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General. 'H NMR and *C NMR spectra were recorded in CDCl; on an Agilent DD2-500 MHz
spectrometer. Chemical shifts are reported in ppm with the solvent signals as reference, and
coupling constants (J) are given in Hertz (Hz). The peak information is described as: s = singlet, d
= doublet, t = triplet, q = quartet, m = multiplet, comp = composite. High-resolution mass spectra
(HRMS) were performed on a microTOF-ESI mass spectrometer using CsOAc as the standard.

Melting points were obtained uncorrected from an Electrothermo Mel-Temp DLX 104 device.

General procedure for the synthesis of 2,3-diketoesters.

0 o p-ABSA (1.2 eq.) o) e} @] 0]
M EtzN (1.5eq.) t-BuOCl(1.1eq.)
R OR' CH4CN R OR' " CH,CN:H,0 (9:1) R OR'
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Preparation of a-Diazo-B-ketoesters:! A solution of B-ketoester (10 mmol, 1.0 eq.) and p-

acetamidobenzenesulfonyl azide (p-ABSA) (2.8 g, 12 mmol, 1.2 eq.) in 75 mL of CH3CN was
added triethylamine (2.1 ml, 1.5 mmol, 1.5 eq.) at 0 °C, and the resulting solution was stirred at
room temperature for 8 hours during which time the corresponding sulfonamide precipitated as a
white solid. The white precipitate was filtered, and the resulting solution was concentrated under
reduced pressure. The residue was purified by flash column chromatography (SiO,), eluting with
hexane and ethyl acetate to provide a-diazo-B-ketoester.

General Procedure for the Synthesis of 2,3-Diketoesters 1a-m:'* A solution of a-diazo-p-

ketoesters (5.0 mmol, 1.0 eq.) in 20 mL of solvent [CH3CN:H,0 (9:1)] at 0 °C was added tert-
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butyl hypochlorite (0.61 ml, 5.5 mmol) dropwise over 30 min via syringe pump. The reaction was
stirred for an additional 30 min at room temperature and then concentrated under reduced pressure.
The residue was purified by flash column chromatography (SiO,), eluting with hexane and ethyl
acetate to provide compounds 1a-m as their monohydrates. 2,3-Diketoesters 1a,'? 1b,'? 1d,> 1f3
1g,3 1i* are known compounds, 1¢, 1e, 1h, 1j, 1k, 11 are new compounds and characeterized in

detail.

Optimization of the L-proline catalyzed aldol reaction.
Various solvents, additives and organocatalysts were screened from which L-proline in DCM at

room temperature gave the highest diastereoselectivity. Additives were not effective.

o 0 9 catalyst (20 mol%) BnOZC% H BnO,C  H
M e)S(U\OBn + Additive . MeO%% + MeOC|_;“o 1/
HO OH Solvent (1 mL)
rt, 24 h 0 0
1a 2a ’ 3a 4a

0.2 mmol 0.4 mmol cis trans
. . 3a/4a
Entry Catalyst* Additive? Solvent Temp. Yield (%)¢ dord

.I.
1 L-proline - DMF rt 90 65:35
2 L-proline - MeCN rt 91 65:35
3 L-proline - THF rt 67 65:35
4 L-proline - DCM rt 92 74:26
5 L-proline - CHCl, rt 88 73:27
6 L-proline - DCE rt 95 73:27
7¢ L-proline - DCM 0°C 72 74:26
L-proline CF;COOH DCM rt 34 65:35
L-proline H,O DCM rt 90 74:26
| (L,
10 L-proline OH DCM rt 82 60:40
COOH
11 L-proline O DCM 1t 92 60:40
O,N
S

12 L-proline PR DCM =t 65 63:37
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4
35 N HNe DCM t 95 37:63
H

CFs
S
FaC N)LNH B
36 § g DCM 87 60:40
N‘ % H
OMe

@20 mol% catalyst was added. ® 20 mol% additive was added. ¢ Determined by crude '"H NMR
using CHoI; as internal standard. ¢ Determined by 'H NMR. ¢ Reaction was run for 48 h.

General procedure for the L-proline catalyzed aldol reaction.

O O O R?0,C H R20,C H
- i ) =z
RJS(U\ORZ + L-Proline (20 mol%) 1 \—x + R'OC™\u__yx
HO

- HO
HO OH X DCM, rt, 24-96 h S S

1a-l 2a-b 3a-m 4a-m

In a 25 mL one-neck flask containing a magnetic stirring bar, dichloromethane (5.0 mL), 1 (1.0
mmol), 2 (2.0 mmol) and L-proline (23.0 mg, 0.2 mmol) were added in sequence, then the reaction
mixture was stirred at room temperature for 24-96 h. After reaction was complete, the product
mixture was concentrated and its components were purified by flash column chromatography

(S10,), eluding with hexane/ethyl acetate, to provide products 3 and 4.

General procedure for TFA catalyzed benzylie-benzilic acid rearrangement reaction.

Q X
2
R?0,C  H CF3COOH (20 mol%) j@
R1OC "’//__X + R3NH2 g

> 2
DCM. 65°C,24h R O3>y
O R R3
3a-i, k-m 5a-j 6a-t

In a 8 mL vial containing a magnetic stirring bar and a screw cap, a solution containing 3 (0.10
mmol, 1.0 eq.), 5 (0.11 mol, 1.1 eq.), trifluoroacetic aicd (2.28 mg, 0.02 mmol) in
dichloromethane (0.5 mL) were stirred in an oil bath at 65 °C for 24 h. Then the reaction mixture
was directly injected into the chromatography column (4g) and purified by flash column

chromatography (SiO;) eluding with hexanes/ethyl acetate to provide products 6.
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General procedures for gram-scale reactions.

O O 0 L-proline BnO,C H BnO,C H

MGMOBn * (0.23 g, 20 mol%) MeO%% ¥ MeOC‘"%
HO OH DCM (50 mL) g
rt, 24 h
’ 3a,1.86 g 4a, 0.63 g
o 1a, 2.|24 gI 2a,1.96 g 61% yield, 99% ee 21% yield, 98% ee
mmol scaie So/da = 7426
o
NH2 \
BnOZQ H Bn02C
k 0,
MeOC + TFA (0.14 g, 20 mol%)
HO DCM (30 mL), 65 °C, 24h
o
Br
3a,1.86 g 5d,1.15g
6d, 2.19 g

82% yield, 99% ee

o)
NH; BnOZC"“z /C\
BnOZC H N

TFA (0.05 g, 20 mol%) Me

MeOC™" < +
HO g DCM (10 mL), 65 °C, 24h
Br
4 Br
a,0.63g 5d,0.40¢g

7d,0.77 g
84% yield, -98% ee

In a 100 mL one-neck flask containing a magnetic stirring bar, dichloromethane (50 mL), 1a (2.24
g, 10 mmol), 2a (1.96 g, 20 mmol) and L-proline (230 mg, 2 mmol) were added in sequence, then
the reaction mixture was stirred at room temperature for 24h. After reaction was complete, the
product mixture was concentrated and its components were purified by flash column
chromatography (Si0O;), eluding with hexane/ethyl acetate, to provide products 3a (1.86 g, 61%

yield, 99% ee) and 4a (0.63 g, 21% yield, 98% ee).

In a 100 mL one-neck flask containing a magnetic stirring bar and a condenser, dichloromethane
(30 mL), 3a (1.86 g), 5d (1.15 g) and trifluoroacetic acid (0.14 g) were added in sequence, then
the reaction mixture was stirred at 65 °C for 24 h. After reaction was complete, the mixture was
concentrated andpurified by flash column chromatography (SiO,), eluding with hexane/ethyl

acetate, to provide 6d (2.19 g, 82% yield, 99% ee).
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In a 25 mL one-neck flask containing a magnetic stirring bar and a condenser, dichloromethane
(10 mL), 4a (0.63 g), 5d (0.40 g) and trifluoroacetic acid (0.05 g) was added in sequence, then the
reaction mixture was stirred at 65 °C for 24 h. After reaction was complete, the mixture was
concentrated and purified by flash column chromatography (SiO;), eluding with hexane/ethyl

acetate, to provide 7d (0.77 g, 84% yield, -98% ee).

General procedure for reduction of 6d.

0)
BnogC"?—Q

Me\\s N NaBH, (4.0 equiv)
MeOH (1 mL)
0°C,2h
Br Br
6d 8d
0.2 anol 81% yield
99% ee d.r >20:1, 99% ee

In a 8 mL vial containing a magnetic stirring bar, a solution containing 6d (87.8 mg, 0.2 mmol)
and methanol (1 mL) was stirred at 0°C. Then NaBH, (31 mg, 0.8 mmol) was added in three
portions over 30 min, then the reaction mixture was stirred at 0°C for another 1.5 h after which 5
mL saturated Na,COj; solution was added and the mixture was stirred at room temperature for 30
min. The reaction mixture was extracted three times (ethyl acetate 10 ml x3) and the combined
organic layer was dried using anhydrous Na,SO,, concentrated and purified by flash column
chromatography (SiO,), eluding with hexanes/ethyl acetate, to provide 8d (71.8 mg, 81% yield,

>20:1 d.r., 99% ee).

General procedure for aromatation of 6d.
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N
N

o)
BnO C—E_Q BnO,C
nL2 10 % Pd/C (10 mol%) n 2M

me N DDQ (3.0 equiv)

210

e
Toluene (2 mL) }
110°C, 10 h
Br Br
6d 9d
0.2 mmol 65% yield
99% ee 98% ee

In a 8 mL vial containing a magnetic stirring bar and a screw cap, a solution containing 6d (87.8
mg, 0.2 mmol), DDQ (135.6 mg, 0.6 mmol), 10% Pd/C (11.0 mg, 0.02 mmol) and toluene (2 mL)
were stirred in oil bath at 110°C for 10 h. After this timethe reaction mixture was allowed to cool
to room temperature, 5 mL saturated Na,COj; solution was added, the mixture was stirred at room
temperature for 5 min then was extracted three times (ethyl acetate 10 ml x3). After drying the
combined organic layer over anhydrous Na,SO,, the solution wasconcentrated and purified by
flash column chromatography (SiO,), eluding with hexanes/ethyl acetate, to provide 9d (56.5 mg,

65% yield, 98% ee).
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Characterization data of products 1, 3a-m, 4a-m, 6a-t.

Cyclohexyl 2,2-Dihydroxy-3-oxobutanoate (1¢). White solid (73% yield); mp = 49.3-
50.7 °C; TLC R, = 0.29 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl3) § 5.08 (brs, 2H), 4.92-
4.89 (m, 1H), 2.28 (s, 3H), 1.86-1.83 (comp, 2H), 1.71-1.67 (comp, 2H), 1.54-1.44 (comp, 3H),
1.44-1.33 (comp, 2H), 1.30-1.23 (m, 1H); '3C NMR (125 MHz, CDCl3) § 200.98, 168.41, 92.49,
76.24, 31.00, 25.03, 23.32, 23.04. HRMS (ESI) m/z calculated for [CioH;sOs+Na]" [M+Na]*

239.0890, found: 239.0890.

Benzyl 2,2-Dihydroxy-3-oxo-4-phenylbutanoate (1e). Yellow solid (78% yield); mp =
78.6-82.4 °C; TLC Ry = 0.20 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl;) & 7.39-7.38
(comp, 3H), 7.32-7.28 (comp, 5H), 7.09-7.07 (comp, 2H), 5.15 (s, 2H), 5.03 (brs, 2H), 3.86 (s,
2H); 3C NMR (125 MHz, CDCls) 8§ 200.77, 168.74, 134.01, 132.11, 129.75, 128.99, 128.79,
128.59, 128.54, 127.42, 92.56, 68.77, 42.54. HRMS (ESI) m/z calculated for [C;;H;¢0s+Na]*

[M+Na]* 323.0890, found: 323.0891.
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o O

OEt
HO OH

1h

Br

Ethyl 3-(4-Bromophenyl)-2,2-dihydroxy-3-oxopropanoate (1h). White solid (75%
yield); mp = 88.0-89.5 °C; TLC Ry = 0.37 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) &
7.96 (d, J = 8.5 Hz, 2H), 7.63 (d, J = 8.5 Hz, 2H), 5.37 (brs, 2H), 4.23 (q, J = 7.0 Hz, 2H), 1.12 (t,
J=17.0 Hz, 3H); 3C NMR (125 MHz, CDCl3) & 190.83, 169.60, 132.18, 131.57, 130.23, 130.15,
91.74, 63.34, 13.71. HRMS (ESI) m/z calculated for [C;;H;;BrOs+Na]* [M+Na]* 324.9682, found:

324.9681.

OEt
HO OH

1j

NC

Ethyl 3-(4-Cyanophenyl)-2,2-dihydroxy-3-oxopropanoate (1j). White solid (70%
yield); mp = 102.9-106.9 °C; TLC R, = 0.20 (3:1 hexanes/EtOAc). '"H NMR (500 MHz, CDCl;) &
8.20 (d, J = 8.5 Hz, 2H), 7.80 (d, J = 8.5 Hz, 2H), 5.28 (brs, 2H), 4.23 (q, J = 7.0 Hz, 2H), 1.17 (,
J="17.0 Hz, 3H); 3C NMR (125 MHz, CDCI;) & 190.81, 169.12, 134.65, 132.48, 130.43, 117.68,
117.52,91.96, 63.51, 13.70. HRMS (ESI) m/z calculated for [C;,H;;NOs+Na]* [M+Na]" 272.0529,

found: 272.0525.

O O
OEt
HO OH
1k

Ethyl 2,2-Dihydroxy-3-(naphthalen-2-yl)-3-oxopropanoate (1k). Light yellow solid
(71% yield); mp = 75.7-77.0 °C; TLC R, = 0.33 (3:1 hexanes/EtOAc). 'H NMR (500 MHz,
CDCl3) § 8.70 (s, 1H), 8.10 (d, J = 8.5 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.91 (d, J = 8.5 Hz, 1H),
7.89 (d, J = 8.0 Hz, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.57 (t, J = 7.5 Hz, 1H), 5.52 (brs, 2H), 4.22 (q,
J=7.0 Hz, 2H), 1.07 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCl;) § 191.51, 170.05, 136.15,
132.94, 132.28, 130.12, 129.47, 128.66, 127.79, 127.07, 124.79, 91.85, 63.24, 13.68. HRMS (ESI)

m/z calculated for [CsH;4O05+tNa]* [M+Na]* 297.0733, found: 297.0725.
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OEt

Ethyl 2,2-Dihydroxy-3-oxo-3-(thiophen-2-yl)propanoate (11). Yellow solid (77%
yield); mp = 58.9-61.3 °C; TLC R, = 0.26 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) &
7.95 (dd, J=4.0 Hz, 1.0 Hz, 1H), 7.79 (d, J = 4.0 Hz, 1H), 7.17 (t, J = 4.0 Hz, 1H), 5.30 (brs, 2H),
4.25(q, J=17.0 Hz, 2H), 1.16 (t, J= 7.0 Hz. 3H); '*C NMR (125 MHz, CDCl;) § 184.90, 169.70,
136.57, 136.29, 128.68, 109.99, 92.08, 63.41, 13.72. HRMS (ESI) m/z calculated for

[CoH,005S+Na]* [M+Na]* 253.0141, found: 253.0136.

BnOQQ H

MeOC™T \
HO
o

3a

(R)-Benzyl 2-Hydroxy-3-0x0-2-[(S)-2-oxocyclohexyl]butanoate (3a). Light yellow solid (68%
yield); mp = 48.8-50.6 °C; TLC R, = 0.30 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl3) &
7.39-7.36 (comp, 5H), 5.27 (d, /= 15.0 Hz, 1H), 5.20 (d, J = 15.0 Hz, 1H), 4.31 (s, 1H), 3.65 (dd,
J=15.0 Hz, 8.0 Hz, 1H), 2.44-2.30 (comp, 5H), 2.06-2.05 (m ,1H), 1.89-1.88 (m, 1H), 1.81-1.75
(comp, 2H), 1.69-1.61 (comp, 2H); *C NMR (125 MHz, CDCl3) 8 209.52, 204.48, 169.57, 134.68,
128.71, 128.66, 128.25, 84.96, 68.40, 56.51, 41.87, 27.49, 26.71, 24.92, 24.48. Enantiomeric
excess: 99% (Diacel Chirapak OD-H, hexanes/i-PrOH = 80:20, flow rate 1.0 mL/min, 230 nm,
major enantiomer tr = 7.6 min, minor enantiomer tr = 8.6 min). HRMS (ESI) m/z calculated for

[C7H200s+Na]* [M+Na]* 327.1203, found: 327.1195.

BnOZC H

MeOC"\"
HO
o

4a

-Benzyl 2-Hydroxy-3-0xo0-2-[(S)-2-oxocyclohexyl|butanoate (4a). Light yellow solid (24%
) y ydroxy: (&) y yl] (4a). Light y. (

yield); mp = 71.0-72.5 °C; TLC R, = 0.40 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) &
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7.39-7.30 (comp, 5H), 5.22 (d, /= 15.0 Hz, 1H), 5.16 (d, J = 15.0 Hz, 1H), 4.09 (s, 1H), 3.62 (dd,
J=15.0 Hz, 7.5 Hz, 1H), 2.44-2.30 (comp, 2H), 2.25 (s, 3H), 2.10-2.07 (m, 1H), 1.92-1.83 (comp,
2H), 1.77-1.62 (comp, 3H); 3C NMR (125 MHz, CDCl;) & 210.47, 205.72, 170.17, 134.92,
128.55, 128.43, 128.12, 84.75, 68.26, 55.84, 41.95, 27.58, 27.12, 25.85, 24.57. Enantiomeric
excess: 97% (Diacel Chirapak OD-H, hexanes/i-PrOH = 80:20, flow rate 1.0 mL/min, 230 nm,
major enantiomer tr = 6.4 min, minor enantiomer tr = 7.0 min). HRMS (ESI) m/z calculated for

[C17H2005+Na]* [M+Na]* 327.1203, found: 327.1200.

MeO,C H

MeOC "’/
HO
@)
3b

(R)-Methyl 2-Hydroxy-3-0x0-2-[(5)-2-0xocyclohexyl]butanoate (3b). White solid (60% yield);
mp = 64.5-65.6 °C; TLC R, = 0.27 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl3) 8 4.26 (s,
1H), 3.68 (s, 3H), 3.53 (dd, J = 12.0 Hz, 6.0 Hz, 1H), 2.34-2.16 (comp, SH), 1.99-1.94 (m, 1H),
1.85-1.82 (m, 1H), 1.78-1.47 (comp, 4H); 3C NMR (125 MHz, CDCl;) § 209.22, 204.56, 170.10,
84.86, 56.50, 53.61, 41.73, 27.50, 26.55, 24.79, 24.41. Enantiomeric excess: 99% (Diacel
Chirapak OD-H, hexanes/i-PrOH = 90:10, flow rate 1.0 mL/min, 210 nm, major enantiomer tr =
9.2 min, minor enantiomer tr = 9.8 min). HRMS (ESI) m/z calculated for [C;H;¢0Os+Na]*

[M+Na]* 251.0890, found: 251.0882.

MeOZC H

MeOC"\"
HO
o

4b

(S)-Methyl 2-Hydroxy-3-o0xo0-2-[(S)-2-oxocyclohexyl]butanoate (4b). White solid (16%yield);
mp = 71.6-72.8 °C; TLC R, = 0.37(3:1hexanes/EtOAc). '"H NMR (500 MHz, CDCl;) 64.07 (s,
1H), 3.71 (s, 3H), 3.57-3.53 (m, 1H), 2.36-2.30 (comp, 2H), 2.24 (s, 3H), 2.05-2.03 (m, 1H), 1.87-
1.86 (m, 1H), 1.78-1.77 (m, 1H), 1.71-1.61 (comp, 3H); 13C NMR (125 MHz, CDCl;) & 210.28,
205.98, 170.79, 84.58, 55.85, 53.50, 41.93, 27.46, 27.01, 25.82, 24.55. Enantiomeric excess: 97%
(Diacel Chirapak OD-H, hexanes/i-PrOH = 93:7, flow rate 1.0 mL/min, 210 nm, major

enantiomer tr = 9.6 min, minor enantiomer tr = 10.0 min). HRMS (ESI) m/z calculated for
S13



[C11H 60s+Na]* [M+Na]* 251.0890, found: 251.0884.

CyO,C H

MeOC "7/
HO
0]
3c

(R)-Cyclohexyl 2-Hydroxy-3-0x0-2-[(5)-2-0xocyclohexyl]|butanoate (3¢). Colorless liquid (67%
yield); TLC Ry = 0.48 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl;) & 4.86-4.80 (m, 1H),
4.25 (s, 1H), 3.61 (dd, J = 12.5 Hz, 6.0 Hz, 1H), 2.40-2.26 (comp, SH), 2.06-2.03 (m, 1H), 1.93-
1.91 (m, 1H), 1.86-1.75 (comp, 4H), 1.70-1.61 (comp, 4H), 1.52-1.23 (comp, 6H); 3C NMR (125
MHz, CDCl;) & 209.32, 204.76, 169.16, 84.80, 75.65, 56.46, 41.87, 31.20, 31.07, 27.46, 26.72,
25.10, 24.92, 24.59, 23.38, 23.31. Enantiomeric excess: 99% (Diacel Chirapak OD-H, hexanes/i-
PrOH = 93:7, flow rate 1.0 mL/min, 210 nm, major enantiomer tr = 7.1 min, minor enantiomer tr

= 8.4 min). HRMS (ESI) m/z calculated for [C;sH2405+Na]* [M+Na]* 319.1516, found: 319.1516.

Cyo,C H

MeOC™ |\~
HO
o

4c

(8)-Cyclohexyl 2-Hydroxy-3-0x0-2-((S5)-2-oxocyclohexyl)butanoate (4¢). Colorless liquid (20%
yield); TLC Ry = 0.57 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl3) & 4.86-4.83 (m, 1H),
4.07 (s, 1H), 3.60 (dd, J = 11.5 Hz, 5.5 Hz, 1H), 2.43-2.30 (comp, 2H), 2.27 (s, 3H), 2.10-2.07 (m,
1H), 1.91-1.64 (comp, 9H), 1.52-1.26 (comp, 6H); 3C NMR (125 MHz, CDCls) $ 210.26, 206.01,
169.70, 84.75, 75.25, 55.71, 42.03, 31.06, 31.02, 27.71, 27.20, 25.77, 25.22, 24.68, 23.41, 23.40.
Enantiomeric excess: 98% (Diacel Chirapak OD-H, hexanes/i-PrOH = 98:2, flow rate 1.0 mL/min,
210 nm, major enantiomer tr = 8.3 min, minor enantiomer tr = 8.7 min). HRMS (ESI) m/z

calculated for [C¢H2405+Na]* [M+Na]" 319.1516, found: 319.1512.

MeO,C H

EtOC \'///
HO
0)
3d

(R)-Methyl 2-Hydroxy-3-o0x0-2-[(S)-2-oxocyclohexyl]pentanoate (3d). Colorless liquid (65%
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yield); TLC Ry = 0.31 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl;) § 4.23 (s, 1H), 3.73 (s,
3H), 3.63-3.59 (m, 1H), 2.96-2.88 (m, 1H), 2.47-2.39 (m, 1H), 2.36-2.23 (comp, 2H), 2.03-1.99
(m, 1H), 1.91-1.88 (m, 1H), 1.80-1.53 (comp, 4H), 1.00 (t, J = 7.5 Hz, 3H); '3C NMR (125 MHz,
CDCl3) 6 209.44, 207.30, 170.46, 84.76, 56.67, 53.70, 41.86, 30.25, 27.52, 26.66, 24.49, 7.56.
Enantiomeric excess: 99% (Diacel Chirapak OD-H, hexanes/i-PrOH = 95:5, flow rate 1.0 mL/min,
210 nm, major enantiomer tr = 9.9 min, minor enantiomer tr = 12.9 min). HRMS (ESI) m/z

calculated for [C1,H;30s+Na]* [M+Na]" 265.1046, found: 265.1036.

MGOQC H
EtOC™/
HO
4d

(S)-Methyl 2-Hydroxy-3-0x0-2-((S)-2-oxocyclohexyl)pentanoate (4d). White solid (19% yield);
mp = 39.5-41.9 °C; TLC R, = 0.45 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl3) 8 4.02 (s,
1H), 3.71 (s, 3H), 3.58-3.55 (m, 1H), 2.75-2.67 (m, 1H), 2.63-2.55 (m, 1H), 2.39-2.28 (comp, 2H),
2.06-2.03 (m, 1H), 1.87-1.85 (m, 1H), 1.77-1.57 (comp, 4H), 0.98 (t, J = 7.5 Hz, 3H); 3C NMR
(125 MHz, CDCl;) & 210.48, 208.60, 170.98, 84.54, 56.18, 53.53, 41.95, 31.31, 27.56, 27.04,
24.57, 7.26. Enantiomeric excess: 97% (Diacel Chirapak AD-H, hexanes/i-PrOH = 80:20, flow
rate 1.0 mL/min, 210 nm, major enantiomer tr = 7.8 min, minor enantiomer tr = 8.9 min). HRMS

(ESI) m/z calculated for [C,H;3Os+Na]* [M+Na]* 265.1046, found: 265.1043.

Bnqu H

BnOC™T \»,
HO
o

3e

(R)-Benzyl 2-Hydroxy-3-o0xo0-2-[(S)-2-oxocyclohexyl]-4-phenylbutanoate (3e). Yellow solid
(59% yield); mp = 80.8-83.1 °C; TLC R, = 0.33 (3:1 hexanes/EtOAc). 'H NMR (500 MHz,
CDCly) 6 7.38-7.37 (comp, 3H), 7.32-7.24 (comp, 5H), 7.14 (d, J = 6.5 Hz, 2H), 5.17 (d, J=12.5
Hz, 1H), 5.10 (d, J = 12.5 Hz, 1H), 4.27 (s, 1H), 4.17 (d, J = 11.5 Hz, 1H), 4.02 (d, /= 11.5 Hz,
1H), 3.72 (dd, J = 12.5 Hz, 6.0 Hz, 1H), 2.45-2.42 (m, 1H), 2.35-2.28 (m, 1H), 2.06-2.03 (m, 1H),
1.88-1.87 (m,1H), 1.79-1.76 (m, 1H), 1.71-1.60 (comp, 3H); 3C NMR (125 MHz, CDCl;)

209.33, 204.20, 169.76, 134.66, 133.66, 129.92, 128.74, 128.70, 128.43, 128.33, 126.90, 84.75,
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68.52, 57.21, 44.29, 41.92, 27.29, 26.77, 24.47. Enantiomeric excess: 99% (Diacel Chirapak OD-
H, hexanes/i-PrOH = 80:20, flow rate 1.0 mL/min, 210 nm, major enantiomer tr = 10.2 min, minor
enantiomer tr = 11.8 min). HRMS (ESI) m/z calculated for [Cy3H,4Os+Na]" [M+Na]™ 403.1516,

found: 403.1517.

BnOzC H

BnOC™/ \
HO
@)

4e

(S)-Benzyl 2-Hydroxy-3-oxo0-2-[(S)-2-oxocyclohexyl]-4-phenylbutanoate (4e). Yellow liquid
(21% yield); TLC R, = 0.43 (3:1 hexanes/EtOAc). '"H NMR (500 MHz, CDCl3) § 7.40-7.35 (comp,
3H), 7.31-7.24 (comp, 5H), 7.07 (d, J = 7.5 Hz, 2H), 5.19 (d, J = 12.0 Hz, 1H), 5.11 (d, J=12.0
Hz, 1H), 4.16 (s, 1H), 3.98 (d, J = 12.0 Hz, 1H), 3.90 (d, J = 12.0 Hz, 1H), 3.66 (dd, J = 12.0 Hz,
5.5 Hz, 1H), 2.42-2.40 (m, 1H), 2.35-2.30 (m, 1H), 2.10-2.08 (m, 1H), 1.87-1.78 (comp, 2H),
1.76-1.66 (comp, 3H); 13C NMR (125 MHz, CDCl;) 8 210.76, 204.85, 170.12, 134.91, 133.13,
129.75, 128.57, 128.44, 128.24, 127.00, 84.94, 68.32, 56.10, 44.30, 42.00, 27.84, 27.20, 24.61.
Enantiomeric excess: 98% (Diacel Chirapak OD-H, hexanes/i-PrOH = 90:10, flow rate 1.0
mL/min, 210 nm, major enantiomer tr = 12.6 min, minor enantiomer tr = 14.5 min). HRMS (ESI)

m/z calculated for [Cy3H,405+Na]* [M+Na]* 403.1516, found: 403.1516.

EtO,C H
PhOC™T \,
HO
3f

(R)-Ethyl 2-Hydroxy-3-0x0-2-[(S)-2-oxocyclohexyl]-3-phenylpropanoate (3f). Clolorless liquid
(51% yield); TLC Ry = 0.43 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) § 8.07 (d, J=9.0
Hz, 2H), 7.57-7.53 (m, 1H), 7.45-7.42 (comp, 2H), 4.59 (s, 1H), 4.34-4.20 (comp, 2H), 3.85 (dd, J
=16.5 Hz, 6.5 Hz, 1H), 2.55-2.40 (comp, 2H), 2.18-2.13 (m, 1H), 2.00-1.63 (comp, 3H), 1.23 (t,J
= 8.5 Hz, 3H); 3C NMR (125 MHz, CDCl;) & 212.68, 195.74, 169.27, 134.68, 133.00, 129.76,
128.25, 84.73, 62.63, 56.08, 42.53, 28.49, 28.02, 24.95, 13.99. Enantiomeric excess: 99% (Diacel
Chirapak OD-H, hexanes/i-PrOH = 97:3, flow rate 1.0 mL/min, 230 nm, major enantiomer tr =

17.0 min, minor enantiomer tr = 20.1 min). HRMS (ESI) m/z calculated for [C;;H;0Os+Na]*
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[M+Na]* 327.1203, found: 327.1200.

EtO,C H

PhOC™ /"
HO
o

4f

(S)-Ethyl 2-Hydroxy-3-o0x0-2-((S)-2-oxocyclohexyl)-3-phenylpropanoate (4f). Clolorless liquid
(12% yield); TLC Ry = 0.50 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) & 8.10 (d, J=9.0
Hz, 2H), 7.58-7.54 (m, 1H), 7.46-7.42 (comp, 2H), 4.30-4.21 (comp, 3H), 3.88-3.83 (m, 1H),
2.47-2.37 (comp, 2H), 2.14-2.10 (m, 1H), 2.04-2.00 (m, 1H), 1.93-1.92 (m, 1H), 1.86-1.67 (comp,
3H), 1.24 (t, J = 8.5 Hz, 3H); 3C NMR (125 MHz, CDCl3) & 212.12, 197.09, 171.31, 135.92,
133.52, 130.29, 128.55, 85.72, 63.29, 57.43, 42.65, 28.81, 27.77, 25.18, 14.30. Enantiomeric
excess: 98% (Diacel Chirapak OD-H, hexanes/i-PrOH = 99:1, flow rate 0.6 mL/min, 254 nm,
major enantiomer tr = 31.1 min, minor enantiomer tr = 32.9 min). HRMS (ESI) m/z calculated for

[C17H2005+Na]* [M+Na]* 327.1203, found: 327.1197.

EtO,C H
Oxpi—{

(R)-Ethyl  3-(4-Chlorophenyl)-2-hydroxy-3-ox0-2-[(S)-2-oxocyclohexyl|propanoate  (3g).
Colorless liquid (58% yield); TLC Ry = 0.46 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) 3
8.01 (d, J=9.0 Hz, 2H), 7.37 (d, /= 9.0 Hz, 2H), 4.55 (s, 1H), 4.27-4.19 (comp, 2H), 3.80 (dd, J
= 12.5 Hz, 5.5 Hz, 1H), 2.50-2.44 (m, 1H), 2.39-2.36 (m, 1H), 2.14-2.10 (m, 1H), 1.97-1.89
(comp, 2H), 1.86-1.70 (comp, 2H), 1.68-1.59 (m, 1H), 1.20 (t, J = 7.0 Hz, 3H); '3C NMR (125
MHz, CDCl3) 6 212.67, 194.62, 169.07, 139.43, 133.00, 131.33, 128.54, 84.81, 62.76, 56.07,
42.48, 28.41, 27.99, 24.90, 14.01. Enantiomeric excess: 99% (Diacel Chirapak OJ-H, hexanes/i-
PrOH = 80:20, flow rate 0.8 mL/min, 254 nm, major enantiomer tr = 9.1 min, minor enantiomer tr
= 11.7 min). HRMS (ESI) m/z calculated for [C;;H,yClOs+Na]* [M+Na]" 361.0813, found:

361.0810.
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EtO,C H
O\\\l\‘

HO
0

,,,//

cl 49
(8)-Ethyl  3-(4-Chlorophenyl)-2-hydroxy-3-oxo-2-[(S)-2-oxocyclohexyl]propanoate  (4g).
Colorless liquid (7% yield); TLC Ry = 0.55 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) 3
8.09 (d, J=9.0 Hz, 2H), 7.40 (d, J = 9.0 Hz, 2H), 4.30-4.19 (comp, 3H), 3.82 (dd, J = 12.0 Hz,
5.5 Hz, 1H), 2.46-2.38 (comp, 2H), 2.13-2.11 (m, 1H), 2.00-2.19 (m, 1H), 1.92-1.91 (m, 1H),
1.83-1.70 (comp, 3H), 1.23 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl;) & 211.95, 195.31,
170.71, 139.71, 133.70, 131.57, 128.46, 85.47, 62.97, 57.02, 42.23, 28.47, 27.41, 24.76, 13.89.
Enantiomeric excess: 94% (Diacel Chirapak OJ-H, hexanes/i-PrOH = 80:20, flow rate 0.8 mL/min,
254 nm, major enantiomer tr = 8.0 min, minor enantiomer tr = 10.0 min). HRMS (ESI) m/z

calculated for [C17H;9ClOs+Na]* [M+Na]* 361.0813, found: 361.0811.

EtO,C H
Oxpi—{

@)
Br 3h
(R)-Ethyl  3-(4-Bromophenyl)-2-hydroxy-3-oxo-2-[(S)-2-oxocyclohexyl]propanoate  (3h).
White solid (56% yield); mp = 61.7-63.1 °C; TLC Ry = 0.42 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl3) 6 7.94 (d, J = 8.5 Hz, 2H), 7.55 (d, J = 8.5 Hz, 2H), 4.54 (s, 1H), 4.30-4.20 (comp,
2H), 3.81 (dd, J=12.5 Hz, 6.0 Hz, 1H), 2.52-2.45 (m, 1H), 2.41-2.38 (m, 1H), 2.16-2.11 (m, 1H),
1.98-1.90 (comp, 2H), 1.88-1.60 (comp, 3H), 1.22 (t, J = 7.0 Hz, 3H); '3C NMR (125 MHz,
CDCl3) 6 212.68, 194.88, 169.06, 133.43, 131.56, 131.41, 128.26, 84.82, 62.79, 56.11, 42.50,
28.42, 28.00, 24.91, 14.03. Enantiomeric excess: 99% (Diacel Chirapak OJ-H, hexanes/i-PrOH =
80:20, flow rate 0.8 mL/min, 254 nm, major enantiomer tr = 9.5 min, minor enantiomer tr = 12.1

min). HRMS (ESI) m/z calculated for [C;7;H9BrOs+Na]* [M+Na]* 405.0308, found: 405.0298.
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EtO,C H

O\\\u'

HO
@)
Br 4h
(8)-Ethyl  3-(4-Bromophenyl)-2-hydroxy-3-oxo-2-[(S)-2-oxocyclohexyl|propanoate  (4h).
Colorless liquid (6% yield); TLC R, = 0.36 (10:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) 3
8.00 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 8.5 Hz, 2H), 4.29-4.19 (comp, 3H), 3.81 (dd, J = 12.0 Hz,
5.5 Hz, 1H), 2.46-2.37 (comp, 2H), 2.13-2.10 (m, 1H), 2.02-1.99 (m, 1H), 1.92-1.91 (m, 1H),
1.82-1.68 (comp, 3H), 1.22 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl;) & 211.93, 195.56,
170.68, 134.14, 131.62, 131.45, 128.51, 85.46, 62.98, 57.01, 42.22, 28.45, 27.39, 24.75, 13.89.
Enantiomeric excess: 95% (Diacel Chirapak OJ-H, hexanes/i-PrOH = 80:20, flow rate 0.8 mL/min,

254 nm, major enantiomer tr = 8.5 min, minor enantiomer tr = 10.6 min). HRMS (ESI) m/z

calculated for [C7H;oBrOs+Na]* [M+Na]* 405.0308, found: 405.0305.

EtO,C H
O

O
MeO 3i
(R)-Ethyl 2-Hydroxy-3-(4-methoxyphenyl)-3-o0xo0-2-[(S)-2-oxocyclohexyl|propanoate (3i).
Colorless liquid (25% yield); TLC Ry = 0.26 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) 3
8.13 (d, J=9.0 Hz, 2H), 6.89 (d, /= 9.0 Hz, 2H), 4.68 (s, 1H), 4.28-4.17 (comp, 2H), 3.85 (s, 3H),
3.80 (dd, J = 12.5 Hz, 5.0 Hz, 1H), 2.54-2.48 (m, 1H), 2.40-2.37 (m, 1H), 2.16-2.12 (m, 1H),
1.97-1.91 (comp, 2H), 1.90-1.84 (m, 1H), 1.81-1.62 (comp, 2H), 1.19 (t, J = 7.0 Hz, 3H); 13C
NMR (125 MHz, CDCl;) 6 213.28, 193.49, 169.37, 163.54, 132.45, 127.19, 113.52, 84.77, 62.39,
55.66, 55.43, 42.68, 28.75, 28.26, 25.05, 14.02. Enantiomeric excess: 99% (Diacel Chirapak AD-
H, hexanes/i-PrOH = 70:30, flow rate 1.0 mL/min, 254 nm, major enantiomer tr = 15.2 min, minor
enantiomer tr = 26.2 min). HRMS (ESI) m/z calculated for [C;sH;,O¢tNa]" [M+Na]™ 357.1308,

found: 357.1306.
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EtO,C H

Osn}—(.,
HO

O

MeO 4i
(8)-Ethyl 2-Hydroxy-3-(4-methoxyphenyl)-3-oxo-2-[(S)-2-oxocyclohexyl|propanoate (4i).
Colorless liquid (4% yield); TLC Ry = 0.32 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) 3
8.20 (d, J=9.0 Hz, 2H), 6.91 (d, J = 9.0 Hz, 2H), 4.29 (s, 1H), 4.28-4.19 (comp, 2H), 3.89-3.83
(comp, 4H), 2.46-2.37 (comp, 2H), 2.12-2.09 (m, 1H), 2.00-1.99 (m, 1H), 1.91-1.89 (m, 1H),
1.82-1.71 (comp, 3H), 1.22 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl;) & 211.90, 194.10,
171.20, 163.66, 132.78, 127.96, 113.43, 85.23, 62.70, 57.03, 55.45, 42.30, 28.46, 27.47, 24.80,
13.90. Enantiomeric excess: 98% (Diacel Chirapak AD-H, hexanes/i-PrOH = 70:30, flow rate 1.0
mL/min, 254 nm, major enantiomer tr = 12.0 min, minor enantiomer tr = 23.1 min). HRMS (ESI)

m/z calculated for [CgH,OgtNa]* [M+Na]* 357.1308, found: 357.1300.

EtO,C H
O

O
NC 3j
(R)-Ethyl 3-(4-Cyanophenyl)-2-hydroxy-3-0x0-2-[(S)-2-o0xocyclohexyl]propanoate (3j). White
solid (70% yield); mp = 84.2-85.3 °C; TLC Ry = 0.29 (3:1 hexanes/EtOAc). 'H NMR (500 MHz,
CDCl3) 6 8.08 (d, J = 8.5 Hz, 2H), 7.71 (d, J = 8.5 Hz, 2H), 4.40 (s, 1H), 4.33-4.23 (comp, 2H),
3.84 (dd, J = 12.5 Hz, 6.0 Hz, 1H), 2.49-2.39 (comp, 2H), 2.15-2.12 (m, 1H), 1.99-1.96 (m, 1H),
1.92-1.72 (comp, 3H), 1.68-1.60 (m, 1H), 1.24 (t, J= 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl;) &
211.91, 195.65, 169.00, 138.66, 131.94, 130.06, 118.02, 115.82, 84.82, 63.23, 56.79, 42.28, 28.02,
27.67, 24.75, 14.03. Enantiomeric excess: 99% (Diacel Chirapak OD-H, hexanes/i-PrOH = 80:20,
flow rate 1.0 mL/min, 254 nm, major enantiomer tr = 8.9 min, minor enantiomer tr = 9.9 min).

HRMS (ESI) m/z calculated for [C;sHoNOs+Na]* [M+Na]* 352.1155, found: 352.1150.
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EtO,C H
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(S)-Ethyl 3-(4-Cyanophenyl)-2-hydroxy-3-o0xo0-2-[(S)-2-0xocyclohexyl|propanoate (4j). White
solid (13% yield); mp = 102.2-105.7 °C; TLC Ry = 0.39 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCls) 6 8.16 (d, J = 8.5 Hz, 2H), 7.72 (d, J = 8.5 Hz, 2H), 4.31-4.20 (comp, 3H), 3.80 (dd,
J=12.0 Hz, 5.5 Hz, 1H), 2.47-2.37 (comp, 2H), 2.14-2.11 (m, 1H), 2.01-1.93 (comp, 2H), 1.82-
1.67 (comp, 3H), 1.23 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl;) 8 211.82, 195.92, 170.30,
138.94, 131.85, 130.30, 117.95, 116.12, 85.58, 63.21, 57.03, 42.16, 28.44, 27.33, 24.70, 13.89.
Enantiomeric excess: 96% (Diacel Chirapak OD-H, hexanes/i-PrOH = 90:10, flow rate 1.0
mL/min, 254 nm, major enantiomer tr = 12.4 min, minor enantiomer tr = 13.5 min). HRMS (ESI)

m/z calculated for [CgH{9NOs+Na]* [M+Na]* 352.1155, found: 352.1154.

EtO,C H
o Z

(R)-Ethyl 2-Hydroxy-3-(naphthalen-2-yl)-3-oxo0-2-[(S)-2-oxocyclohexyl]propanoate  (3k).
Colorless liquid (45% yield); TLC Ry = 0.41 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) 3
8.78 (s, 1H), 8.07 (d, J = 9.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.87-7.84 (comp, 2H), 7.60-7.51
(comp, 2H), 4.73 (s, 1H), 4.33-4.21 (comp, 2H), 3.91 (dd, J = 12.5 Hz, 5.0 Hz, 1H), 2.56-2.49 (m,
1H), 2.43-2.41 (m, 1H), 2.16-2.14 (m, 1H), 2.00-1.90 (comp, 3H), 1.84-1.64 (comp, 2H), 1.21 (t,J
= 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl;) 8 212.89, 195.42, 169.37, 135.45, 132.30, 131.89,
129.93, 128.60, 128.04, 127.64, 126.60, 125.34, 85.01, 62.64, 56.12, 42.59, 28.60, 28.10, 24.99,
14.05. Enantiomeric excess: 99% (Diacel Chirapak AD-H, hexanes/i-PrOH = 70:30, flow rate 1.0
mL/min, 254 nm, major enantiomer tr = 30.2 min, minor enantiomer tr = 36.5 min). HRMS (ESI)

m/z calculated for [Cy1H,,05+Na]* [M+Na]* 377.1359, found: 377.1359.
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(8)-Ethyl 2-Hydroxy-3-(naphthalen-2-yl)-3-0x0-2-[(S)-2-oxocyclohexyl|propanoate  (4k).
Colorless liquid (12% yield); TLC Ry = 0.48 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls) 3
8.82 (s, 1H), 8.07 (d, J = 9.0 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.87-7.85 (comp, 2H), 7.72-7.59
(m, 1H), 7.56-7.53 (m, 1H), 4.39 (s, 1H), 4.32-4.22 (comp, 2H), 3.91 (dd, J = 12.0 Hz, 5.5 Hz,
1H), 2.48-2.40 (comp, 2H), 2.14-2.05 (comp, 2H), 1.94-1.91 (m, 1H), 1.88-1.67 (comp, 3H), 1.24
(t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCl;) 8 211.81, 196.28, 171.01, 135.44, 132.69,
132.25, 132.23, 130.01, 128.70, 127.84, 127.61, 126.61, 125.35, 85.57, 62.88, 57.14, 42.29, 28.49,
27.39, 24.80, 13.93. Enantiomeric excess: 97% (Diacel Chirapak AD-H, hexanes/i-PrOH = 70:30,
flow rate 1.0 mL/min, 254 nm, major enantiomer tr = 12.5 min, minor enantiomer tr = 24.9 min).

HRMS (ESI) m/z calculated for [C,1H»,Os+Na]* [M+Na]* 377.1359, found: 377.1354.

EtO,C  H
O K

(R)-Ethyl 2-Hydroxy-3-0x0-2-[(:5)-2-0xocyclohexyl]-3-(thiophen-2-yl)propanoate (31). Yellow
liquid (67% yield); TLC R, = 0.32 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl;) § 8.10 (dd,
J=4.0Hz,1.0 Hz, 1H), 7.62 (dd, J = 5.0 Hz, 1.0 Hz, 1H), 7.06 (dd, J = 5.0 Hz, 4.0 Hz, 1H), 4.65
(s, 1H), 4.25-4.13 (comp, 2H), 3.77 (dd, J = 12.0 Hz, 6.0 Hz, 1H), 2.47-2.40 (m, 1H), 2.37-2.33
(m, 1H), 2.11-2.06 (m, 1H), 1.93-1.79 (comp, 3H), 1.77-1.68 (m, 1H), 1.66-1.57 (m, 1H), 1.17 (t,
J=17.0 Hz, 3H); *C NMR (125 MHz, CDCls) 6 211.98, 187.99, 169.07, 139.26, 135.32, 134.91,
127.89, 84.74, 62.79, 55.72, 42.42, 28.33, 27.87, 24.88, 13.97. Enantiomeric excess: 99% (Diacel
Chirapak OD-H, hexanes/i-PrOH = 90:10, flow rate 1.0 mL/min, 254 nm, major enantiomer tr =
12.6 min, minor enantiomer tr = 15.3 min). HRMS (ESI) m/z calculated for [C;sH;sOsS+Na]*

[M+Na]* 333.0767, found: 333.0766.
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(S)-Ethyl 2-Hydroxy-3-o0xo0-2-[(S)-2-o0xocyclohexyl]-3-(thiophen-2-yl)propanoate (41). Yellow
solid (9% yield); mp = 69.7-70.4 °C; TLC R, = 0.42 (3:1 hexanes/EtOAc). '"H NMR (500 MHz,
CDCl3) 6 8.22 (dd, J=4.0 Hz, 1.0 Hz, 1H), 7.69 (dd, /= 5.0 Hz, 1.0 Hz, 1H), 7.12 (dd, /= 5.0 Hz,
4.0 Hz, 1H), 4.36 (s, 1H), 4.27-4.17 (comp, 2H), 3.81 (dd, J = 12.0 Hz, 5.5 Hz, 1H), 2.45-2.36
(comp, 2H), 2.12-2.09 (m, 1H), 2.04-2.01 (m, 1H), 1.91-1.89 (m, 1H), 1.85-1.66 (comp, 3H), 1.22
(t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCl;) § 211.22, 188.44, 170.59, 139.06, 136.38,
135.94, 127.80, 84.81, 62.99, 56.84, 42.19, 28.23, 27.40, 24.72, 13.86. Enantiomeric excess: 92%
(Diacel Chirapak AD-H, hexanes/i-PrOH = 92:8, flow rate 1.0 mL/min, 254 nm, major
enantiomer tr = 25.7 min, minor enantiomer tr = 27.5 min). HRMS (ESI) m/z calculated for

[C5H 505S+Na]* [M+Na]* 333.0767, found: 333.0760.

(R)-Benzyl 2-Hydroxy-3-0x0-2-[(S)-4-oxotetrahydro-2H-thiopyran-3-yl]butanoate  (3m).
White solid (56% yield); mp = 92.4-94.0 °C; TLC R, = 0.29 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl;) & 7.38-7.33 (comp, 5H), 5.28 (d, /= 12.0 Hz, 1H), 5.19 (d, J = 12.0 Hz, 1H), 3.94
(dd, J=12.0 Hz, 4.5 Hz, 1H), 3.04-2.99 (m, 1H), 2.96-2.90 (m, 1H), 2.86-2.84 (m, 1H), 2.77-2.67
(comp, 2H), 2.53-2.50 (m, 1H), 2.27 (s, 3H); '3C NMR (125 MHz, CDCl;) § 206.56, 203.38,
169.21, 134.49, 128.90, 128.77, 128.36, 84.98, 68.71, 58.55, 44.37, 30.10, 29.59, 24.70.
Enantiomeric excess: 99% (Diacel Chirapak OD-H, hexanes/i-PrOH = 80:20, flow rate 1.0
mL/min, 210 nm, major enantiomer tr = 10.2 min, minor enantiomer tr = 12.2 min). HRMS (ESI)

m/z calculated for [CsH;50sS+Na]* [M+Na]* 345.0767, found: 345.0757.
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(8)-Benzyl 2-Hydroxy-3-oxo-2-[(S)-4-oxotetrahydro-2H-thiopyran-3-yl|butanoate  (4m).
Yellow solid (17% yield); mp = 63.4-64.8 °C; TLC R, = 0.42 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl;) 6 7.38-7.33 (comp, 3H), 7.29-7.27 (comp, 2H), 5.19 (d, J=12.5 Hz, 1H), 5.16 (d, J
=12.5 Hz, 1H), 4.16 (s, 1H), 3.95 (dd, J = 12.0 Hz, 4.5 Hz, 1H), 3.01-2.93 (comp, 2H), 2.90-2.86
(m, 1H), 2.74-2.64 (comp, 3H), 2.23 (s, 3H); 3C NMR (125 MHz, CDCl3) & 207.70, 204.79,
169.63, 134.67, 128.61, 128.21, 84.71, 68.50, 57.71, 44.55, 30.38, 30.10, 25.55, 25.54.
Enantiomeric excess: 89% (Diacel Chirapak OD-H, hexanes/i-PrOH = 80:20, flow rate 1.0
mL/min, 210 nm, major enantiomer tr = 9.5 min, minor enantiomer tr = 11.1 min). HRMS (ESI)

m/z calculated for [CsH3OsS+Na]* [M+Na]* 345.0767, found: 345.0757.
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(R)-Benzyl 2-Methyl-3-0xo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (6a).
Yellow liquid (87% yield); TLC R, = 0.33 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl;) 3
7.26-7.18 (comp, 8H), 6.91-6.90 (comp, 2H), 5.13 (d,J = 12.0H, 1H), 5.04 (d, J = 12.0 Hz, 1H),
2.30-2.20 (comp, 4H), 1.67-1.55 (comp, 4H), 1.46 (s, 3H); 3C NMR (125 MHz, CDCl3) § 195.52,
174.87, 167.59, 137.24, 135.43, 129.24, 128.46, 128.17, 128.04, 127.98, 127.46, 107.56, 74.97,
67.30, 25.46, 22.16, 22.08, 18.99, 18.93. Enantiomeric excess: 99% (Diacel Chirapak AD-H,
hexanes/i-PrOH = 90:10, flow rate 1.0 mL/min, 210 nm, major enantiomer tr = 12.8 min, minor
enantiomer tr = 14.5 min). HRMS (ESI) m/z calculated for [Cy3H3NO5+Na]* [M+Na]* 384.1570,

found: 384.1568.
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(R)-Benzyl 1-(4-Fluorophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6b). Yellow solid (84% yield); mp = 64.5-65.2 °C; TLC R, = 0.31 (3:1
hexanes/EtOAc). 'H NMR (500 MHz, CDCl;) 7.33-7.26 (comp, SH), 6.96-6.93 (comp, 4H), 5.21
(d, J=12.0 Hz, 1H), 5.08 (d, J=12.0 Hz, 1H), 2.30-2.23 (comp, 4H), 1.74-1.70 (comp, 4H), 1.53
(s, 3H); 3*C NMR (125 MHz, CDCl;) & 195.38, 174.96, 167.39, 161.70 (d, J = 247 Hz), 135.34,
133.06, 133.04, 130.25 (d, J = 8.6 Hz), 128.52, 128.31, 128.20, 116.17 (d, J = 22.5 Hz), 107.45,
74.96, 67.39, 25.21, 22.06, 22.02, 18.95, 18.93. Enantiomeric excess: 99% (Diacel Chirapak AD-
H, hexanes/i-PrOH = 95:5, flow rate 1.0 mL/min, 210 nm, major enantiomer tr = 24.5 min, minor
enantiomer tr = 26.3 min). HRMS (ESI) m/z calculated for [C,3H,FNO;+Na]* [M+Na]™ 402.1476,

found: 402.1474.
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(R)-Benzyl 1-(4-Chlorophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6¢). Yellow solid (84% yield); mp = 68.2-68.8 °C; TLC R, = 0.36 (3:1
hexanes/EtOAc). 'H NMR (500 MHz, CDCl3) 8 7.34-7.33 (comp, 3H), 7.29-7.26 (comp, 2H),
7.21 (d, J=8.5 Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H), 5.21 (d, /= 12.5 Hz, 1H), 5.08 (d, /= 12.5 Hz,
1H), 2.32-2.28 (comp, 4H), 1.76-1.66 (comp, 4H), 1.54 (s, 3H). 3C NMR (125 MHz, CDCl;) §
195.38, 174.54, 167.34, 135.76, 135.29, 133.26, 129.44, 129.22, 128.53, 128.33, 128.21, 108.15,
7491, 67.45, 25.40,22.11, 21.97, 19.04, 18.95. Enantiomeric excess: 99% (Diacel Chirapak I1C-3,
hexanes/i-PrOH = 70:30, flow rate 1.0 mL/min, 210 nm, major enantiomer tr = 22.3 min, minor

enantiomer tr = 25.3 min). HRMS (ESI) m/z calculated for [C;3H,CINOs+Na]®™ [M+Na]*
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418.1180, found: 418.1175.
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(R)-Benzyl 1-(4-Bromophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6d). Yellow liquid (82% yield); TLC R, = 0.37 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl;) 6 7.37-7.33 (comp, 5H), 7.29-7.26 (comp, 2H), 6.83 (d, J = 8.5 Hz, 2H), 5.21 (d, J
=12.0 Hz, 1H), 5.09 (d, J = 12.0 Hz, 1H), 2.33-2.29 (comp, 4H), 1.76-1.67 (comp, 4H), 1.54 (s,
3H); *C NMR (125 MHz, CDCl3) & 195.37, 174.47, 167.34, 136.28, 135.28, 132.44, 129.45,
128.54, 128.35, 128.22, 121.18, 108.25, 74.86, 67.47, 25.44, 22.12, 21.96, 19.07, 18.95.
Enantiomeric excess: 99% (Diacel Chirapak IC-3, hexanes/i-PrOH = 70:30, flow rate 1.0 mL/min,
210 nm, major enantiomer tr = 23.0 min, minor enantiomer tr = 26.3 min). HRMS (ESI) m/z

calculated for [C3H,,BrNOs+Na]* [M+Na]*" 462.0675, found: 462.0672.
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(R)-Benzyl 1-(4-lodophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate
(6e). Yellow liquid (81% yield); TLC Ry = 0.40 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCI;)
5 7.55 (d, J=9.0 Hz, 2H), 7.34-7.33 (comp, 3H), 7.27-7.26 (comp, 2H), 6.69 (d, J = 9.0 Hz, 2H),
5.21(d, J=12.0 Hz, 1H), 5.07 (d, J = 12.0 Hz, 1H), 2.30-2.29 (comp, 4H), 1.74-1.67 (comp, 4H),
1.53 (s, 3H); *C NMR (125 MHz, CDCl;) & 195.37, 174.36, 167.33, 138.42, 137.01, 135.28,
129.55, 128.54, 128.34, 128.19, 108.40, 92.41, 74.84, 67.46, 25.49, 22.13, 21.95, 19.07, 18.9.
Enantiomeric excess: 99% (Diacel Chirapak IC-3, hexanes/i-PrOH = 70:30, flow rate 1.0 mL/min,

210 nm, major enantiomer tr = 24.3 min, minor enantiomer tr = 27.8 min). HRMS (ESI) m/z

S26



calculated for [Cy3H,,105+Na]™ [M+Na]* 510.0536, found: 510.0535.
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(R)-Benzyl 1-(4-Methoxyphenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-
carboxylate (6f). Yellow liquid (84% yield); TLC R, = 0.23 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl;) ¢ 7.33-7.26 (comp, 5H), 6.91 (d, J = 8.5 Hz, 2H), 6.75 (d, J = 8.5 Hz, 2H), 5.19 (d,
J=12.5 Hz, 1H), 5.08 (d, J = 12.5 Hz, 1H), 3.77 (s, 3H), 2.35-2.16 (comp, 4H), 1.71-1.63 (comp,
4H), 1.53 (s, 3H); 3C NMR (125 MHz, CDCl) §195.45, 175.61, 167.58, 158.98, 135.45, 129.87,
129.53, 128.48, 128.19, 128.10, 114.38, 106.55, 75.05, 67.23, 55.43, 25.15, 22.12, 22.07, 18.98,
18.89. Enantiomeric excess: 99% (Diacel Chirapak AD-H, hexanes/i-PrOH = 90:10, flow rate 1.0
mL/min, 210 nm, major enantiomer tr = 17.6 min, minor enantiomer tr = 19.6 min). HRMS (ESI)

m/z calculated for [Co4H,sNO4+Na]* [M+Na]* 414.1676, found: 414.1677.
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(R)-Benzyl 1-(3,4-Dimethylphenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-
carboxylate (6g). Yellow liquid (87% yield); TLC R, = 0.35 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl5) 8 7.33-7.26 (comp, 5H), 7.01 (d, J = 8.0 Hz, 1H), 6.75 (s, 1H), 6.71 (d, J = 8.0 Hz,
1H), 5.20 (d, /= 12.0 Hz, 1H), 5.10 (d, J = 12.0 Hz, 1H), 2.30-2.26 (comp, 4H), 2.22 (s, 3H), 2.13
(s, 3H), 1.73-1.64 (comp, 4H), 1.53 (s, 3H); '3C NMR (125 MHz, CDCl;) 8 195.53, 175.23,
167.69, 137.66, 136.26, 135.55, 134.73, 130.25, 129.08, 128.45, 128.13, 128.04, 125.48, 106.90,
75.00, 67.21, 25.39, 22.15, 19.73, 19.28, 19.01, 18.89. Enantiomeric excess: 99% (Diacel
Chirapak AD-H, hexanes/i-PrOH = 90:10, flow rate 1.0 mL/min, 210 nm, major enantiomer tr =

9.4 min, minor enantiomer tr = 12.0 min). HRMS (ESI) m/z calculated for [C,sH,7NOs;+Na]*
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[M+Na]*" 412.1883, found: 412.1884.
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(R)-Benzyl 1-(4-Cyanophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-
carboxylate (6h). Yellow liquid (78% yield); TLC R, = 0.25 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl;) 6 7.48 (d, J = 8.5 Hz, 2H), 7.34-7.32 (comp, 3H), 7.27-7.25 (comp, 2H), 6.97 (d, J
= 8.5 Hz, 2H), 5.22 (d, J = 12.5 Hz, 1H), 5.08 (d, J = 12.5 Hz, 1H), 2.44-2.43 (comp, 2H), 2.33-
2.31 (comp, 2H), 1.83-1.80 (comp, 2H), 1.71-1.67 (comp, 2H), 1.56 (s, 3H); 3C NMR (125 MHz,
CDCl;) 8195.10, 172.92, 167.09, 141.62, 135.09, 133.16, 128.56, 128.50, 128.31, 126.02, 118.14,
111.02, 109.50, 74.76, 67.74, 26.25, 22.30, 21.70, 19.20, 18.97. Enantiomeric excess: 99% (Diacel
Chirapak AD-H, hexanes/i-PrOH = 90:10, flow rate 1.0 mL/min, 210 nm, major enantiomer tr =
30.3 min, minor enantiomer tr = 36.4 min). HRMS (ESI) m/z calculated for [Cy4H,N,O3;+Na]*

[M+Na]* 409.1522, found: 409.1522.

(@)
ia®.
BnOQC

me N

6i

NO,
(R)-Benzyl 2-Methyl-1-(4-nitrophenyl)-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate
(6i). Yellow liquid (85% yield); TLC R, = 0.30 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCls)
6 8.05 (d, J = 8.5 Hz, 2H), 7.33-7.25 (comp, 5H), 6.98 (d, J = 8.5 Hz, 2H), 5.24 (d, J = 12.5 Hz,
1H), 5.08 (d, J = 12.5 Hz, 1H), 2.51-2.50 (comp, 2H), 2.35-2.34 (comp, 2H), 1.86-1.81 (comp,
2H), 1.74-1.67 (comp, 2H), 1.59 (s, 3H); 3*C NMR (125 MHz, CDCls) 8 195.08, 172.76, 167.00,
144.72, 143.36, 134.99, 128.56, 128.38, 124.95, 124.85, 111.85, 74.82, 67.85, 26.56, 22.36, 21.61,

19.30, 19.01. Enantiomeric excess: 99% (Diacel Chirapak AD-H, hexanes/i-PrOH = 90:10, flow
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rate 1.0 mL/min, 210 nm, major enantiomer tr = 29.0 min, minor enantiomer tr = 33.3 min).

HRMS (ESI) m/z calculated for [Co3H,,N,O5+Na]t [M+Na]* 429.1421, found: 429.1423.
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(R)-Benzyl 1-Hexadecyl-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (6j).
Yellow liquid (46% yield); TLC R, = 0.34 (3:1 hexanes/EtOAc). '"H NMR (500 MHz, CDCl;) &
7.35-7.28 (comp, 5H), 5.18 (d, J = 12.5 Hz, 1H), 5.14 (d, J = 12.5 Hz, 1H), 7.30-7.23 (m, 1H),
3.09-3.02 (m, 1H), 2.49-2.48 (m, 1H), 2.43-2.41 (m, 1H), 2.25-2.23 (comp, 2H), 1.80-1.79 (comp,
2H), 1.69-1.10 (comp, 2H), 1.59 (s, 3H), 1.47-1.45 (comp, 2H), 1.31-1.22 (comp, 26H), 0.89 (t, J
= 7.0 Hz, 3H); 3C NMR (125 MHz, CDCl3) & 194.27, 175.90, 168.05, 135.60, 128.47, 128.14,
127.82, 105.05, 73.89, 67.22, 44.14, 31.92, 30.37, 29.70, 29.66, 29.62, 29.55, 29.52, 29.36, 29.20,
27.02, 24.47, 22.69, 22.13, 22.05, 19.04, 18.80, 14.12. Enantiomeric excess: 99% (Diacel
Chirapak AD-H, hexanes/i-PrOH = 95:5, flow rate 1.0 mL/min, 230 nm, major enantiomer tr = 7.2
min, minor enantiomer tr = 9.2 min). HRMS (ESI) m/z calculated for [C3;3Hs;NO3;+Na]* [M+Na]*

532.3761, found: 532.3753.
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(R)-Benzyl 2-Methyl-3-oxo0-1-phenyl-1,2,3,4,6,7-hexahydrothiopyrano|4,3-b]pyrrole-2-
carboxylate (6k). Yellow liquid (91% yield); TLC R, = 0.35 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl;) § 7.33-7.26 (comp, 8H), 7.00-6.98 (comp, 2H), 5.22 (d, /= 12.0 Hz, 1H), 5.11 (d, J
=12.0 Hz, 1H), 3.50 (d, J = 15.5 Hz, 1H), 3.40 (d, J = 15.5 Hz, 1H), 2.80-2.78 (comp, 2H), 2.57-
2.55 (comp, 2H), 1.54 (s ,3H); 13C NMR (125 MHz, CDCls) & 194.23, 173.45, 167.05, 136.51,
135.22, 129.48, 128.58, 128.53, 128.33, 128.20, 128.19, 104.54, 74.28, 67.54, 27.57, 24.79, 21.13,

18.80. Enantiomeric excess: 99% (Diacel Chirapak AD-H, hexanes/i-PrOH = 90:10, flow rate 1.0
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mL/min, 230 nm, major enantiomer tr = 19.7 min, minor enantiomer tr = 25.5 min). HRMS (ESI)

m/z calculated for [Cy,H, NO;S+Na]* [M+Na]* 402.1134, found: 402.1127.
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(R)-Methyl 2-Methyl-3-0xo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate  (6l).
Yellow solid (89% yield); mp = 96.5-97.9 °C; TLC R, = 0.21 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl;) § 7.38 (comp, 2H), 7.32-7.29 (m, 1H), 7.11 (d, J = 8.0 Hz, 2H), 3.71 (s, 3H), 2.33-
2.28 (comp, 4H), 1.76-1.65 (comp, 4H), 1.52 (s, 3H); *C NMR (125 MHz, CDCls) & 195.53,
175.08, 168.23, 137.31, 129.35, 128.15, 127.69, 107.33, 74.98, 52.84, 25.44, 22.10, 22.03, 19.08,
18.95. Enantiomeric excess: 99% (Diacel Chirapak AD-H, hexanes/i-PrOH = 96:4, flow rate 1.0
mL/min, 254 nm, major enantiomer tr = 18.2 min, minor enantiomer tr = 19.8 min). HRMS (ESI)

m/z calculated for [C;H;9NOs+Na]* [M+Na]* 308.1257, found: 308.1257.
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(R)-Cyclohexyl 2-Methyl-3-0xo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate
(6m). Yellow liquid (88% yield); TLC R, = 0.42 (3:1 hexanes/EtOAc). 'H NMR (500 MHz,
CDCl3) 6 7.35-7.33 (comp, 2H), 7.28-7.26 (m, 1H), 7.12-7.10 (comp, 2H), 4.79-4.76 (m, 1H),
2.36-2.28 (comp, 4H), 1.78-1.56 (comp, 9H), 1.50 (s, 3H), 1.49-1.23 (comp, 7H); 3C NMR (125
MHz, CDCl;) 6 195.78, 174.61, 167.03, 137.49, 129.23, 127.72, 127.29, 107.57, 75.22, 73.91,
31.12, 30.98, 25.57, 25.31, 23.18, 23.09, 22.25, 22.12, 19.02, 18.71. Enantiomeric excess: 99%
(Diacel Chirapak AD-H, hexanes/i-PrOH = 95:5, flow rate 1.0 mL/min, 210 nm, major
enantiomer tr = 12.2 min, minor enantiomer tr = 15.8 min). HRMS (ESI) m/z calculated for

[C2,HNO5+Na]* [M+Na]* 376.1883, found: 376.1874.
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(R)-Methyl 2-Ethyl-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate  (6n).
White solid (28% yield); mp = 121.0-123.0 °C; TLC R, = 0.25 (3:1 hexanes/EtOAc). 'H NMR
(500 MHz, CDCls) 6 7.31-7.28 (comp, 2H), 7.23-7.19 (m, 1H), 7.04-7.02 (comp, 2H), 3.62 (s, 3H),
2.37-2.31 (comp, 3H), 2.25-2.24 (comp, 2H), 1.90-1.87 (m, 1H), 1.70-1.58 (comp, 5H), 0.69 (t, J
= 7.0 Hz, 3H); 3C NMR (125 MHz, CDCl3) 8 194.62, 175.95, 167.99, 137.42, 129.30, 127.06,
126.97, 109.58, 79.19, 52.74, 25.78, 24.72, 22.30, 22.05, 18.85, 7.01. Enantiomeric excess: 99%
(Diacel Chirapak IC-3, hexanes/i-PrOH = 70:30, flow rate 1.0 mL/min, 210 nm, major enantiomer
tr = 21.8 min, minor enantiomer tr = 29.5 min). HRMS (ESI) m/z calculated for [C,gH,;NO3;+Na]*

[M+Na]* 322.1413, found: 322.1414.
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(R)-Ethyl 3-Oxo-1,2-diphenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (60). Yellow
solid (73% yield); mp = 126.6-128.8 °C; TLC Ry = 0.36 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl;) 6 7.28-7.26 (comp, 3H), 7.21-7.19 (comp, 5H), 6.91-6.89 (comp, 2H), 4.19 (q, J =
7.0 Hz, 2H), 2.54-2.48 (m, 1H), 2.41-2.24 (comp, 3H), 1.86-1.68 (comp, 4H), 1.15 (t, /= 7.0 Hz,
3H); *C NMR (125 MHz, CDCl3) & 193.78, 175.70, 166.71, 137.73, 135.36, 128.78, 128.72,
128.30, 128.27, 128.20, 127.14, 108.05, 82.15, 62.24, 2594, 22.26, 22.07, 19.12, 13.99.
Enantiomeric excess: 99% (Diacel Chirapak AD-H, hexanes/i-PrOH = 90:10, flow rate 1.0
mL/min, 210 nm, major enantiomer tr = 9.4 min, minor enantiomer tr = 11.1 min). HRMS (ESI)

m/z calculated for [Co3Hp3NOs+Na]* [M+Na]* 384.1570, found: 384.1563.

S31



(@)
N

-
S
N

o]
6p

(R)-Ethyl 2-(4-Chlorophenyl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate
(6p). Yellow liquid (58% yield); TLC Ry = 0.42 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl;)
6 7.28-7.19 (comp, 7H), 6.94 (d, J = 8.5 Hz, 2H), 4.19 (q, J = 7.0 Hz, 2H), 2.59-2.54 (m, 1H),
2.42-2.39 (m, 1H), 2.33-2.30 (comp, 2H), 1.86-1.85 (m, 1H), 1.75-1.70 (comp, 3H), 1.15 (t, J =
7.0 Hz, 3H); 3C NMR (125 MHz, CDCls) & 193.54, 175.92, 166.37, 137.63, 134.37, 133.76,
130.16, 128.95, 128.47, 127.77, 127.24, 108.35, 81.37, 62.40, 26.06, 22.26, 22.00, 19.10, 13.97.
Enantiomeric excess: 99% (Diacel Chirapak OD-H, hexanes/i-PrOH/MeOH = 94:4:2, flow rate
1.0 mL/min, 210 nm, major enantiomer tr = 8.0 min, minor enantiomer tr = 8.8 min). HRMS (ESI)

m/z calculated for [Cy3H»,CINO;+Na]™ [M+Na]* 418.1180, found: 418.1174.
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(R)-Ethyl 2-(4-Bromophenyl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate
(6q). Yellow solid (46% yield); mp = 126.9-129.8 °C; TLC R, = 0.43 (3:1 hexanes/EtOAc). 'H
NMR (500 MHz, CDCls) & 7.43 (d, J = 8.5 Hz, 2H), 7.25-7.23 (comp, 3H), 7.15 (d, J = 8.5 Hz,
2H), 6.95-6.93 (comp, 2H), 4.18 (q, J = 7.0 Hz, 2H), 2.59-2.54 (m, 1H), 2.42-2.38 (m, 1H), 2.34-
2.30 (comp, 2H), 1.87-1.84 (m, 1H), 1.78-1.70 (comp, 3H), 1.14 (t, J = 7.0 Hz, 3H); *C NMR
(125 MHz, CDCl;) 6 193.49, 175.92, 166.30, 137.63, 134.26, 131.42, 130.44, 128.96, 127.68,
127.22, 122.63, 108.42, 81.41, 62.40, 26.07, 22.26, 21.99, 19.10, 13.96. Enantiomeric excess: 99%
(Diacel Chirapak OD-H, hexanes/i-PrOH/MeOH = 94:4:2, flow rate 1.0 mL/min, 254 nm, major
enantiomer tr = 8.2 min, minor enantiomer tr = 8.8 min). HRMS (ESI) m/z calculated for

[C3H,,BrNO;+Na]* [M+Na]* 462.0675, found: 462.0672.
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(R)-Ethyl 2-(4-Methoxyphenyl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-
carboxylate (6r). Yellow liquid (67% yield); TLC Ry = 0.22 (3:1 hexanes/EtOAc). 'H NMR (500
MHz, CDCl;) 6 7.23-7.22 (comp, 3H), 7.12 (d, J = 8.5 Hz, 2H), 6.93-6.91 (comp, 2H), 6.81 (d, J
= 8.5 Hz, 2H), 4.21 (q, J = 7.0 Hz, 2H), 3.80 (s, 3H), 2.53-2.49 (m, 1H), 2.44-2.33 (comp, 2H),
2.28-2.24 (m, 1H), 1.85-1.75 (comp, 4H), 1.18 (t, J= 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl;) &
193.85, 175.66, 166.89, 159.50, 137.72, 130.15, 128.73, 128.39, 127.49, 127.17, 113.74, 107.77,
81.83, 62.25, 55.28, 25.93, 22.26, 22.10, 19.15, 14.02. Enantiomeric excess: 99% (Diacel
Chirapak OD-H, hexanes/i-PrOH/MeOH = 90:8:2, flow rate 1.0 mL/min, 254 nm, major
enantiomer tr = 10.7 min, minor enantiomer tr = 11.8 min). HRMS (ESI) m/z calculated for

[C24H2sNO4+Na]* [M+Na]* 414.1676, found: 414.1675.
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(R)-Ethyl 2-(Naphthalen-2-yl)-3-oxo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-
carboxylate (6s). Yellow solid (61% yield); mp = 162.6-165.5 °C; TLC R, = 0.33(3:1
hexanes/EtOAc). 'H NMR (500 MHz, CDCls) & 7.85 (s, 1H), 7.80 (d, /= 9.0 Hz, 2H), 7.73 (d, J =
9.0 Hz, 1H), 7.50-7.46 (comp, 2H), 7.22-7.19 (comp, 4H), 6.96-6.94 (comp, 2H), 4.25 (q, J = 7.0
Hz, 2H), 2.61-2.56 (m, 1H), 2.48-2.31 (comp, 3H), 1.89-1.87 (m, 1H), 1.81-1.78 (comp, 3H), 1.19
(t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCl;) & 193.73, 175.85, 166.73, 137.79, 133.12,
133.00, 132.69, 128.80, 128.49, 128.19, 127.77, 127.44, 127.19, 126.45, 126.34, 126.01, 108.22,
82.17, 77.30, 77.05, 76.80, 62.34, 26.02, 22.31, 22.09, 19.20, 14.03. Enantiomeric excess: 99%
(Diacel Chirapak OD-H, hexanes/i-PrOH = 90:10, flow rate 1.0 mL/min, 254 nm, major
enantiomer tr = 9.6 min, minor enantiomer tr = 12.0 min). HRMS (ESI) m/z calculated for

[C27H,sNO5+Na]* [M+Na]* 434.1726, found: 434.1721.
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(R)-Ethyl 3-Oxo-1-phenyl-2-(thiophen-2-yl)-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate
(6t). Yellow liquid (72% yield); TLC R, = 0.34 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl;)
8 7.28-7.25 (comp, 4H), 7.04 (dd, J=4.0 Hz, 1.0 Hz, 1H), 7.00-6.98 (comp, 2H), 6.94 (dd, J=4.0
Hz, 1.0 Hz, 1H), 4.24 (q, J = 7.0 Hz, 2H), 2.53-2.50 (m, 1H), 2.39-2.34 (comp, 3H), 1.83-1.76
(comp, 4H), 1.21 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCls) 8 192.93, 175.62, 165.90,
137.61, 136.53, 128.93, 128.09, 127.51, 127.20, 126.31, 126.28, 107.16, 78.49, 62.60, 26.12,
22.27, 22.02, 19.16, 14.00. Enantiomeric excess: 99% (Diacel Chirapak OD-H, hexanes/i-
PrOH/MeOH = 90:8:2, flow rate 1.0 mL/min, 254 nm, major enantiomer tr = 9.1 min, minor

enantiomer tr = 9.8 min). HRMS (ESI) m/z calculated for [C;;H,;NO;S+Na]* [M+Na]* 390.1134,

found: 390.1129.

8d

Br
(2R,38,3aS,7aR)-Benzyl 1-(4-Bromophenyl)-3-hydroxy-2-methyloctahydro-1H-indole-2-

carboxylate (8d). White solid (81% yield); mp = 43.0-453 °C; TLC R, = 0.20 (3:1
hexanes/EtOAc). 'H NMR (500 MHz, CDCls) 8 7.34-7.28 (comp, 5H), 7.19 (d, J = 9.0 Hz, 2H),
6.37 (d, ] =9.0 Hz, 2H), 5.26 (d, J=12.0 Hz, 1H), 5.21 (d, /= 12.0 Hz, 1H), 4.20-4.18 (t, J = 6.0
Hz, 1H), 3.91-3.87 (m, 1H), 2.46-2.40 (m, 1H), 2.31 (d, /= 7.0 Hz, 1H), 2.18-2.15 (m, 1H), 1.95-
1.92 (m, 1H), 1.74-1.51 (comp, 8H), 1.23-1.20 (m, 1H); '3C NMR (125 MHz, CDCl;) & 173.29,
143.07, 135.46, 131.46, 128.50, 128.31, 128.27, 116.36, 108.36, 85.46, 72.64, 67.23, 58.77, 38.10,
27.21, 23.43, 22.31, 20.86. Enantiomeric excess: 99% (Diacel Chirapak OD-H, hexanes/i-PrOH =

95:5, flow rate 1.0 mL/min, 254 nm, major enantiomer tr = 8.4 min, minor enantiomer tr = 9.5
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min). HRMS (ESI) m/z calculated for [C,3H6BrNO;S+Na]* [M+Na]* 466.0988, found: 466.0990.
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(R)-Benzyl 1-(4-Bromophenyl)-2-methyl-3-oxoindoline-2-carboxylate (9d). Yellow solid (65%
yield); mp = 63.7-64.8 °C; TLC R, =0.22 (3:1 hexanes/EtOAc). 'H NMR (500 MHz, CDCl3) &
7.72 (d, J=7.5 Hz, 1H), 7.50-7.46 (m, 1H), 7.40 (d, /= 9.0 Hz, 2H), 7.34-7.32 (comp, 3H), 7.23-
7.21 (comp, 2H), 6.98 (d, J = 9.0 Hz, 2H), 6.94-6.91 (comp, 2H), 5.24 (d, J = 12.5 Hz, 1H), 5.06
(d, J=12.5 Hz, 1H), 1.60 (s, 3H); 3C NMR (125 MHz, CDCl;) 8 196.36, 167.80, 159.30, 137.85,
137.61, 135.00, 132.83, 128.54, 128.44, 128.31, 127.28, 125.62, 119.93, 119.78, 111.35, 74.85,
67.72, 19.05. Enantiomeric excess: 98% (Diacel Chirapak AD-H, hexanes/i-PrOH = 90:10, flow
rate 1.0 mL/min, 254 nm, major enantiomer tr = 10.2 min, minor enantiomer tr = 10.9 min).

HRMS (ESI) m/z calculated for [C,3H sBrNO;+Na]* [M+Na]* 458.0368, found: 458.0366.
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HPLC spectra of products 3a-m, 4a-m, 6a-t, 7d.
(R)-Benzyl 2-Hydroxy-3-o0xo0-2-[(S)-2-oxocyclohexyl]butanoate (3a).

S36



DAD1 D, Sig=230.4 Ref=off (SQ'Me OBn major racemic.D)

=
o 8
s
&
L )
T T T T T L=
5 7 8 min| | []
[] Tvl
# Time Area Height Width  Area% try
I'T] 7sm? | uma | 722 | 02355 [ 45990 | o0.698 |
[ 2] 8,5 | um3 | 67.2 | ozmz [ soos0 [ 0715 |
[ DAD1 D, Sig=230,4 Raf=off (SQ\Me UBn major CHIRAL.D) =
Sl
2507 BnOZC H H
E Z @
E MeOC
1513{ HO
100-] O
] (3a, 99% ee) 2
(= . 1 L]
5 e T 7 s s ]| =]
# Time Area Height Width  Arca% Sy ¥
[T 763 | 127 | sx1 | ©as7%6 | 0.331 | 6.087 |
[z ] 845 | =z | 275 | o273 | 99669 | 0642 |
(8)-Benzyl 2-Hydroxy-3-0x0-2-[(S)-2-oxocyclohexyl]butanoate (4a).
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(R)-Methyl 2-Hydroxy-3-0xo0-2-[(5)-2-oxocyclohexyl]|butanoate (3b).
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(R)-Cyclohexyl 2-Hydroxy-3-o0x0-2-[(S)-2-oxocyclohexyl]butanoate (3c).
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(R)-Methyl 2-Hydroxy-3-oxo0-2-[(5)-2-oxocyclohexyl]pentanoate (3d).
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(S)-Methyl 2-Hydroxy-3-0x0-2-[(S)-2-oxocyclohexyl]pentanoate (4d).
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(R)-Benzyl 2-Hydroxy-3-o0xo0-2-[(S)-2-oxocyclohexyl]-4-phenylbutanoate (3e).
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(8

Benzyl 2-Hydroxy-3-o0x0-2-[(5)-2-0xocyclohexyl]-4-phenylbutanoate (4e¢).
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(R)-Ethyl 2-Hydroxy-3-0x0-2-[(S)-2-oxocyclohexyl]-3-phenylpropanoate (3f).
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(R)-Ethyl 3-(4-Chlorophenyl)-2-hydroxy-3-o0xo-2-[(S)-2-o0xocyclohexyl]propanoate (3g).
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DAD1 B, Sig=254,4 Ref=off (SQl4Cimajoracamicl 11.0)

mAl |
1780-]
150n—f
12511—5
1000
75n—f e
s = il
500-| o) =
200- Cl (racemic) /k
0 T T T . T T * T T
2 . e 2 10 12 14 min j
[T |
# Time Area Height Width Area% Symmetry
[t ] w7 | 152038 | +5 [ 06723 | 50623 | 0851 |
2] 1rm3s | wm3 | 3324 | 08833 | 49377 | 079 |
I DAD B, Sig=254.4 Ref=off (SQ4Cimajorchiral D) i
m_f 3 Jé;‘o_,
3 B g
< EtOZC= H ol
00| O 7
200
100 E
. =
- oyl ) L = i
2 139, 99%%®ee) | 10 1z ]| |+
[ |
# Time Area Height Width  Area% Symmetry
[ 1] o153 [ w2197 | 3713 | 07281 | 99.415 | 0319 |
[z 118 ] 95,4 | e | ossme | osss | 0w
(S)-Ethyl 3-(4-Chlorophenyl)-2-hydroxy-3-oxo0-2-[(5)-2-oxocyclohexyl]|propanoate (4g).
[ DAD1 B, Sig=264,4 Refoff (SQ\4Ciminomecamic. D) ]
A
s00-| EtOZC H
200 O\\\\“ ),
00| HO
] @) E "
N 2 :
100-| . L
: Cl (racemic)
o T i 7 = — — T 7
2 4 a8 e 10 12 14 min j
(1 ]
# Time Area Height Width Area% Symmetry
[+ ] sois | 4611t | 136s | 0535 | 51748 | 0952 |
[ 2] mmwoes | assta | wes | osnz | 48282 | o867 |
[ DAD1 B, Sig=254,4 Ref=off (SQl4Cimnorchiral. D) =
=
200 EtOQC H
wu—; O\‘“.‘ 1,
B @
B 8
- HO g
200 O
‘1D|J—:
: Cl (49, 94% ee) & -
L= —_—— T —————— " : i
2 A e il 10 12 4 in j
(I [+
# Time Area Height ‘Width Area% Symmetry
[ 1] 8os3 | 318 | 111 [ 05203 | 3088 | 0999 |
[ 2] owee | ussss | 238 | 07417 | 96916 | 0.7% |

(R)-Ethyl 3-(4-Bromophenyl)-2-hydroxy-3-o0xo0-2-[(S)-2-oxocyclohexyl]propanoate (3h).
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[ DAD1 B, 5ig=254,4 Raf=off (SQ\4Brmajomacemic.D)

mA
1000— EtOZC, H
800
’ i
800 = 5
o
400
=3 Br (racemic)
o T T T . T T
2 4 [ 8 10 12 14 min | |«
4 ﬂ
# Time Area Height ‘Width Area% Symmetry
[[1 ] 9526 [ 2ss986 | 5411 | 07298 | s0.642 | 0.828 |
| 2] 12077 | 248524 | 4121 | 0937 | 49.358 | 0807 |
[ DAD1 B, Sig=254,4 Ref=off (SQI4Brmajorchiral. D) =
=
EtO,C  H
O z
€00
: &
B 5
200 o, 4&'@
- Br (3h, 99% ee) B S W
o
7 . n
5 1 P ; 5 = 5 e
|1 |
# Time Arca Height Width Area% Symmetry
[ 1] 9827 | 1owe6 | 3138 | 10044 | 99480 | 0.7%
| 2| 12137 | sss | Z1 | om2s [ oswo [ o
(S)-Ethyl 3-(4-Bromophenyl)-2-hydroxy-3-0x0-2-[(S)-2-0xocyclohexyl|propanoate (4h).
[ DAD1 B, Sig=254,4 Ref=off (SQI4Brminomacamic.0) =
=
I E0.C  H )
\\\\" ',,// f 2
B80—| &
g s
e
G
Br
il
7 g . e = el s
|1 |
# Time Area Height Width Area% Symmetry
[ 1] 84 | 2a22 [ &11 | 06105 | s0.86 | 0.841 |
[ 2] wess | zms3 | 47.7 | o7 | a8z | o1z |
[ DAD1 B, Sig=254,4 Ref=off (SQ4Brminorchiral 0] =
e
EtO,C H
150
2 O\\u“ -/,
128 " m""f'h
100 HO ﬁ r.
= ‘C_V.a
75 O
m—z &
2 a
23 Br (4h, 95% ee) B
L o .
z R 10 12 i | <
I i)
# Time Arca Height Width Area% Symmetry
[ 1] 877 121.8 21 [ o2 [ 2301 | o
[ 2| 10ss 51712 78.6 | 1o%61 [ 97ess | o |

(R)-Ethyl 2-Hydroxy-3-(4-methoxyphenyl)-3-0x0-2-[(S)-2-oxocyclohexyl|propanoate (3i).
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[ DAD1 B, Sig=254,4 Ref=off (5Q140OMeCEImajoracemic2 D) A
mAl |
=0-
—
30— @
- o
20° 2 £
- M
E a
105
: . MeO [ /\\_
o -
T T T T T
10 12.8 15 175 20 2258 28 278 2 min| | [
O] |
# Time Area Height Width Area% Y
[1 ] 15233 | sea3 | 17.9 [ 0774 [ s0.029 | o0.668
[ 2] 251w |  se86 | 0 [ osim [ 971 | 0653
[ DAD1 B, S1g=254,4 Raf=off (SQ\6OMeOE majorchral2.0) A
mal -
175—:' EtOZC H
5 3 =
160= =
125—
100
75
=t &
E A 2
25 MeO (3i, 99% ee) £
o . i
10 12 14 18 18 20 2 24 26 min | |-
[ I
# Time Area Height Width Area% Symmetry
[1 ] 15088 | 488 | 131 | o479 [9988 [ o086 |
[ 21 217 ] 6.4 | 211 | oss | 0as2 | o423 |

(S)-Ethyl 2-Hydroxy-3-(4-methoxyphenyl)-3-ox0-2-[(S)-2-oxocyclohexyl]propanoate (4i).

[ DAD1 B, Sig=254.4 Ref=off (SQ"40MeOE tminonscemicl D) =
Al
- EtO,C H
44]—2 O\\“‘. "'//
30— 8 HO
q 5
. : o 3
: 5
10—|
: ‘ MeO racemic
-.u: 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 L
10 1z 14 16 18 20 22 24 mn| | =]
[a] )
# Time Area Height width  Area% Symmetry
[T ] 12035 ] 517.7 212 [ 03647 [ so.120 | 0683 |
2] 23104 | 5152 0.3 | o07%: | 48880 | 0673 |
[ DAD1 B, Sig=254,4 Ref=off (SQL40MaOEtminarchiral D) =
mill |
- EtOZC H 3
3 o
w—f O\‘"“ \"/1/ :
20- HO
) . O
e g 'C’\\
E e .
: . MeO (4i, 98% ee)
10| T T T T T T T T T T T T =
10 a7 14 1% 18 20 22 24 mn| ||~
O] Iz
# Time Arca Height Width Area% Symmetry
[A ] 12162 | 221 i [ o355 | oo [ 0703 |
2 | 233 | aimsa 43 | o75es | w8e | 0s12 |

(R)-Ethyl 3-(4-Cyanophenyl)-2-hydroxy-3-oxo-2-[($)-2-oxocyclohexyl|propanoate (3j).
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DAD1 8, Sig=254,4 Ref=off (SQ4CNOE tmajorracemicl.D)

AL
zsun—f
E o
2000—| &
3 = o
] &
1500 E
won—f
= NC (racemic) L
7 ! z 5 Hlls
(1 ]
# Time Area Height Width Area% Symmetry
[A ] 887 [ 373217 | 17437 | 03297 | 49.593 | 0658 |
2| 9925 | 3738 | 188 | o487 | 50407 | o475 |
[ DAD1 B, 5ig=254,4 Ref=off (SQI4CNOEtmajorchiral.0) =
)
: EtO,C H
1200 | Z
E O=>
1000 T
J 3
B00—| E
BDIJ—E
400
o NC  (3j, 99% ee) . i
o 3
T T — T | W ) L
[ |
£ Time Area Height Width Arga% Symmetry
[1] 9027 ] 47 | 2.4 [ 03008 | 0232 [ o786 |
2] o4 | w2488 | 7458 | 04108 | 99.768 | 0.525 |
(S)-Ethyl 3-(4-Cyanophenyl)-2-hydroxy-3-0xo0-2-[(S)-2-oxocyclohexyl|propanoate (4j).
| DAD1 B, Sig=254,4 Ref=off (SQ4CNCE tminarracemic1 D) E
A |
: EtO,C H
WIJ*_ O
| NSt 1))
300—|
: HO i 3
g = s
200 (@] A
00— .
] NC (racemic) ]
o ;
T Z z I = = 5 =] |21
(1] I 1|
# Time Arca Height Width Area% Symmetry
[ 1] 1244 | 3118 [ 2233 | 043% | 49403 | 0.77% |
| 2] 13483 | 643 | 2045 | 04848 | 50597 | 0705 |
[ DAD1 B, Sig=264,4 Ref=off (8Q\4CNCEtminarchiral. D) [
mict
. EtO,C H
1200— 0
1000 e \"///
EDD; HO E
mn; O
Aum—:
o NC (4j, 96% ee) i -
q 2
0] E
T 5 I Z i = % Al
Gl [ —
# Time Area Height Width Area% Symmetry
[1 ] 12372 | 189753 | e686 | 04391 | 97917 | 0693 |
[ 2] 132 | 4036 | 114 | o585 | 2083 | 07% |

(R)-Ethyl 2-Hydroxy-3-(naphthalen-2-yl)-3-0x0-2-[(S)-2-oxocyclohexyl|propanoate (3k).
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DAD1 B, Sig=254,4 Ref=cff ($QinspOEimajomacamic.D) [
mal |
] EtO,C H
800 Z
: ° :
Wlli 2 %
] 8
400
2t (racemic)
[ T 1 1 E T T T I : T T
10 15 20 25 £ 35 40 min|| |«]
] JIE]
z Time Area Height Wwidth Area% Symmetry
[[1] 3054 [ 350571 | 5286 | 0.9397 | 48.555 | 0.6687 |
| 2 36464 | 36873 | 4196 | 12582 | 0445 | 0.537 |
[ DAD1 B, Sig=254,4 Raf=off (SQins pOEtmajorehiral D) =
—
. EtO,C H z
800 2 z E
4 (o) = g
00—
400;
200—: o o éﬁ;\
: (3k, 99% ee) s |
o \ L {2
10 15 2 2 2 2 2 mn =]
ET| ] =]
2 Time Area Height Wwidth Area% Symmetry
[1] 30374 | 495%.3 | 6975 | 10154 | 99.457 | 0677 |
| 2] s7272 | 24 | 3 | 1253 | o043 | 0755 |

(S)-Ethyl 2-Hydroxy-3-(naphthalen-2-yl)-3-0x0-2-[(5)-2-oxocyclohexyl|propanoate (4Kk).

[ DAD1 B, Sig=254,4 Ref=off (SQinapOEtminomecemic1 1.0} [=]
) - T~
EtO,C H
400—
O\\\l\‘ ‘.,
1y o
200 2
HO g
200- (@)
100-= .
: (racemic)
L T
T T T T T =
5 10 15 20 25 min| | ]
[T 0|
# Time Area Height Width  Area% Symmetry
[+ [ 1257 | %9518 | 5102 | 03822 | 49.780 | 0.659 |
[ 2] o4ss2 | 430864 | 27 | 0.2 | sz | 0882 |
[ DAD1 B, Sig=254 4 Ref=off (SQ\napOEtminamhimali 1 D) =
2
Et02C H 3
800—
i O\\\\" ',,,/
= HO
Wu{ O O
: &
5 8 &
- (4k, 97% ee) = ,
: w 1‘5 B = =l
(1| I+
# Time Area Height Width Area% Symmetry
[t ] 12553 [ 83a5 | 328 [ 04234 | 1681 | 073 |
2] 2a74a | aseos1 | se71 | 08233 [ @831 | o585 |

(R)-Ethyl 2-Hydroxy-3-0x0-2-[(5)-2-oxocyclohexyl]-3-(thiophen-2-yl)propanoate (31).
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I DAD! 8, 519=254 4 Raf=off (SQ.SCEImaoraceme1.D)

[*]

mal
1200 -
= B
mlm—r o z
800~ 2
800~
400:
200 L
o I
T T 7 i T T T T
2 4 8 8 10 12 14 18 min j
(ol |
L3 Time Area Height width Area% '8
[1 ] 12571 | 279326 | 9359 | 04542 | 49.875 | 053 |
| 2] 15261 | 280727 | 787 | 05617 | 50.125 | 0.475 |
[ DAD1 B, Sig=254,4 Ref=off (SQ\SOEims orchiral. D) [
il
1200{ EtOZC; H
1000 0
00—
m_ ;
400
200 E =
3 o
0| I i
T T T T T T G T
2 4 8 8 10 12 14 e min| | ||
I | i}
# Time Area Height Width Area% Symmetry
[1 ] 1287a | w76 | a7 [ 0433 | 0602 | 0819 |
2] 1531 | 177727 | 4876 | 0.5552 | 99.398 | 0.525 |

(S)-Ethyl 2-Hydroxy-3-o0x0-2-[(S)-2-oxocyclohexyl]-3-(thiophen-2-yl)propanoate (41).

[ DAD1 B, Sig=254 4 Ref=off (SQVS0Etminomacamic1111.0)

mAl |
] 8 g
EtO,C H i
Bn—_ \\\l“ n,,/
40—: \ O
1 N
20| .
: (racemic)
] i L
7 T T T T T =
5 10 15 20 a5 min | [-|
I I+]
# Time Area Height Width Area% Symmetry
[ 1] 2565 [ 3835 | 758 [ o782 [ 48843 | o.6s
| 2] 2748 [ = | 72 07992 | 51157 | 0.687 |
| DAD1 B, Sig=264,4 Ref=off (SQ.SOEtminorchirali111.0) Z
mall |
EtO,C H
150 O
126 S /1)

00| S HO

e

50=
: (41, 92% ee)
35|
= L L
T T T T T
5 il 15 20 25 rmin d
I I+]
# Time Area Height Width Area% Symmetry
[ 1] 25594 [ 7231 | 1458 | 0827 [9s8m | 0
| 2] 2735 [ =317 | 7.4 | omes | 4130 | om |

(R)-Benzyl 2-Hydroxy-3-o0xo0-2-[(S)-4-oxotetrahydro-2 H-thiopyran-3-yl|butanoate (3m).
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DAD1 C, Sig=210,4 Ref=off (SQ\sulfur msjor rapamic.D) =]
maLl -
500—| &
] o
00| 2 o
B N
E g
300
200
100
0| . " Il
T T T ¥ E T
2 4 10 12 in j
Kl I |
# Time Area Height ‘Width Area% Symmetry
[ 1] w25 [ 87553 | 3981 | 0.3324 | s0.524 | 0.801 |
[ 2] 12212 [ 85736 | 3259 | 0407 | w47 | 0778 |
[ DAD1 C, Sig=210,4 Ref=off (SQisuffur major chiral.Dj) [
Ll -
ZSQE E
o
200—|
150 —|
100 |
50—| o
E &
S
o-| £ L 7 !
3 I g : 5 = = 5
I |
# Time Arca Height Width Area% Symmetry
[1 ] 1023 ] 3.4 I 15 [ 03453 [ 0643 | 0853 |
| 2] 12258 [ sm3 | 213 | 0403 [ @a3s7 | o0soe |

(S)-Benzyl 2-Hydroxy-3-oxo-2-[(S)-4-oxotetrahydro-2H-thiopyran-3-yl|butanoate (4m).

| DAD1 C, 5ig=210,4 Ref=off (SQ\sufur minor racamic. D) =
mell |
25n—f
zno—i
Te0- 2 .
] & =
100—| =
. /\
o3 L .
: + < s It 12 in]| <
[3I [+]
& Time Area Height ‘Width Area% Symmetry
[ 1] o519 [ 21338 [ 1123 [ 0292 | 5041 | 0821 |
[ 2] 1 | 2089 | 92.5 | 0349 |86 | 08 |
[ DAD1 C, Sig=210,¢ Ref=off (Qisuffur minor chiral.D) =
mAl ]
1780
150‘17; 2
| o
1250-| =]
mno—f
7511—2
500 <&
: &
3 &
250 : sv?‘ —
0_- T T T E T T T
= 4 € 2 10 12 in j
[T [+
# Time Area Height Width Area% Symmetry
[1] 91 [ 15686 | 84.5 [ 03093 [ 5584 | w085 |
| 2| w94 [ w5227 | 1543 | 03541 | 94416 | 0880 |

(R)-Benzyl 2-Methyl-3-o0xo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (6a).
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DAD1 €, Sig=210.4 Ref=off (SQ'Ph racemic1.D)

8- Q

: z \; >
w_: BnO,C N

- Me

12 822

(racemic) =
] 1 It ° 1 1 5 mi | <)
) [ 2]
2 Time Area Height Width Area% Symmetry
[1] s | 02 | 274 | 03M3 | 456% ] 0631 |
[2] mois | e91 | ;7 | o401 | m320 | o61¢ |
[ DAD1 C, Sig=210,4 Ref=off (3Q"Ph recemic.D) [+]
P
E Q >
250 - ;
: i_Q g"‘gﬁé’
200— 3
E BnOC73Ny
150 Me
‘HJIJE
i 6a @
50— & &
E ¥ ‘
e — — — — (R9Y% ee) = =
10 I 12 1 14 15 i ||+
# Time Area Height width  Area% Symmetry
[T 1296 | 218 | 941 | 0371 | 04% | 0976 |
2| 14626 | 50633 | 1741 | 04848 | 99572 | 0.6 |
(R)-Benzyl 1-(4-Fluorophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-
carboxylate (6b).
‘ DAD1C, Sig=210.4 Raf=off (SQ%4-F racamici.D) Z
ETT O
120—:
1nné BnO,C N
- Me
= 2 T
60— § g
e
20*; F
(racemic) 4
I T 2 = ' | o]
el el
#  Time Area Height Width  Area% y
[1 ] 24293 | 25687 | 523 | 07409 [ 48.564 | 0.626 |
[2] 26274 | o706 | 487 | 08276 | 51436 | 0.643 |
[ DAD1 C, Sig=2104 Raf=off (SQWF chiral 0) [
mAJ- O
o \ 8
d BnOzC B N &
4 Me
- =
: || 6b g
o N N L
] T
1= F
q (R-99% ee)
T T A} 7T T T T T 1=
18 18 20 22 24 28 28 min| | x|
[ I 2]
#  Time Area Height Width _ Area% Symmetry
[1] 246 | 43 72261 1 02653 | 0455 | 0.972 |
[ 2] 26455 | w83 | 188 | o801 | 99.545 | 0.617 |
(R)-Benzyl 1-(4-Chlorophenyl)-2-methyl-3-oxo0-2,3,4,5,6,7-hexahydro-1H-indole-2-
carboxylate (6c¢).
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DAD1 €, Sig=210, 4 Raf=off (SQM-Cl racemict. D)

il A\ 8 2
250- BnOZC%NM E 2
- Me o
150=
100=
u_f Cl 1 il ||
"% s (racemic) m» = 2 min| ||+
] 4
# Time Area Height Width  Area% Sy Y
11 nm 9863.7 L8 0.M3 | 50010 | 0.8
7 | B 58%.7 157 08372 | w50 | 087
| DAD1 C, 5ig=210,4 Ref=off (S04-C) chiall D) 4]
mi= Q z
E i_Q §
4 ]
200_' N
3 BnO,C™: N
L Me
100 &
- 6¢c E
O—E S !
—r———T — | :
18 18 (|~| bl 2 2 ® min) |||
[ (R-99% ee) 3]
#  Time Area Height Width  Area% Symmetry
1| naw #9 L1 047% | 04 [ osm
1| B4 10357.2 19 08509 | M58 | 0.AT
(R)-Benzyl 1-(4-Bromophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-
carboxylate (6d).
\ DAD1 C, 5ig=210.4 Ref=off (3Q-Br rscemic.0) z
mAJ: = 8 z
3 a f
150- 0
] BnO,C i
100- 2
] Me N
. i .
1 B ] 2 2 u ' i o]
Br
g (racemic) [
$  Time Area Height Width  Area% Symmetry
1 0% 13017 1024 07631 | 0.214 | 0.8%
EEED 7548 1335 08657 | 40786 | 0.8
‘ DAD1 C, Sig=210,4 Ref=off (SQ'4-Br chiral.D) E
A= =
?UU—E m
; \ E
oo BnO.C73 =
800= Me =
4ﬂ0—:
3005 6d
200°
: =
1002 Br 5
o (R-99% ee) ‘ i -
I s = m ‘ 2 i ||+
# Time Area Height Width  Area% Symmekry
[T nwm | 1%7 31 | 0.6 [ 0566 | 0.1
[ 2] 1 LT 4954 | 08867 | 99434 | 0.85




DAD1 A, Sig=250,4 Ref=off (SQlsrgescaleminorchial.D)

m,eu':
100
80—
e
e
] 7d 3 &
e ] 5 oA
2{]: & 2 Q
0 ! il I
- T T BT T T T T
14 18 (S LYAPNY 20 2 24 28 min| | |«|
(> /0-€€)
] Bl
# Time Area Height Width  Area% Symmetry
[ 1] 2267 [ a0s5 | 137 | 09221 [ 99210 | o043
[ 2] 25097 | 7.2 | 1E-1 [ 11821 [ o0 | 0891 |

(R)-Benzyl 1-(4-lodophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(6e).
[ DADI G, Sig=210,4 Raf=off (SQ\ racemic. D)) O ~ =
méll - z
7 \ " al
40— BnO,C N 3 2
d Me &
300~
-
HJO—E I
0 (racemic) . —
g p 3 0 T : ) -
[ e
# Time Area Height Width Area% Symmekry
b 1] M6 | B84 | 3661 08163 | 50.008 | 0.855 |
(2] zaee [ mans | 3 not |42 | o8 |
\ DAD C, 8ig=210,4 Ref=aff (SQ4- chiral.0) [l
Bnozc:'s4 ./
me N 3
B
6e
['n]
[ b
ks -
(R-09% ee) ‘ o
7 1 : 5 2 3 ml
] [
¥ Time Area Height Width  Area% Symmetry
1] #as | m7 [ 25 [ o6 [ 0586 | 077 |
2] 77 | zon3 [ 98 | 09 [omae | ose |
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(R)-Benzyl 1-(4-Methoxyphenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6f).

[*]

\ DAD C. Sg-T10.4 Reafl B014-0he weeriDjy

P z
250~ \ A
E BnO,C i

an Me N
190-
100-

5=

o OMe '

10 12 (racemic) 18 1 2 2 2 min]| |

8,583

J

I | 1 !
Il 1 bl
# Time Area Height Width  Area% Symmetry
i 17640 0606.7 2516 G562 | 40000 | 0B
Z 19,593 973LY 226.8 0.6387 50,091 0,596
O =
DAD1 C, 5ig=210.4 Ref=off (S04-Oe chiral1 D) Vm ]
[YTE \ i
2502 BnOszANN .
201]*; Me
1802
3 6f
100 I
E R
50
0; OMe 1 E }
0 2 ~ (RR9%ee)  ow 2 z |
[4] Il
§ Time Area Height Width  Area% Symmetry
1 1707 657 L7 0.7238 0.632 0.735
2 19.621 103317 .5 06433 99.368 0.576
(R)-Benzyl 1-(3,4-Dimethylphenyl)-2-methyl-3-o0xo0-2,3,4,5,6,7-hexahydro-1H-indole-2-
carboxylate (6g).
| DAD1 C, 5ig=210,4 Ref=off (SQ'34-d imethyl racemic.D} Z
LTE &
700+ Q g 2
a00< \ g
500 BnO.C />
4002 Me
2007
200—;
103: Me ) L
R T T I 1 min ||+
{racemic)
[ [*]
# Time Area Heiight Width  Area% Symmelry
FT1 o4m | 6036 | coré | 085 | 5085 | 0.34 |
[ 2] tmom | 1456 | o8 | 03703 | 49765 | 0.572 |
\ DADI C. 52104 Refeof (504Gl sl D) [<]
-
a00= \
E BnO,C™Z
zwnf: Mé N
200 s
E &
100= 6g § *@
n; Me 1 a+ [
: 7 Me ¢ 1 i i n 1@ |
{R=99%ee)
[ [
# Time Area Height Width  Area% Symmelry
[[T7] 943 | 607 | 34 | 0m% | 053 | 0687 |
[ 2] moos [ mosess | 441 | o4 | oo447 | o038 |
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(R)-Benzyl

1-(4-Cyanophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6h).
| DADM G, Sig=210.4 Ref=off (3Q'4-CN rEDEmW Z
mil - o
B &
- \ % &
3 BnOZC N =} % af‘r\'
45 Me e g
20_; %ﬁ /\
0= |
—— T T T T T e e e e T T T e e e e T T T ||
] 2 24 CN 28 28 0 34 38 38 min | |+
[ {racemic) [*]
# Time Area Height Width  Area% Symmetry
[1] 059 [ 283 [ 38 [ wo [sm | 057 |
[2] s | w97 | 28 | 1399 [ #28 | b6 |
I DADH C, Sig=210,4 Raf=off (SQW4-CH chir% /\\ [£]
150- BnOC73N 8
Me
100—
o 6h i
3 I
U__ T T ; E T T T T : T “ T i
2 2 4 CN 5 P 2 H ® £ min| | =]
[ {R-99%e€) M
# Time Area Height width  Area% Symmetry
P17 038 [ 1%6L7 | 1608 | 105 | 95831 [ 0.516 |
2] %49 | 192 [ a1 | o05®2 | 068 | L1 |

(R)-Benzyl 2-Methyl-1-(4-nitrophenyl)-3-o0xo0-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(6i).

[ DAD1 C, Sig=210,4 Raf=off (SQ'4-NO2 chirsl.D)

I*]

il -
80~ Q g 5
N o o
6= \ i 2
1 BnO,C N
o Me
- = |
- Y :
20 2 ;ﬁo, = 0 2 2 min|| [~ ]
[E (racemic) 7
# Time Area Height Width Area% Symmetry
P11 89869 | 38%89 | 601 | 09476 | 4995 | 0.581
[ 2] 27 | 53 [ 538 | 10663 | 50.042 [ 0.585
[ DADI C, Sg=210.4 Refof 5002 vl ) [+]
LTE
175 \
190 BnO,C™2N 8
1257 Me z
100<
s 6i
50
:
0= NO, | . L]
5 (R-00% o) ] I L
——————R99% ) —— . T
2 2 k] 32 M min| | |v|
[ 0]
¥ Time Area Height Width  Area% Symmetry
1 B.921 68522 105.1 09702 | %68 | 0%
T 214 3.86-1 D668 | 0.31L | 2.6%
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(R)-Benzyl 1-Hexadecyl-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (6j).

r e T S

el 0]
250- \
= BnO,C N
- Me
i )14 8 "
s Me A =
' (racemic) A__ A
o L ;
| T T T T T F=
2 4 L] B 10 min | |-
AT v
# Time Area Height Width __Area% Symme
[[A ] 723 | ors | 64,1 T 0.2199 | 50.895 | 0.637
[2] saw | 235 [ 47.2 [ 0293 [ #8005 | o04m |
DAD1T A Sig=220.4 Ref=off (SGhsniuan pymoke-4-one ohirall1.00 [=]
—
in: 0
c00” \
s BnO,C™:
oo “Me N
: . "
- 6 g &
: )14 6 " 8
= ™,
200 Me = V,Dr-- f \ |
] B
: (R-99% ee) = — —
] i 3 D | o 5 e 7 u 4 min) | |
| 0
# Tiime Area Height
}1_| EXCTH | 344 { _2_ P‘UM 0541 | 0653
2 5.085 5328.1 258.3 03430 | 99.358 | 043

(R)-Benzyl

carboxylate (6k).

DAD1 D, Sig=230,4 Ref=off (SQVSUL FURKETONE RACEMIC D)

2-Methyl-3-oxo0-1-phenyl-1,2,3,4,6,7-hexahydrothiopyrano[4,3-b]pyrrole-2-

I+

mal | n
6 0 s
80— S 2
] ~
] \ o
1 &
60| BnOzC N
] Me
i
=
] (racemic)
il i g i
T T T T T T T T T = =
10 12 14 18 18 2 2 24 28 28 minj | |-
[ [
# Time Area Height Width Area% Symmetry
[1 T 19717 | 3mie | 71 | 06094 | 50459 | 0.655 |
[2] 25517 | 387 | 596 | 07929 | 4954 | 0.657 |
| DAD1 D, Sig=230,4 Ref=off (SQ\SULFURKETONE CHIRAL.D) 3
mA~ B
3 (@) 3
- BnO.C73
Me
=
d 6k
A
’ (R-99% ee) ;
— — —— — | — | T —r——— L
10 12 14 16 18 20 2 24 28 28 min| | ||
# Time Area N Width Area%
[ 1 [ a7z | 49311 | 936 | 07908 | 100000 | 0.65 |
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(R)-Methyl 2-Methyl-3-0x0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (6l).

DAD1 B. Sig=254.4 Ref=off (SQWIXIANYISUANBIANZHIRACEMIC.D)

175—2 O
150—5 \
125= MeO2C N
3 Me
100=
=
50—% 3 ;u'j
25 (racemic) /\ - |
5 . .
I 15 I 20 i) | =]
[ IO
# Time Area Height Width Area% Symmetry
[1 ] 193 [ 10564 | 302 | 0526 |07 [ 0525 |
[2] 17 [ w158 | % | ooss [ 40022 | 0480 |
| DAD1 B. Sig=2564.4 Ref=off (SQWYIXIANYISUANBIANZHICHIRAL.D) E
mal
5 (0]
20— o
o= MeO,C B
i Me
2l
- 6l
2=
o (R-99% ee)
T 10 15 20 inf | [<]
[T iE]
# Time Area Height Width Area% Symmetry
[1 ] w1 ] 3.4 [ 271 [ 05183 [ 0324 | 091 |
[ 2] 63 | o505 | 626 | 05998 | 99.67 | o044 |
(R)-Cyclohexyl 2-Methyl-3-oxo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(6m).

DAD1 C, 5ig=210,4 Ref=off [SQVYIXIANYISUANHUANJIJIZHIRACEMIC.D)

I*]

mall ™~ O
400-=
3 2
o 5 CyOzC N &
E b @
200~ i
- /\
1 (l’aQmeC) 5 I 17 ||«
[4] ]
# Time Area Height Width Area% Symmelry
'] 1am | ss635 | 2798 | 0364 | 49918 | 0.557 |
2| 1sp | 68LB | 1762 | 047 | S0.081 | 0.59 |
| DAD1 C. Sig=210.4 Ref=off (SQVYIXIANYISUANHUANJIJIZHICHIRAL.D) N Z
A~ =
= o
400~ \ a
] CyO,C™%
200
E o 2 6m
100- 2 é_»_‘é'
4 2
= A - (R-99%-ce) -
11 1I2 1‘3 1I4 1|5 1‘8 1|7 mnl £
[4] [
# Time Area Height Width Area% Symmetry
7 1201 [ 329 | 16 | 0358 | 0% | 0825 |
[ 2] w5810 [ 123096 | 337 | 04w [%97# | 053 |
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(R)-Methyl 2-Ethyl-3-0xo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (6n).

[ DAD1 C, Sg=210.4 Ref=off (SQ'bnguanysuenjazhimacams.D)

mal |
(0]
400
20— MeO,C N
] Et
200-
o
: g -
100~ . I 5
1 (racemic) 3
3 A
T T T T T T T
18 18 20 22 24 28 28 0
1] I
# Time Area Height Width Area% Sym
[1] 21w | 8677 | 75 [ o0.ss7 50.158 | 0,391 |
[ 2] 28515 | 48363 | 566 [ 147 [ 841 | 039 |
DAD1 C. 5ig=210.4 Ref=off (SQbingxanyisuanjazhirchiral. D)
md -
350 O
= ©
200 3
: \ F
250—
- MeO,C™z N
: Et
150—;
e 6n =
50= 3
= I |
= . {(R-99% €e) ‘ ‘ . - .
16 12 20 22 24 26 28 30 min j
# Time Area Height Width Area% Symmetry
1] zizes | X | see1 [ osiz1 [ 071 | oosoz |
2| 228 | 2068 | 2433 | 13778 | 99829 | o8 |

(R)-Ethyl 3-Oxo-1,2-diphenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (60).

DAD1 C, Sig=210,4 Ref=off (SQ'Fh racemic] D)

mil |
- )
80|
BD—: EtOQC N
- Ph pr
| o 0
= o 3
]
i (racemic)
T T T T T £ s E F T 23 L) -
10 11 12 13 14 15 min| | v |
[ O
# Time Area Height Width Area% Symmekry
[1] 128w [ e02 [ 224 [ 03M3 [4967 | 0.631 |
[2] mss [ ew1 | 237 | o401 | S032L | 064 |
\ DAD1 C, 5ig=210,4 Ref=off (5Q'Fh racemic. D) [-]
mAll -
= (0] o+
250—
| e W L
x
= o g0
znu: EtO,C™% N =
E Ph
150
1002 6o &
: 5
: o g
2L (R-99% ee) ?\ﬁ &
z L - L
0| j =
————— e ] . .- _
8 10 1 12 13 14 15 min j
# Time Area Height Width  Area%% Symmetry
1| 1n3% 218 9.46-1 037 | 048 | 0.9%
2 | 146% 5063.3 174.1 044 | 9572 | 0.6B
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(R)-Ethyl 2-(4-Chlorophenyl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(6p).

DAD1 C. Sig=210.4 Ref=off (SQ4CIOEtpyroleracemicl1 D)

Iv]

Al
] (6]
00— \
EtO,C~
800— S N
o
5 8 -
400 - B
d 2
200 Cl
(racemic) =
0| T T T T T T T T T T T T
I T T I X L : : : rmn (-]
[l |
# Time Area Height Width Area% Symmetry
[t ] 7995 | s7;o2 | 3818 [ 02325 | 49463 | 0831 |
2] 877 | ss3a2 | 3154 | 02838 | 50.537 | 0.868 |
| DAD1 C. Sig=210.4 Ref=off (SQ'4CIOEtpymolechiral1 1.0} [+
mal -
1750= O
15110% \
e EtO,Cm~
: S N 2
1000—5 RN
TH0=|
amj—E Gp
: cl
250 - L
g (R-99% ee) R
O = T T T T T T
1 2z 3 4 5 e 7. 8 min j
[T I ]
# Time Area Height Width  Area% Symmetry
[t ] 79873 [ 128471 | s#es.2 | 0.2485 | 99.277 | o0.861 |
[z s | 94.3 | 5.5 | o237 | o713 | nsse |

(R)-Ethyl 2-(4-Bromophenyl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(69).

[ DAD1 C. Sig=210.4 Ref=off (SQWBOEpymolemcermic 0)

mal
1750 | o
1500
ras0- EtO,C \
1000 | N
750 £ 2
4 @ £
500 =
& Br M N
e
I (racemic) g ool =1
# Time Area Height width ___Area% Symme!
[1 ] ®si1m | 82988 | 539.3 | 0.2395 | 48.382 | o0.868
2 | &ms | 8854 | 475.7 | 02871 | s1618 | o805 |
[ DADT B. Sig=254.4 Ref=off (SQ4BrOEtpymolechial.0) [
mal
i (0]
00—
EtO,Cml )
200 SN
400
6q 5
200- Br =
] (R-99% ee)
o
——— e — — — — —
5 55 e 65 7 75 8.5 a5 min (|
[ -l
# Time Area Height Width Area% Symmetry
[1 ] 8187 3323.7 214.1 | 0.2411 | 100.000 086 |
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(R)-Ethyl 2-(4-Methoxyphenyl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6r).

| DAD1 B, Sig=254,4 Ref=0off (SQ44OMePhOEtpymole RACEMIC4.Dy =]
o 0 :
50-= ~ o
40— EtOZC \
E N
Sl
20=
0=
: Me ;
o (racemic)
= 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 |
9 10 11 12 13 14 min| | |~]
[ o]
# Time Area Height Width  Area% Symmetry
[+ ] 1wes3s | 13086 | 4 [ 04329 | #9867 | 0733 |
| = 11,704 1367.8 | 453 | 0.4e22 [ s.133 [ os1s |
| DAD1 B, Sig=254.4 Refoff (SQW0OMePhOEpymolechinald D) [=]
mal 5
1 O El
80—
80| EtO,C =~ \
q SN
40—
i 6r
] MeO
o5 (R-99% ee) ; B
1 R R R T ||
(] [+]
# Time Area Height width _ Area% Symmetry
[1 ] wer3 [ 2721 | 98.4 [ 04308 [ 100.000 [ 0771 |

(R)-Ethyl 2-(Naphthalen-2-yl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6s).

| DA4D1 B, Sig=264.4 Ref=off (30 NapOEtpymaemoemictl O) 7=
500
400
300
g - o
200— o= g a‘i@
- =
100 ( . ) e
racemic
. : A SN == L~ ;
2 4 e a8 10 12 14 min| |-
gl v
# Time Area Height Width __ Area% Sym
[[1] o601 | 56438 | 180.2 | 0.4754 45,143 0.604 |
2] 19s1 | 58406 | 1203 | 0753 | 50.857 | 0.554
[ DAD1 C, Sig=210,4 Raf=off (3QWNapOEipymoleCHIRALT1.0) [<]
mid) _
] ]
400 o) H
00— \
] EtO,Cm=
E SN
i O
100~ =]
: Q 6s 2 Fe/ﬁ!\
f B
g 8 g
0- o ||
! T v 7 T & 10 2 s min| ||+
[« [v]
# Time Area Height Width Area% Symmetry
[1 ] 9624 | 114298 | 3697 | 0.4707 | 99.85 | 0.635 |
[2] 1224 | 63 | 611 | o063 | 0142 | 067 |
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(R)-Ethyl 3-Oxo-1-phenyl-2-(thiophen-2-yl)-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate
(6t).

[ DAD1 B, Sig=254.4 Ref=off (SQ\S0OSpymolemcame.D) [#]
ALl
: (6]
400
= L4
: EtO,C \ g 4 ol
300 N = e
| _— S
200- . S
100-
3 (racemic)
o_- T T T
- 4 8 ] 10 min|| [«
[ v
# Time Area Height width _ Area%
[t ] sost | sisez | 2853 | o.2807 | #9.824 | 0.794 |
[ 2] 9805 | 5106 | 245 [ o353 [seam | o |
| DAD1 B, Sig=254,4 Raf=off (SQ'SOEtpymolechiral D) [=]
AU
00— O @
= g
] ) ;&h
e EtO,C o
a C
200- @é’
: B I
2
o _(R-99% ee) — _ T B
3 ‘ s s o in] | [«]
|EZI |
# Time Area Height Width  Area% Symmetry
[ ] o4 | 10416 | 558 [ 03118 [ 3306 [ 079 |
[2 ] as7 | 72.9 [ 3.3 | 03164 | 0634 | 0408 |

(2R,3S5,3aS,7aR)-Benzyl 1-(4-Bromophenyl)-3-hydroxy-2-methyloctahydro-1H-indole-2-

carboxylate (8d).

[ DAD1 B, Sig=254 4 Ref=off (SQRACE123.D) I
= Ho_ H ; -
1?5'2 H :
150{
i2n2 BnO,C N
b Me H
100=|
?Bi
=0
20—
j L R
= 1=} T |-
7 (racermic) o . or ® s o
& I

Time Area Height width Area% Symmetry

#
1 | 843 | 3126 | 181 [ 0.3108 49,896 0.853
2| 953 | 327 | 1557 | 0.3%18 [ 50.104 | 0.858

‘ DAD1 B, Sig=264.4 KM‘-‘GIFESD‘.DNIMUZE oy E
m HO ¢
TM€ W
a
BI’IOQC g P @
\\ N /H o
400 Me
300}
200
100 8d g L
0] o~
75 Br: 55 s 85 10 108 min| | |«
1900/ \
&7 (Y97 €ee) o}
# Time Area Height width Area% Symmetry
[A [ 845 ] 56.2 | 2.9 [ o.28%8 0.526 0,517
2] 9515 | we237 | 4572 [ 0311 | 99474 | 0.83
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(R)-Benzyl 1-(4-Bromophenyl)-2-methyl-3-oxoindoline-2-carboxylate (9d).

[ DAD1 B, Sig=254 4 Ref=alf (SQIOXIDATION D)

mAl”] e}
1400~
1200—|
- BnO,C N 2
1000~ g c
- Me g g
800
800 —
an*i
200— H
: Br
CH ( ic) T . b
=z (racemic) X 4 = i | =]
[o] ] I
# Time Area Height Width Area% Symmetry
[t ] wws | 154113 | ss26 | 0.2684¢ | 48.929 0.65
| 2] w87 | 150857 | 7914 | 03011 | 51071 | 0632 |
[ DAD1 B. Sig=254.4 Ref=olf (SQI.OXIDATIONCHIRAL D) [
mAl (@)
700—|
: g
e BnO,C== H
500~ M s N
g e
e
300~
100—? §
o Br . g H
b (98% ee) 5 i = o] ||=1
[ e
# Time Area Height Width Area% Symmetry
[A ] 98 | 100886 | 5542 | 02723 | 99.148 | 0528
[2] 11399 ] 86.5 | 4.4 | 03004 | os8s2 | o0.82 |
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'H NMR and 3C NMR spectra of products 3a-m, 4a-m, 6a-t.

Cyclohexyl 2,2-Dihydroxy-3-oxobutanoate (1c).

'"HNMR (500 MHz, CDCl;)

' 2 LT CLIRRoBT2ER220083Y
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Benzyl 2,2-Dihydroxy-3-oxo-4-phenylbutanoate (1e).

'HNMR (500 MHz, CDCls)
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Ethyl 3-(4-Bromophenyl)-2,2-dihydroxy-3-oxopropanoate (1h).
'HNMR (500 MHz, CDCl;)

4247
4232
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4.204
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Ethyl 3-(4-Cyanophenyl)-2,2-dihydroxy-3-oxopropanoate (1j).

THNMR (500 MHz, CDCls)
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Aysuajug Aysuajug

Ethyl 2,2-Dihydroxy-3-(naphthalen-2-yl)-3-oxopropanoate (1k).

'HNMR (500 MHz, CDCls)
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Ethyl 2,2-Dihydroxy-3-oxo-3-(thiophen-2-yl)propanoate (11).

THNMR (500 MHz, CDCl5)
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F2500
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(R)-Benzyl 2-Hydroxy-3-0x0-2-[(5)-2-oxocyclohexyl]butanoate (3a).

'HNMR (500 MHz, CDCl5)
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(S)-Benzyl 2-Hydroxy-3-ox0-2-[(S)-2-oxocyclohexyl]butanoate (4a).

'HNMR (500 MHz, CDCl5)
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(R)-Methyl 2-Hydroxy-3-0x0-2-[(S)-2-oxocyclohexyl]butanoate (3b).

'"HNMR (500 MHz, CDCl5)
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(S)-Methyl 2-Hydroxy-3-o0x0-2-[(S)-2-oxocyclohexyl|butanoate (4b).

'HNMR (500 MHz, CDCl5)
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(R)-Cyclohexyl 2-Hydroxy-3-o0xo0-2-[(S)-2-oxocyclohexyl]butanoate (3c).

'HNMR (500 MHz, CDCl5)
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(S)-Cyclohexyl 2-Hydroxy-3-oxo0-2-[(5)-2-oxocyclohexyl]butanoate (4c).

'HNMR (500 MHz, CDCl5)
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(R)-Methyl 2-Hydroxy-3-oxo0-2-[(S)-2-oxocyclohexyl]pentanoate (3d).
'THNMR (500 MHz, CDCl;)
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(S)-Methyl 2-Hydroxy-3-o0x0-2-[(S)-2-oxocyclohexyl]pentanoate (4d).

'HNMR (500 MHz, CDCl5)
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(R)-Benzyl 2-Hydroxy-3-0x0-2-[(5)-2-o0xocyclohexyl]-4-phenylbutanoate (3e).

'HNMR (500 MHz, CDCl5)
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(S)-Benzyl 2-Hydroxy-3-0x0-2-[(S)-2-oxocyclohexyl]-4-phenylbutanoate (4e).
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'HNMR (500 MHz, CDCl5)
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(R)-Ethyl 2-Hydroxy-3-0x0-2-[(5)-2-oxocyclohexyl]-3-phenylpropanoate (3f).

'HNMR (500 MHz, CDCl5)
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(S)-Ethyl 2-Hydroxy-3-o0x0-2-[(S)-2-oxocyclohexyl]-3-phenylpropanoate (4f).

'HNMR (500 MHz, CDCl5)

Apsuogup
[=] (=] [=] (=] [~ (=] (=] [=] o
(=] (=] o (=] (=] (=] (=] [=) (=1
il o & ¥ ‘v T T LA T T
0Z0'0— fw
#e dlis
|00 M
PLLT T — _w,w_.,m
mwm_ﬁ.~ HH.froo,_.
6T wf,.o,_.
[t6L1 B o't
l600z Fuoz
| T’ T
[T
|oF T
|zese
| ZoR'€ 7
wer = Foo't
198T ‘
90'e
.mwN._wv _l
\PLT K
N
H vzl
O u
<
QU2
o oF
= O
w =
o
|P8T L
(1P L
| 9EF £
s —
| T - 860
.hnm..w\
| 160°8
_gD.mly\u — Fs6'l
|ZIrs

6000

F5500
F5000
F4500

Apsuogup
(=]
[=J
[=]
it

4000
F3500
F2500
2000
F1500
F1000
F500

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

8.5

3C NMR (125 MHz, CDCl;)

L6TP1—

OLIST
894 LT~
rigez’

(AN

PeEb LS —
LBTE9—

POO'LL
N?HFW
OELLL
ﬁiw.ww\

_Q.um..mN~/.
£6T0E T~
| LIS EE]~,
|Feo wan;\

| LOET TLT—

| 880 L6T1—

|zzreie—

EtO,C H
PhOC™ |\
HO
af
J

80 70 60 50 40 30 20 10

210 190 170 150 130 110 90
f1 (ppm)
S79

0



(R)-Ethyl 3-(4-Chlorophenyl)-2-hydroxy-3-o0xo-2-[(S)-2-0xocyclohexyl]propanoate (3g).

'HNMR (500 MHz, CDCl5)
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(S)-Ethyl 3-(4-Chlorophenyl)-2-hydroxy-3-oxo-2-[(5)-2-oxocyclohexyl|propanoate (4g).

'HNMR (500 MHz, CDCl5)
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(R)-Ethyl 3-(4-Bromophenyl)-2-hydroxy-3-o0xo0-2-[(S)-2-oxocyclohexyl]propanoate (3h).

'HNMR (500 MHz, CDCl5)
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(S)-Ethyl 3-(4-Bromophenyl)-2-hydroxy-3-0x0-2-[(S)-2-0xocyclohexyl|propanoate (4h).

'HNMR (500 MHz, CDCl5)
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(R)-Ethyl 2-Hydroxy-3-(4-methoxyphenyl)-3-oxo-2-[(S)-2-o0xocyclohexyl]propanoate (3i).

'HNMR (500 MHz, CDCl5)
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(S)-Ethyl 2-Hydroxy-3-(4-methoxyphenyl)-3-0xo0-2-[(S)-2-oxocyclohexyl]propanoate (4i).

'HNMR (500 MHz, CDCl5)
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(R)-Ethyl 3-(4-Cyanophenyl)-2-hydroxy-3-oxo0-2-[(S)-2-oxocyclohexyl|propanoate (3j).

'HNMR (500 MHz, CDCl5)
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(S)-Ethyl 3-(4-Cyanophenyl)-2-hydroxy-3-o0xo0-2-[(S)-2-oxocyclohexyl|propanoate (4j).

'HNMR (500 MHz, CDCl5)
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(R)-Ethyl 2-Hydroxy-3-(naphthalen-2-yl)-3-0x0-2-[(S)-2-0xocyclohexyl]propanoate (3k).

'HNMR (500 MHz, CDCl5)
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(S)-Ethyl 2-Hydroxy-3-(naphthalen-2-yl)-3-0x0-2-[(5)-2-oxocyclohexyl|propanoate (4Kk).
'THNMR (500 MHz, CDCl;)
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(R)-Ethyl 2-Hydroxy-3-0x0-2-[(:5)-2-0xocyclohexyl]-3-(thiophen-2-yl)propanoate (31).

'HNMR (500 MHz, CDCl5)
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(S)-Ethyl 2-Hydroxy-3-o0x0-2-[(S)-2-oxocyclohexyl]-3-(thiophen-2-yl)propanoate (41).

'HNMR (500 MHz, CDCl5)
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(S)-Benzyl 2-Hydroxy-3-0xo0-2-[(S)-4-oxotetrahydro-2 H-thiopyran-3-yl|butanoate (4m).

'HNMR (500 MHz, CDCl5)
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1-(4-Fluorophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-

(R)-Benzyl

carboxylate (6b).
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1-(4-chlorophenyl)-2-methyl-3-oxo-2,3,4,5,6,7-hexahydro-1H-indole-2-

(R)-Benzyl

carboxylate (6¢).
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1-(4-Bromophenyl)-2-methyl-3-o0xo0-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6d).
THNMR (500 MHz, CDCls)
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(R)-Benzyl 1-(4-lodophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(6e).

'HNMR (500 MHz, CDCl;)
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1-(4-Methoxyphenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-

(R)-Benzyl

carboxylate (6f).

'HNMR (500 MHz, CDCl;)
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1-(3,4-Dimethylphenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6g).
'HNMR (500 MHz, CDCl;)
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1-(4-Cyanophenyl)-2-methyl-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6h).
THNMR (500 MHz, CDCls)
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trophenyl)-3-0x0-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

=-NI

(R)-Benzyl 2-Methyl-1-(4

(6i).
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2-Methyl-3-ox0-1-phenyl-1,2,3,4,6,7-hexahydrothiopyrano[4,3-b]pyrrole-2-

carboxylate (6K).
'HNMR (500 MHz, CDCl;)

(R)-Benzyl
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(R)-Methyl 2-Methyl-3-oxo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (61).

'HNMR (500 MHz, CDCl5)
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o

2-Methyl-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(R)-Cyclohexyl
'HNMR (500 MHz, CDCl;)

(6m).
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(R)-Methyl 2-Ethyl-3-0xo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (6n).

'HNMR (500 MHz, CDCl5)
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3C NMR (125 MHz, CDCl;)
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(R)-Ethyl 3-Oxo-1,2-diphenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate (60).

'HNMR (500 MHz, CDCl5)
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(R)-Ethyl 2-(4-Chlorophenyl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(6p)-

'HNMR (500 MHz, CDCl;)
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(R)-Ethyl 2-(4-Bromophenyl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(69)-

'HNMR (500 MHz, CDCl;)
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2-(4-Methoxyphenyl)-3-oxo-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-

(R)-Ethyl

carboxylate (6r).
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2-(Naphthalen-2-yl)-3-oxo0-1-phenyl-2,3,4,5,6,7-hexahydro-1H-indole-2-

carboxylate (6s).

(R)-Ethyl
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3-Oxo-1-phenyl-2-(thiophen-2-yl)-2,3,4,5,6,7-hexahydro-1H-indole-2-carboxylate

(R)-Ethyl

(6t).

'HNMR (500 MHz, CDCl;)
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1-(4-Bromophenyl)-3-hydroxy-2-methyloctahydro-1H-indole-2-

(2R,3S5,3aS,7aR)-Benzyl

carboxylate (8d).
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Crystallographic datas for compound 3g and 6c¢

6¢c

Single crystals of 3g (C;7H19ClOs)and 6¢ (Cy3H,rCINO;)wereprepared by slow evaporation of
ethyl ether and hexane.Suitable colorless prism-like crystals of both compounds, with dimensions
of 0.50 x 0.47 x 0.30 mm and 0.50 x 0.40 x 0.23 mm, resepectively, were mounted in epoxy onto
glass fibers. The data were collected at 293(2) K using a Rigaku AFC12/Saturn 724 CCD fitted
with Mo Ka radiation (A= 0.71073 A). Data collection and unit cell refinement were performed
using Crystal Clear software.! The total number of data were measured in the range 4.6< 20 <
50.1° using o scans. Data processing and absorption correction, giving minimum and maximum
transmission factors (0.512, 1.000 and 0.872, 1.000, respectively ), were accomplished with
Crystal Clear and ABSCOR,? respectively. The structure, using Olex2,> was solved with the

ShelXT* structure solution program using direct methods and refined (on F?) with the ShelXL>
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refinement package using full-matrix, least-squares techniques. All non-hydrogen atoms were
refined with anisotropic displacement parameters. All hydrogen atom positions were determined

by geometry and refined by a riding model.

Crystallographic data and Structure Refinement Table

Compound 6¢ 3g
Empirical Cy3H»,CINO; C7H;4ClOs
formula
Formula weight 395.86 338.77
Crystal system orthorhombic monoclinic
Space Group P2,2,2, C2
a(A) 9.258(2) 21.410(6)
b(A) 9.554(2) 9.115(3)
c(A) 22.789(5) 8.678(3)
o(®) 90 90
L) 90 90.827(4)
7(°) 90 90
Volume(A3) 2015.8(9) 1693.5(9)
7,7 4,1 4,1
p(calc.) 1.304 1.329
A 0.71075 0.71075
Temp.(K) 293 293
F(000) 832 712
w(mm-) 0.213 0.248
Tonino Tmax 0.512, 1.000 0.872, 1.000
20;ange(®) 4.624- 50.484 4.694- 50.096
Reflections 7560 5190
Collected
Independent 3718 2420
reflections
Completeness 99.0% 98.0%
Data / restraints / 3718/ 0/ 255 2420/ 1/ 210
parameters
Observed data 3490 2350
[I>20(D)]
wR(F2 all data) 0.1149 0.0924
R(F obsd data) 0.0421 0.0340
Goodness-of-fit 1.062 1.050
on F?
largest diff. 0.20/-0.27 0.20/-0.25
peak and hole, e
A3
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WRy = { = [W(Fo2 - F2)2]/ 2 [w(Fy2)?] 112

Ry =X ||Fo| - ||l / 2 |Fy|

1. CrystalClear, User Manual. Rigaku/MSC Inc., Rigaku Corporation, The Woodlands, TX, 2011.

2. Higashi, ABSCOR, Rigaku Corporation, Tokyo, Japan, 1995.

3. O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard and H. Puschmann, J. App!.
Cryst. 2009, 42, 339.

4. G.M.Sheldrick, Acta Cryst., 2015, A71, 3.

5. G.M.Sheldrick, Acta Cryst., 2008, 464, 112.

NOE spectrum of 8d.
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