COsz-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 40
(46.6 mg, 0.0841 mmol, 87%, 95:5 er) as a white solid: Rt = 0.47 (silica gel, hexane/EtOAc = 2/1);
m.p. 82-83 °C; [a]o* -31.2 (¢ 1.00, CHCls); IR (KBr) 3375 (O-H), 3278 (O-H), 2233 (C=C), 1648
(C=0) cm; *H NMR (300 MHz, CDCl3) § 7.80 (brs, 1H), 7.71-7.67 (m, 4H), 7.51-7.33 (m, 9H),
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7.26-7.23 (m, 2H), 6.94-6.84 (m, 2H), 6.47 (dd, J = 7.5, 1.5 Hz, 1H), 5.52 (brs, 1H), 3.25 (brs, 1H),
3.04 (dd, J = 4.2, 17.1 Hz, 1H), 2.89 (dd, J = 7.5, 17.1 Hz, 1H), 1.12 (s, 9H); 13C NMR (75 MHz,
CDCl3) § 151.9 (C), 150.8 (C), 135.9 (CH), 135.31 (CH), 135.26 (CH), 132.0 (C), 131.8 (C), 130.2
(CH), 129.7 (C), 129.0 (CH), 128.5 (CH), 128.02 (CH), 127.98 (CH), 126.3 (CH), 121.4 (CH), 121.0
(CH), 119.1 (CH), 85.7 (C), 77.6 (C), 67.8 (CH), 28.1 (CHz), 26.6 (CH3), 19.4 (C). Anal. Calcd for
Cs3H3CINOsSi: C, 71.53; H, 5.82; N, 2.53. Found: C, 71.82; H, 5.63; N, 2.46. The enantiomeric
excess was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH = 98/2), flow rate

0.5 mL/min, UV detection 254 nm, tr (major) = 26.7 min, tr (Minor) = 29.9 min.

Synthesis and characterization of 4p

The reaction of o-(tert-butyldiphenylsilyloxy)benzaldehyde (35.0 mg, 0.0970 mmol) with 1c (1.2 eq.,
55.5mg, 0.116 mmol) was performed at room temperature for 18 h. The crude material was purified by
column chromatography (10% w/w K>COs-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4p
(47.3 mg, 0.0860 mmol, 89%, 96:4 er) as a white solid: Rf = 0.29 (silica gel, hexane/EtOAc = 2/1);
m.p. 153-154 °C; [a]o?! -31.2 (¢ 1.00, CHCIs); IR (KBr) 3371 (O-H), 3285 (O-H), 2241 (C=C),
1638 (C=0) cm™*; *H NMR (300 MHz, CDCls) § 7.72-7.68 (m, 4H, ArH), 7.58-7.33 (m, 9H, ArH),
6.95-6.81 (m, 4H, ArH), 6.47 (d, J = 7.8 Hz, 1H, ArH), 5.51 (brs, 1H, CH), 3.78 (s, 3H, CHa), 3.15
(brs, 1H, OH), 3.04 (d, J = 4.5, 17.1 Hz, 1H, CH>), 2.88 (d, J = 7.5, 17.1 Hz, 1H, CHy), 1.12 (s, 9H,
CHz); *3C NMR (75 MHz, CDCl3) § 156.7 (C), 151.9 (C), 150.9 (C), 135.5 (C), 135.42 (CH), 135.36
(CH), 135.2 (CH), 132.1 (C), 131.93 (C), 131.85 (C), 130.4 (CH), 130.1 (CH), 128.4 (CH), 128.0
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(CH), 126.4 (CH), 121.7 (CH), 121.3 (CH), 119.0 (CH), 114.1 (CH), 85.0 (C), 77.9 (C), 67.8 (CH),
67.7 (CH), 55.5 (CHs), 55.4 (CHs), 28.2 (CHy), 26.7 (CHs), 26.5 (CHa), 19.4 (C). Anal. Calcd for
Ca4H3sNO4SI: C, 74.28; H, 6.42; N, 2.55. Found: C, 74.14; H, 6.39; N, 2.95. The enantiomeric excess
was determined by HPLC with a Daicel Chiralpak IC column (hexane/EtOH = 98/2), flow rate 0.5

mL/min, UV detection 254 nm, tr (major) = 100.8 min, tr (Minor) = 108.4 min.

Synthesis and characterization of 4q

The reaction of o-(tert-butyldiphenylsilyloxy)benzaldehyde (35.0 mg, 0.0970 mmol) with 1d (1.2 eq.,
53.6 mg, 0.116 mmol) was performed at room temperature for 18 h. The crude material was purified by
column chromatography (10% w/w K>COs-silica gel, hexane/EtOAc = 6/1 to 4/1 to 1/1) to give 4q
(45.1 mg, 0.0845 mmol, 87%, 97:3 er) as a white solid: Rf = 0.41 (silica gel, hexane/EtOAc = 2/1);
m.p. 149-150 °C; [a]po® -37.4 (c 1.00, CHCIs); IR (KBr) 3275 (O-H), 2236 (C=C), 1627 (C=0) cm™;
IH NMR (300 MHz, CDCls) § 7.72-7.67 (m, 4H, ArH), 7.58 (brs, 1H, NH), 7.52-7.33 (m, 9H, ArH),
7.10 (d, J = 8.4 Hz, 2H, ArH), 6.95-6.84 (m, 2H, ArH), 6.61 (d, J = 6.6 Hz, 1H, ArH), 5.51 (brs, 1H,
CH), 3.13 (brs, 1H, OH), 3.04 (d, J = 4.5, 17.1 Hz, 1H, CH>), 2.87 (d, J = 7.5, 17.1 Hz, 1H, CH>),
2.30 (s, 3H, CHa), 1.12 (s, 9H, CHs); 3C NMR (75 MHz, CDCls) § 151.9 (C), 150.7 (C), 135.32
(CH), 135.27 (CH), 134.8 (C), 134.5 (C), 132.1 (C), 132.1 (C), 131.9 (C), 130.2 (CH), 129.5 (CH),
128.4 (CH), 128.0 (CH), 126.4 (CH), 121.3 (CH), 119.9 (CH), 119.1 (CH), 84.9 (C), 77.8 (C), 67.7
(CH), 28.2 (CH2), 26.6 (CH3), 20.9 (CH3) 19.4 (C). Anal. Calcd for C3sH3sNOsSi: C, 76.51; H, 6.61;
N, 2.62. Found: C, 76.31; H, 6.68; N, 2.96. The enantiomeric excess was determined by HPLC with a
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Daicel Chiralpak IC column (hexane/EtOH = 98/2), flow rate 0.5 mL/min, UV detection 254 nm, tr

(major) = 58.2 min, tr (minor) = 62.7 min.

Synthesis and characterization of 5a

To a solution of 4a (85.1 mg, 0.321 mmol, 94:6 er) in MeOH (0.64 mL) was added 5% Rh-Al>O3
(21.2 mg,). The resulting suspension was stirred for 1 hour under a hydrogen atmosphere at room
temperature. The catalyst was removed by filtration through a pad of Celite and washed with EtOAc.
The solvent was removed in vacuo and the residue was roughly purified by column chromatography
(silica gel, hexane/EtOAc = 3/1 to 0/1) to give a crude material (78.1 mg). To a solution of this
material in dry dichloromethane (1.5 mL) was added p-toluenesulfonic acid (monohydrate, 59.2 mg,
0.290 mmol). After stirring at room temperature for 4 hours, the reaction was quenched by addition
of saturated aqueous NaHCOs3 (5 mL). The resulting mixture was extracted with EtOAc (20 mLx3),
and the combined organic extracts were washed with brine (5 mL), dried over Na>SOsa, filtered, and
concentrated in vacuo to give a crude material. This material was purified by column chromatography
(silica gel, hexane/EtOAc = 5/1 to 3/1) to give 5a (44.5 mg, 0.253 mmol, 79%, 95:5 er) as a white
solid: Rf = 0.52 (silica gel, hexane/EtOAc = 1/1); m.p. 59-61 °C; [a]o? -32.6 (¢ 1.00, CHCIs3); IR
(KBr) 1719 (C=0) cm™; 'H NMR (300 MHz, CDCl3) § 7.41-7.29 (m, 5H, ArH), 5.35 (dd, J = 3.0, 10.2 Hz,
1H, CH), 2.73-2.50 (m, 2H, CHy), 2.16 (m, 1H, CHy), 2.02-1.79 (m, 3H, CHy); 13C NMR (75 MHz, CDCl3) §
171.2 (C), 139.6 (C), 128.4 (CH), 128.1 (CH), 125.6 (CH), 81.5 (CH), 30.4 (CHy), 29.3 (CHy), 18.4
(CH2). Anal. Calcd for C11H1202: C, 74.98; H, 6.86; N, 0.00. Found: C, 74.58; H, 6.53; N, 0.00.
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Synthesis and characterization of 7

To a solution of 40 (20.0 mg, 0.0361 mmol, 95:5 er) in THF (0.18 mL) was added a solution of
tetra-n-butylammonium fluoride (TBAF, 1.0 M in THF, 0.11 mL, 0.11 mmol) at 0 °C. After stirring
at the same temperature for 10 min, the reaction was quenched by addition of water (10 mL). The
resulting mixture was extracted with EtOAc (20 mLx3), and the combined organic extracts were
washed with brine (5 mL), dried over Na>SOs, filtered, and concentrated in vacuo to give a crude
material. This material was purified by column chromatography (silica gel, hexane/EtOAc = 2/1) to
give 7 (9.8 mg, 0.0310 mmol, 86%, 93:7 er) as a white solid: Rs = 0.32 (silica gel, hexane/EtOAc =
1/1); m.p. 109-111 °C; [a]p® -34.5 (c 0.25, MeOH); IR (KBr) 3631 (O-H), 3457 (O-H), 2238 (C=C),
1638 (C=0) cm*; *H NMR (300 MHz, CD3s0D) & 7.56-7.51 (m, 2H, ArH), 7.38 (dd, J = 1.5, 7.5 Hz, 1H,
ArH), 7.31-7.26 (m, 2H, CH, ArH), 7.09 (dt, J = 1.5, 7.5 Hz, 1H, ArH), 6.84 (dt, J = 0.9, 7.5 Hz, 1H, ArH), 6.76
(dd, J=0.9, 8.1 Hz, 1H, ArH), 5.21 (dd, J=4.2, 7.5 Hz, 1H, CH), 2.90 (dd, J = 4.5, 17.1 Hz, 1H, CHy), 2.72 (dd,
J=75,17.1 Hz, 1H, CHy); *C NMR (75 MHz, CD3s0D) § 155.2 (C), 153.5 (C), 138.3 (C), 130.4 (C),
130.3 (C), 129.9 (CH), 129.5 (CH), 127.4 (CH), 122.4 (CH), 120.5 (CH), 116.0 (CH), 87.7 (C), 77.7
(C), 68.5 (CH), 28.5 (CH2). Anal. Calcd for C17H16CINO4: C, 61.18; H, 4.83; N, 4.20. Found: C,
61.55; H, 5.21; N, 4.25. The enantiomeric excess was determined by HPLC with a Daicel Chiralpak
IG column (hexane/EtOH = 80/20), flow rate 0.5 mL/min, UV detection 254 nm, tr (major) = 21.7

min, tr (Minor) = 14.9 min.
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 95/5; Flow rate:

0.5 mL/min; UV detection: 254 nm. 0]
OH
Z~ “NHPh
Racemate of 4a
IF (-)-4a
I;', TIME AREA HETGHT MK [DNO CONC
; 6.369 925 117 0. 2053
7.025 993 138 0. 2204
11.854 780 56 0.1731
39,188 236380 1885 52,4543
o ‘ 11.855 211562 3827 16. 9469
TOTAL 450640 9023 106

Enantiomerically enriched (-)—4a (94:6 er)

T IVE \REA HEIGHT MK IDNO  CONC
6.967 1940 253 0.4273
13.412 2325 104 0.5122
39. 364 120415 8553 92.6231
B g 15. 027 29219 523 6.4373
TOTAL 153899 9434 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 90/10; Flow rate:

0.5 mL/min; UV detection: 254 nm. e}

Racemate of 4b CoHig

|
i
(. IVE AREA HEIGHT MK IDNO  CONC
i

Q pAlll _]:jj 224 1.38.144

- | [1.487 56757 3663 19. 3358

he N\ 14.528 56692 2861 19. 2799
TOTAL 115042 6718 100

Enantiomerically enriched (-)—4b (80:20 er)

AREA HE TGHT MK TDNO CONC

1075 165 0. 8201
232 23 0. 1774
208 19\ 0. 1591
=¥ 3 3961 235 ! 3.0285
F .75 201 13 0. 2228
ol 10.311 8575 58 % 0. 6549
| 10,727 741 13V 0. 5663
e g 11.455 98745 6486 75, 4037
14.48% 24691 1261 18.8773

TOTAL 130799 8304 106
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 95/5; Flow rate:

. . (@]
0.5 mL/min; UV detection: 254 nm. oH
o~ “NHPh
Racemate of 4c
(-)-4c
L I IME AREA HEIGHT MK IDNO  CON
6. 981 1139 164 1.1167%
8.517 106 11 0.1041
I 21.907 50193 1758 19. 5095
_— ' 23,895 50248 1613\ 19. 2696
TOTAL 101986 3546 106
Enantiomerically enriched (-)—4c (83:17 er)
[ 1ME AREA HE TGHT Mk TDNO CONI
T.04 1450 186 0.5116
9.142 511 3¢ 0. 18063
272,948 233511 15 S 3816
ke M e 25 181 17978 1483 y 16.9265
TOTAL 283451 9610 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 95/5; Flow rate:

0.5 mL/min; UV detection: 254 nm. e}

OH
// NHPh

Racemate of 4d

(-)-4d
TIME AREA HE IGHT MK ITDNO CONC
6.017 83 10 0. 0086
0. 167 210 11 V 0.0216
6. 878 3534 328 0.3641
13.583 1246 204 0.4375
17.458 4606 19 0.048
35. 954 480867 10440 19,5476
39.34 181110 9582 19. 5726
) S— - - -
TOTAL 970515 20655 100
Enantiomerically enriched (-)-4d (87:13 er)
1
i
TIME AREA HE TGHT MK 1DNO CONC
| 6,93 2214 233 0. 7268
2.133 3717 169 1.2202
13. 098 1334 18 ! 0.438
|1 & 24,892 740 30 0,243
= x [ 36. 003 257780 5628 84,622
- F 39. 357 38840 796 12.75
e o SN [ W S W .
TOTAL 304626 6904 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 92/8; Flow rate:

0.5 mL/min; UV detection: 254 nm. e}

OH
<;; NHPh

Racemate of 4e

(-)-de

[ TIME AREA HE TGHT MK IDNO CONC
I 6. 398 9714 1037 2.1221
' G. 582 1848 514 % 1. 09592
7.033 192 18 ! 0.0419
. 13.238 785 38 0.1714
5 . (1 19. 566 1196 193 0.9167
I 7 : L 35.61 218774 1514 17.7958
| I S < JU W 38832 219218 1157\ 47,8928
TOTAI 157727 10472 100
Enantiomerically enriched (-)-4e (90:10 er)
I
i TIME \REA HEIGHT M5 IDNO  CON
6.633 1692 236 0.9352
12.957 1508 60 0.8331
| 14.229 1689 166 0. 9337
I 35,597 158144 3299 87.4064
_— S 00 J\NA_ 38. 847 17897 352 9.8914
TOTAI 180930 1047 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 95/5; Flow rate:

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

OH
C;; NHPh

Racemate of 4f

Cl
(-)-4f

TIME AREA HETGHT MK IDNO CONC
6. 488 1202 386 0. 0852
). 852 5632 523 v 0.399
7.63 547 34 0. 0388
12.538 2851 75 0. 2022
i 14,002 188 10 0.0133
i || 28,816 698576 17100 19,1953
£z UL 2 31988 701595 15735 19,7092
— S " T 36,087 86 oy 0. 057
TOTAI 1411398 33677 100

Enantiomerically enriched (-)—4f (92:8 er)

TIVE \REA HE TGHT MK IDNO  CONC
. 6. 955 38 271 1.6427
o 7712 355 24 0. 2443
- 1 28,942 13134 3354 90. 1121
— N 37,8998 11188 265 7.701
TOTAI 145276 3914 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 95/5; Flow rate:

. . O
0.5 mL/min; UV detection: 254 nm.
OH
Z~ “NHPh
Racemate of 49
E | (-)-49
1 I IME AREA HEIGHT MK IDNO  CONC
[l 6. 786 258 31 0. 0666
[ 6. 982 824 107 % 0.2127
[l |1 7.561 216 14 0.0558
) i 11. 361 1041 77 0. 2689
£ (1] 31. 308 192742 1798 19. 7641
e — M 34,089 192230 1395\ 19. 6318
TOTAL 387311 9422 100
Enantiomerically enriched (-)-4q (90:10 er)
TINE ARFA HE TGHT MK TDNO CONC
6,017 08 8 0.034
6. 783 70 10 0.036
6. 978 710 96 ! 0. 3648
7.579 330 28 0.1695
9.957 2583 154 1.3277
= 11.381 792 37 0.4072
[l 7 31.302 171640 1294 88. 2335
R U\ 34,107 18337 436 9, 4265
TOTAL 194529 5063 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 95/5; Flow rate:

O

0.5 mL/min; UV detection: 254 nm.

OMe OH
// NHPh
Racemate of 4h
(-)-4h
TIMI \REA HE 1GHT MK IDNO CON
6.3 504 3873
6. 868 3121 351 2.3975
; 11,046 62900 1185 18. 3185
IS - — 17.787 63652 1022 18. 8967
[OTAI 130177 2580 Ut
Enantiomerically enriched (-)-4h (90:10 er)
[N \REA HEIGHT MK IDNO CON(
6. 333 188 3 0.1343
568 2078 179 V 875
6. 866 3896 1 0¢ \ 7888
12.304 2692 99 1. 9265
. 17.172 721 39 0.51
2 12. 289 116559 142 83.4315
L e o - 18. 655 1 573 ]r C *\'
[OTAI 1 397( 198 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 98/2; Flow rate:

. . O
0.5 mL/min; UV detection: 254 nm.
Cl OH
// NHPh
. (-)-4i
Racemate of 4i
¥ 5
: : 5
B, _ o o AN AN
Enantiomerically enriched (-)-4i (81:19 er)
['IME \REA HE 1GH 1l [DNO INI
6.633 1377 162 0. 1839
6. 867 279 34 \ ). 0372
T.738 6203 565 0. 828
10. 367 11 8 0.014
10. 99 1231 ]9 ). 1644
16. 127 34922 118 1. 6634
20. 667 1019¢ 143 1.3615
21.622 13484 183 \ 1. 8006
28.818 14350 205 1.9163
| 77. 601 542093 5285 72,3807
EE AN I A VA 84.709 124607 112 ! 16. 6397
IOTAI 748854 8215 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 97/3; Flow rate:

) . (0]
0.5 mL/min; UV detection: 254 nm. oH
Z~ “NHPh
Racemate of 4j
OTBS )
(-)-4i
[
I
;/
1t
I
| ‘
I
I
Il
(] TIME AREA HE 1GH1 MK IDNO CONC
| | 6.813 643 79 0.1331
= i 7.117 3448 343 0.7135
J. M1 23.992 238565 6098 19,3743
T 26.817 240521 5525 19. 7791
TOTAIL 183177 12045 100
Enantiomerically enriched (-)-4j (97:3 er)
I LML AREA HE 1GH MK IDNO CONC
|| - 7198 1986 217 1.5013
Lo VM—— 24115 1455907 1320 95, 1079
26. 995 5022 134 3. 2908
FOTAl 152605 1671 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 97/3; Flow rate:

0.5 mL/min; UV detection: 254 nm. o
OH
=~ “NHPh
Racemate of 4k
OTIPS
(-)-4K
|
1%
s
| ‘
|
|
I
| TIME \REA HE IGH1 MK IDNO CONC
|'| 6. 86 133 15 0.0237
_ fl 7.214 T448 543 1.3303
4 10. 301 1292 it 0.2307
=zl 24. 082 276428 7198 49.3735
[ i 26.713 273824 6521 \ 18. 9083
”f“f e 32,34 748 19 0.1335
TOTAL 559871 14368 100
Enantiomerically enriched (-)-4k (96:4 er)
- TIME AREA HE 1GHT MK IDNO  CONC
l " 7. 969 899 12 0.6732
_L‘J & 24,266 123013 3531 92.1249
o ' 26.9 5601 147 1.1945
, , TOTAL 133529 1051 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 98/2; Flow rate:

. . O
0.5 mL/min; UV detection: 254 nm. oH
~~ ~NHPh
Racemate of 4l
~ ODPS (-)-41
%
-
7
L
T1ME AREA HE LGH1 Mk IDNU - CUNC
S 6. 866 340 39 0. 0886
7.585 9289 180 2.4207
p! 8.95 2894 108 0.7542
v 9.409 1119 61 \ 0.2915
S 41,482 186716 2751 18. 6608
: . : : o 46.588 185351 2440 17. 7841
| f i ' L TOTAL 383708 5378 100

Enantiomerically enriched (-)—4l (98:2 er)

S89



HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 97/3; Flow rate:

0.5 mL/min; UV detection: 254 nm. o
OH
o~ “NHPh
Racemate of 4m
; (-)-4m
* ODPS
‘ F
I IF
I
.
|
||
|l TTME AREA HE1GHT MK IDNO  CONC
| | 6.367 678 22 9.1223
I 6. 861 707 5 ! 0.1275
[ } | 7.115 10823 T14d ! 1.951¢
L I 30. 852 270742 1922 18. 819
S e 8 = 2 38. 14 271632 1089 18. 9796
TOTAL 554583 9804 100

|

“ TINE AREA HEIGHT MK IDNO  CONC
i 6. 848 239 23 0. 0854
‘ 7.315 3930 324\ 1.4032
‘i 7.932 967 13 0.5453
5 1. 12. 458 3939 126 1. 4062
e U 31,299 215821 513 87. 767
38. 661 25188 138 8. 9929

TOTAI 2800853 HO8T 100
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 97/3; Flow rate:

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

OH
// NHPh
Racemate of 4n
L DPSO
F (-)-4n
|
|
o
.
[
Il
|
I
i [ IME AREA HETGHT MK TDNO CONC
il‘ ‘\ 6.82 695 72 0.0915
| 7.108 6345 532\ 0.8345
|l 7.822 736 1 0. 0968
I‘_: . AER 25.08 2322 76 0. 3053
e J U 47736 373304 5041 49,0938
L
rr—r" 53. 057 376986 1545 49,578
[OTAL THO390 10310 1600
Enantiomerically enriched (-)-4n (92:8 er)
i
‘| TIME AREA HE TGHT MK IDNO CONC
;‘ 6.15 1093 100 0.4417
-“ 6. 293 1951 125\ 0. 7881
| 6.842 960 71 v 0. 3877
| 7.251 5612 498\ 2.2671
- . 7.895 1121 55 0.4526
f N 10. 392 3581 152 1. 4479
T [ =nm n1EE - .
; 18,507 215591 2980 87.0875
T ||
e 5 507 17644 215 7.1273
. = TOTAI 247556 1196 160
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 98/2; Flow rate:

Cl
O

0.5 mL/min; UV detection: 254 nm.

N
=z N
ODPS (-)-40
Racemate of 40
1M} HE [GHT |
39 25 25 ). 12
3 3 ). 15¢
; e "
— T I 13 086 11 (
\ 51
Enantiomerically enriched (-)—40 (95:5 er)
[ HE TGHT
( 644 80
£ ) 124 15
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 98/2; Flow rate:

0.5 mL/min; UV detection: 254 nm.

ODPS (-)-4p

Racemate of 4p
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IC (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 98/2; Flow rate:

0.5 mL/min; UV detection: 254 nm.

ODPS (-)-4q

Racemate of 49
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HPLC Chromatographic Conditions
Column: Daicel CHIRALPAK IG (¢ 0.46 cm, L 25 cm); Eluent: hexane/EtOH = 80/20; Flow rate:

0.5 mL/min; UV detection: 254 nm.

= N
=z H
OH )7
Racemate of 7
I
I
| 5 FIML \RI HE TGHT K IDNO  CON
i i 5.74 1519 164 1.229
=5L | '\ 6. 99 3318 29¢ 2. 6848
=0 i } | 1585 62\ s
'Jl_'.)k;_u__ﬁ_ﬂ,"\; 14. 605 27908 2421 6. 8544
- 21.852 1261 14534 17,9493
TOTAI 123561 157 100
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