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Experimental section

Materials and reagents

4-Nitrobenzaldehyde, 3-Nitrobenzaldehyde, 4-Cyanobenzalde-hyde, 4-(Trifluoromethyl) 

benzaldehyde, 2,4-Dichlorobenz-aldehyde, 4-Chlor benzaldehyde were obtained by TCI. 

2-Nitrobenzaldehyde, 2-naphthaldehyde and 4-bromobenz-aldehyde were bought from 

Acros. Cyclohexanone and cyclopentanone, cycloheptanone were purchased from Aldrich. 

Other commercially available chemicals were laboratory grade reagents from local 

suppliers. They were used without further purification, except for aromatic aldehyde, 

which was purified by distillation.

Methods

1H, 13C and 19F NMR spectra were recorded in CDCl3 or CD3COCD3 on a Bruker AV-500 

spectrometer. Chemical shifts for lH NMR spectra are reported in ppm relative to residual 

CHCl3 as internal reference (1H: δ7.26) downfield from TMS, chemical shifts for 13C NMR 

spectra are reported in ppm relative to internal chloroform (δ 77.23 ppm for 13C), and 

chemical shifts for 19F NMR spectra are reported in ppm downfield from internal 

fluorotrichloro methane (CFCl3). Coupling constants (J) are given in Hertz (Hz). The terms 

m, s, d, t, q refer to multiplet, singlet, doublet, triplet, quartlet respectively; br refers to a 

broad signal. Infrared spectra (IR) were recorded on AVATAR 370 FT-IR spectrometer, 

absorbance frequencies are given at maximum of intensity in cm-1. Single-crystal XRD 

was performed with graphite-monochromated Mo-Ka radiation (λ = 0.71073 Å) with a 

Bruker Smart ApexII CCD diffractometer at T = 273(2) K. The structures were solved by 

direct methods with the SHELXS-97 program and refined by full-matrix least-squares on 

F2 with the SHELXL-97 program. All non-hydrogen atoms were refined anisotropically, 

and hydrogen atoms were located and included at their calculated position. Mass spectra 

were recorded on Agilent 5975N GC-MS. Elemental analyses were performed using an 
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Elemental Vario EL III instrument. HPLC analysis was performed at Shimadzu 1100 

apparatus with Daicel Chiralpak AD-H and Chiralpak OD-H, PC-1 column.  

Table S1. Screening results of aldol reaction with catalyst 4a additives.a

CHO
O

+

O OH
Catalyst 4a

additive (5 %)
solvent-free, 0 oCNO2

NO2

       5a                6                                                 7a1

Entry Additive Yieldb

 (%) 

drc

anti/syn 

eee

  (%)

1 NR 97 86:14 82

2 HCl 64 / /

3 HOAc 89 / 30

4 CF3COOH 95 94:6 95

5 CF3COOH (10 %)b 91 65:35 58

6 S-BINOL 78 43:87 29

7 Benzonic acid 95 58:42 30

8 4-Nitrobenzonic acid 98 / 35

9 3,5-Dinitrobenzonic acid 97 / 27

10 p-Toluenesulfonicacid 90 / 63

a The reaction were performed with 0.5 mmol of p-nitrobenzaldehyde, 2.5 mmol of cyclohexanone, 5 mol% of 

catalyst 4a, 5 mol% of BrØnsted acid additive at 0 oC temperature in three days. b 10 % TFA was loaded. c Isolated 

yield. d Determined by 1H NMR of the crude product. e Determined by chiral-phase HPLC analysis for anti isomer.

Representative procedure of (S, or R)-tert-butyl 2-(S)-tert-butyl sulfinyl-

carbamoyl) pyrrolidine-1-carboxylate 3a- 3d (Sp1)

To a solution of the (S, or R)-2-Methyl-2-propanesulfinamide (10 mmol) in dry THF (25mL) at 

0 ℃ was added NaH (0.48 g, 12mmol, 60%) under nitrogen atmosphere. The reaction mixture 

was stirred for 0.5 h and then compound (S)-1 or (R)-1 (1.21 g, 0.01 mol) was added. After the 

resulting mixture was stirred for another 48 h, it was poured into saturated aqueous NH4Cl 

solution, and extracted with EtOAc (4×30 ml). The EtOAc extracts were successively washed 

with saturated aqueous NaHCO3 solution and brine, dried over MgSO4, and evaporated to dryness. 

Purification of the residue by column chromatography (2:1 petroleum: ethyl acetate) gave a 
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colorless compound 3 in about 70% yield.

(S)-tert-butyl 2-((R)-tert-butylsulfinylcarbamoyl)pyrrolidine-1-carboxylate (3a)

N

O

N
H

S
O

Boc
..

3a

The title compound was obtained according to SP1 (2.48g, 78% isolated yield). White solid .1H 

NMR (500 MHz, CDCl3, δ (ppm)): δ = 9.47 (br, 1H), 4.33 (t, J = 7.8 Hz, 1H), 3.42-3.28(m, 1H), 

2.54-2.48 (m, 1H), 2.04-1.97 (m, 1H), 1.46 (s, 9H), 1.28 (s, 9H); 13C NMR (125 MHz, CDCl3): δ 

= 172.6, 156.9, 81.5, 60.2, 56.4, 47.4, 28.4, 26.9, 24.6, 22.3; elemental analysis calcd (%) for 

C14H26N2O4S: C, 52.81; H, 8.23; N, 8.80; Found: C, 52.80; H, 8.42; N, 8.90.

(R)-tert-butyl 2-(((S)-tert-butylsulfinyl)carbamoyl)pyrrolidine-1-carboxylate (3c)

N

O

N
H

S
O

Boc
..

3c

The title compound was obtained according to SP1 (2.29g, 72% isolated yield). White solid .1H 

NMR (500 MHz, CDCl3, δ (ppm)): δ = 9.55 (br, 1H), 4.35 (t, J = 8.1 Hz, 1H), 3.35-3.27(m, 2H), 

2.54-2.49 (m, 1H), 1.91-1.87 (m, 3H), 1.46 (s, 9H), 1.24 (s, 9H). 13C NMR (125 MHz, CDCl3, δ 

(ppm)): 172.3, 156.4, 80.9, 60.0, 56.2, 47.2, 28.3, 26.5, 24.5, 22.0. elemental analysis calcd (%) 

for C14H26N2O4S: C, 52.81; H, 8.23; N, 8.80; Found: C, 52.87; H, 8.25; N, 8.63.

(R)-tert-butyl 2-((R)-tert-butylsulfinylcarbamoyl)pyrrolidine-1-carboxylate (3d)

N

O

N
H

S
O

Boc
..

3d
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The title compound was obtained according to SP1 (2.42g, 76% isolated yield). White solid .1H 

NMR (500 MHz, CDCl3, δ (ppm)): δ = 9.45 (br, 1H), 4.29 (t, J = 7.5 Hz, 1H), 3.38-3.24 (m, 2H), 

2.48-2.45 (m, 1H), 1.87-1.83 (m, 3H), , 1.42 (s, 9H), 1.23 (s, 9H). 13C NMR (125 MHz, CDCl3, δ 

(ppm)): 172.6, 156.9, 81.5, 60.2, 56.4, 47.4, 28.4, 26.9, 24.5, 22.3. elemental analysis calcd (%) 

for C14H26N2O4S: C, 52.81; H, 8.23; N, 8.80; Found: C, 52.79; H, 8.36; N, 8.87.

Synthesis of catalyst 4a

(S)-N-((R)-tert-butylsulfinyl)pyrrolidine-2-carboxamide (4a)1

A mixture of 3a (400mg, 1.3 mmol), 0.3mL HCl in 1,4-dioxane (5mL) was stirred for 2 h at room 

temperature. The reaction mixture were successively washed with solid NaHCO3, and then 

evaporated to dryness. Purification of the residue by flash column chromatography (10:1 

Dichloromethane: methanol) on silica gel gave a colorless solid of organocatalyst 4a (0.23g) in 81% 

yield. 

(S)-N-((R)-tert-butylsulfinyl)pyrrolidine-2-carboxamide (4a)

NH

O

N
H

S
O

..
4a

The title compound was obtained according to SP2. White solid. 1H NMR (500 MHz, CDCl3): 

δ = 7.09 (1H, s), 4.20-4.17 (dd, J = 8.5 Hz, 1H), 3.36-3.31 (m, 1H), 3.24-3.19 (m, 1H), 2.25-2.21 

(m, 1H), 2.04-1.97 (m, 1H), 1.86-1.82 (m, 2H), 1.15 (s, 9H). 13C NMR (125 MHz, CDCl3): δ = 

177.3, 61.4, 53.8, 46.9, 30.8, 25.3, 22.2; IR (KBr): ν˜ = 3643, 3476, 2975, 1580, 1533, 1360 cm-1; 

MS (ESI): m/z 219.21 [M+H]+. elemental analysis calcd (%) for C9H18N2O2S: C 49.51, H 8.31, N 

12.83, Found: C 49.36, H 8.49, N 12.77.

Representative procedure of catalyst 4b-4d (SP2)

A mixture of 3 (2.0 g, 6.3 mmol), trifluoroacetic acid (1 ml) in dichloromethane (20mL) was 

stirred for 10 h at room temperature. After the reaction mixture were directly evaporated to 
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dryness, purification of the residue by flash column chromatography (4:1 dichloromethane: 

methanol) and recryallization from MeOH gave a white solid of organocatalyst 4b-4d in a good 

yield.

 (S)-2-((R)-tert-butylsulfinylcarbamoyl)pyrrolidinium 2,2,2-trifluoroacetate (4b)

NH2

O

N
H

S
O

CF3COO

+
- ..

4b

The title compound was obtained according to SP2 (1.51g, 72% isolated yield). White solid; 

m.p. 182-183 ℃; []D
20 = -43.2 (c = 1.0 in MeOH); 1H NMR (500 MHz, d6-DMSO): δ = 8.70-

10.72 (br, 3H), 4.43 (t, J = 8.5 Hz, 1H), 3.25 (t, J = 8.5 Hz, 2H), 2.36 (m, J = 7.5 Hz, 1H), 1.91 (m, 

3H), 1.20 (s, 9H); 13C NMR (125 MHz, d6-DMSO): δ = 170.7, 159.3 (q, 2JC-F = 32.5 Hz), 118.6 (q, 

1JC-F = 296 Hz), 59.7, 57.0, 46.1, 29.8, 23.8, 22.1; 19F NMR (470 MHz, d6-DMSO) : δ = -73.89 

(CF3, s); IR (KBr): ν˜ = 3431, 2983, 1679, 1474, 1397, 1207, 583 cm-1; elemental analysis calcd 

(%) for C11H19F3N2O4S: C 39.75, H 5.76, N 8.43; Found: C 39.56, H 5.89, N 8.57. 

 (R)-2-((S)-tert-butylsulfinylcarbamoyl)pyrrolidinium 2,2,2-trifluoroacetate (4c)

NH2

O

N
H

S
O

CF3COO

+
- ..

4c

The title compound was obtained according to SP2 (1.36g, 65% isolated yield). White solid; 

m.p.: 183-184 ℃; [a]D
20 =41.9 (c= 1.0 in MeOH); 1H NMR (500 MHz, d6-DMSO): δ = 9.75 (br, 

3H), 4.38 (t, J = 8.4 Hz, 1H), 3.24 (t, J = 7.2 Hz, 2H), 2.39-2.33 (m, 1H), 1.93-1.86 (m, 3H), 1.20 

(s, 9H); 13C NMR (125 MHz, d6-DMSO): δ = 170.7, 159.3 (q, 2JC-F = 31.2 Hz), 118.6 (q, 1JC-F = 

296.3 Hz), 59.8, 57.0, 46.2, 29.7, 23.7, 22.1.; 19F NMR (470 MHz, d6-DMSO) : δ = -73.90 (CF3, 

s); IR (KBr): ν˜ = 3435, 2980, 1682, 1474, 1395, 1187cm-1; elemental analysis calcd (%) for 

C11H19F3N2O4S: C 39.75, H 5.76, N 8.43; Found: C 39.76, H 5.79, N 8.47.  (R)-2-((R)-tert-
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butylsulfinylcarbamoyl)pyrrolidinium 2,2,2-trifluoroacetate (4d)

NH2

O

N
H

S
O

CF3COO

+
- ..

4d

The title compound was obtained according to SP2 (1.25g, 60% isolated yield). White solid; 

m.p: 93-95 ℃; [a]D
20 = -13.4 (c= 1.0 in MeOH);. 1H NMR (500 MHz, d6-DMSO, δ (ppm)): δ = 

9.78 (br, 3H), 4.45 (t, J = 8.0 Hz, 1H), 3.24 (t, J = 7.1 Hz, 2H), 2.37-2.33 (m, 1H), 1.90-1.80 (m, 

3H), 1.19 (s, 9H); 13C NMR (125 MHz, d6-DMSO, δ (ppm)): 171.0 159.7 (q, 2JC-F = 32.5 Hz), 

118.6 (q, 1JC-F = 296.3 Hz), 59.7, 56.8, 46.0, 30.1, 23.8, 22.1. 19F NMR (470 MHz, d6-DMSO, δ 

(ppm)): -73.91 (CF3, s). IR (KBr): ν˜ = 3433, 2982, 1680, 1474, 1396, 1197cm-1; elemental 

analysis calcd (%) C11H19F3N2O4S: C, 39.75; H, 5.76; N, 8.43; Found: C, 39.52; H, 5.74; N, 8.39.

General Procedure for Aldol Reaction of Ketones with Aldehydes （SP3）

A catalytic amount of N-prolyl sulfinamide was added to a vial containing 4-nitrobenzaldehyde 

(0.0760 g, 0.5 mmol, 1.0 equiv), cyclohexanone (0.26 mL, 2.5mmol, 5 equiv) in a closed system. 

The reaction mixture was stirred at indicated temperature and subsequently poured into an 

extraction funnel that contained brine (10 ml). The aqueous phase was extracted with ethyl acetate 

(315 ml). The combined organic extracts were dried with anhydrous Na2SO4, and the solvent was 

removed under reduced pressure. The crude aldol product was purified by silica-gel column 

chromatography to give the aldol product 7a-7o.

All the aldol products in the paper are known compounds that exhibited spectroscopic data 

identical to those reported in the literature.

Spectra data of aldol products

(2S, 1’R)-2-(Hydroxy-(p-nitrophenyl)methyl)cyclohexan-1-one (7a1)2,3

OH

NO2

O

7a1
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Prepared according to SP3 (241mg, 97% isolated yield). Orangish solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 8.21 (2H, d, J = 8.5 

Hz), 7.51 (2H, m), 4.90 (1H, dd, J = 8.0, 3.0 Hz), 4.06 (1H, d, J = 3.0 Hz), 2.59-2.58 (1H, m), 

2.49-2.37 (1H, m), 2.36-2.35 (1H, m), 2.13-2.10 (1H, m), 1.84-1.81 (1H, m), 1.68-1.56 (3H, m), 

1.42-1.36 (1H, m). Chiral HPLC conditions: Daicel Chiralpak AD-H. n-Hexane: i-PrOH, 90:10, 1 

mL/ min, 254 nm: anti: tR (major) = 30.54 min; tR (minor) = 23.09 min. syn: tR (major) = 20.66 

min; tR (minor) = 18.01 min.

 (2R, 1’S)-2-(Hydroxy-(p-nitrophenyl)methyl)cyclohexan-1-one (7a2) 2,3

OH

NO2

O

7a2

Prepared according to SP3 (237mg, 95% isolated yield). Orangish solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 8.20 (2H, d, J = 9.0 

Hz), 7.52 (2H, d, J = 8.5 Hz),4.90 (1H, dd, J = 8.0, 3.0 Hz), 4.08 (1H, d, J = 8.0 Hz), 3.17-3.16 

(1H, m), 2.61-2.58 (1H, m), 2.51-2.49 (1H, m), 2.37-2.36 (1H, m), 2.13-2.10 (1H, m), 1.84-1.82 

(1H, m), 1.69-1.55 (2H, m), 1.40-1.37 (1H, m). Chiral HPLC conditions: Daicel Chiralpak AD-H. 

n-Hexane: i-PrOH, 90:10, 1 mL/ min, 254 nm: anti: tR (major) = 23.34 min; tR (minor) = 31.05 

min. syn: tR (major) = 18.32 min; tR (minor) = 20.94 min.

(2S, 1’R)-2-(Hydroxy-(m-nitrophenyl)methyl)cyclohexan-1-one (7b1) 3,4 

OHO
NO2

7b1

Prepared according to SP3 (234mg, 94% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 8.21 (1H, s), 8.17 (1H, 

d, J = 8.0 Hz), 7.68 (1H, d, J = 8.0 Hz), 7.53 (1H, t, J = 8.0 Hz), 4.90 (1H, dd, J = 8.5, 3.0 Hz), 
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4.11 (1H, d, J = 3.5 Hz), 2.62--2.61 (1H, m), 2.49-2.48 (1H, m), 2.38-2.36 (1H, m), 2.11-2.10 (1H, 

m), 1.85-1.82 (1H, m), 1.69-1.57 (3H, m), 1.40-1.37 (1H, m). Chiral HPLC conditions: Daicel 

Chiralpak AD-H. n-Hexane: i-PrOH, 90:10, 1 mL/ min, 254 nm: anti: tR (major) = 19.58 min; tR 

(minor) = 24.43 min. syn: tR (major) = 16.44 min; tR (minor) = 17.35 min.

(2R, 1’S)-2-(Hydroxy-(m-nitrophenyl)methyl)cyclohexan-1-one (7b2) 3,4

OHO
NO2

7b2

Prepared according to SP3 (229mg, 92% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 8.21 (1H, s), 8.17 (1H, 

d, J = 8.5 Hz), 7.68 (1H, d, J = 7.5 Hz), 7.53 (1H, t, J = 7.5 Hz), 4.90 (1H, dd, J = 8.5, 2.0 Hz), 

4.11 (1H, d, J = 3.0 Hz), 2.62-2.51 (1H, m), 2.49-2.48 (1H, m), 2.40-2.37 (1H, m), 2.13-2.10 (1H, 

m), 1.84-1.82 (1H, m), 1.68-1.58 (3H, m), 1.40-1.38 (1H, m). Chiral HPLC conditions: Daicel 

Chiralpak AD-H. n-Hexane: i-PrOH, 90:10, 1 mL/ min, 254 nm: anti: tR (major) = 24.05 min; tR 

(minor) = 19.04 min. syn: tR (major) = 17.05 min; tR (minor) = 16.05 min.

 (2S, 1’R)-2-(Hydroxy-(o-nitrophenyl)methyl)cyclohexan-1-one (7c1)2,3,4

OHO NO2

7c1

Prepared according to SP3 (237mg, 95% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.81 (1H, d, J = 9.0 

Hz), 7.74 (1H, d, J = 9.0 Hz), 7.60 (1H, t, J = 7.0 Hz), 7.40 (1H, t, J = 7.5 Hz), 5.42 (1H, d, J = 

7.0 Hz), 4.20 (1H, s), 2.75-2.73 (1H, m), 2.40-2.31 (2H, m), 2.05-2.04 (1H, m), 1.82-1.58 (5H, m). 

Chiral HPLC conditions: Daicel Chiralpak AD-H. n-Hexane: i-PrOH, 95:5, 1 mL/ min, 254 nm: 

anti: tR (major) = 31.54 min; tR (minor) = 33.26 min. 
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 (2R, 1’S)-2-(Hydroxy-(o-nitrophenyl)methyl)cyclohexan-1-one (7c2) 2,3,4

OHO NO2

7c2

Prepared according to SP3 (231mg, 93% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.83 (1H, dd, J = 15, 

1.0 Hz), 7.75 (1H, d, J = 1.5 Hz), 7.64-7.61 (1H, m), 7.44-7.40 (1H, m), 5.44 (1H, dd, J = 7.0, 5.0 

Hz), 4.20 (1H, d, J=4.5Hz), 2.76-2.74 (1H, m), 2.46-2.32 (2H, m), 1.75-1.74 (1H, m), 1.70-1.60 

(5H, m). Chiral HPLC conditions: Daicel Chiralpak AD-H. n-Hexane: i-PrOH, 95:5, 1 mL/ min, 

254 nm: anti: tR (major) = 33.39 min; tR (minor) = 31.48 min. 

 (2S, 1’R)-2-(Hydroxy-(p-cyanophenyl)methyl)cyclohexan-1-one (7d1)5

OHO

CN

7d1

Prepared according to SP3 (217mg, 95% isolated yield). White solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.65 (2H, m), 7.45 

(2H, d, J = 8.5 Hz), 4.84 (1H, d, J = 8.1 Hz), 4.05 (1H, d, J = 2.5 Hz), 2.57-2.47 (2H, m), 2.36-

2.35(1H, m), 2.10-2.09 (1H, m), 1.84-1.81 (1H, m), 1.57-1.54 (3H, m), 1.36-1.33 (1H, m). Chiral 

HPLC conditions: Daicel Chiralpak AD-H. n-Hexane: i-PrOH, 90:10, 1.0 mL/ min, 254 nm: anti: 

tR (major) = 27.97 min; tR (minor) = 21.97 min. syn: tR (major) = 16.23 min; tR (minor) = 19.04 

min. 

 (2R, 1’S)-2-(Hydroxy-(p-cyanophenyl)methyl)cyclohexan-1-one (7d2)5
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OHO

CN

7d2

Prepared according to SP3 (218mg, 95% isolated yield). White solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).   1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.65 (2H, d, J = 7.0 

Hz), 7.45 (2H, d, J = 8.0Hz), 4.84 (1H, d, J = 8.5 Hz), 4.05 (1H, s), 2.56-2.47 (2H, m), 2.36-2.34 

(1H, m), 2.10-2.08 (1H, m), 1.84-1.80 (1H, m), 1.57-1.54 (3H, m), 1.38-1.33 (1H, m). Chiral 

HPLC conditions: Daicel Chiralpak AD-H. n-Hexane: i-PrOH, 90:10, 1.0 mL/ min, 254 nm: anti: 

tR (major) = 22.1 min; tR (minor) = 27.40 min. syn: tR (major) = 19.01 min; tR (minor) = 16.25 min.

 (2S, 1’R)-2-(Hydroxy-(p-(trifluoromethyl)phenyl)methyl)cyclohexan-1-one (7e1) 2,5,6

OHO

CF3

7e1

Prepared according to SP3 (180mg, 66% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.61 (2H, d, J = 8.0 

Hz), 7.43 (2H, d, J = 8.0 Hz), 4.85 (1H, d, J = 8.5 Hz), 4.05 (1H, s), 2.60-2.47 (1H, m), 2.37-2.35 

(1H, m), 2.11-2.08 (1H, m), 1.81-1.79 (1H, m), 1.67-1.65 (2H, m), 1.58-1.53 (2H, m). Chiral 

HPLC conditions: Daicel Chiralpak AD-H. n-Hexane: i-PrOH, 90:10, 1 mL/ min, 254 nm: anti: tR 

(major) = 12.76 min; tR (minor) = 10.36 min.

(2R, 1’S)-2-(Hydroxy-(p-(trifluoromethyl)phenyl)methyl)cyclohexan-1-one (7e2) 2,5,6 

OHO

CF3

7e2
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Prepared according to SP3 (193mg, 71% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.61 (2H, d, J = 8.0 

Hz), 7.43 (2H, d, J = 8.0 Hz), 4.85 (1H, d, J = 8.5 Hz), 4.05 (1H, d, J = 3.0 Hz), 2.60-2.47 (2H, m), 

2.40-2.35 (1H, m), 2.11-2.08 (1H, m), 1.83-1.80 (1H, m), 1.60-1.55(4H, m). Chiral HPLC 

conditions: Daicel Chiralpak AD-H. n-Hexane: i-PrOH, 90:10,1 mL/ min, 254 nm: anti: tR (major) 

= 10.40 min; tR (minor) = 12.65 min.

 (2S, 1’R)-2-(Hydroxy-(2,4-dichlorophenyl)methyl)cyclohexan-1-one (7f1) 7,8,9

OHO Cl

Cl

7f1

Prepared according to SP3 (180mg, 66% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.50 (1H, d, J = 8.5 

Hz), 7.35 (1H, d, J = 2.0 Hz), 7.30-7.28 (1H, m), 5.29 (1H, dd, J = 8.0, 4.0 Hz), 4.05 (1H, d, J = 

4.0 Hz), 2.65-2.60 (1H, m), 2.48-2.45 (1H, m), 2.34-2.33 (1H, m), 2.11-2.10 (1H, m), 1.84-1.67 

(1H, m), 1.66-1.58 (4H, m). Chiral HPLC conditions: Daicel Chiralpak Phenomenex amylose-2 

column. n-Hexane: i-PrOH, 90:10, 1 mL/ min, 220nm: anti: tR (major) = 13.39 min; tR (minor) = 

17.57 min. syn: tR (major) = 8.74 min; tR (minor) = 7.36 min.

(2R, 1’S)-2-(Hydroxy-(2,4-dichlorophenyl)methyl)cyclohexan-1-one (7f2) 7,8,9 

Prepared according to SP3 (190.4mg, 70% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.50 (1H, d, J = 8.5 

Hz), 7.35 (1H, d, J = 2.0 Hz), 7.30-7.28 (1H, m), 5.29 (1H, dd, J = 8.0, 4.0 Hz), 4.05 (1H, d, J = 

4.0 Hz), 2.65-2.60 (1H, m), 2.48-2.45 (1H, m), 2.34-2.32 (1H, m), 2.11-2.08 (1H, m), 1.85-1.66 

(1H, m), 1.66-1.58 (4H, m). Chiral HPLC conditions: Daicel Chiralpak Phenomenex amylose-2 

column. n-Hexane: i-PrOH, 90:10, 1 mL/ min, 220nm: anti: tR (major) = 17.34 min; tR (minor) = 

13.87min. syn: tR (major) = 7.43 min; tR (minor) = 8.85 min.tR (minor) = 13.87min. syn: tR (major) 

= 7.43 min; tR (minor) = 8.85 min. 
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(2S, 1’R)-2-(Hydroxy-(p-bromophenyl)methyl)cyclohexan-1-one (7g1) 4,5,10 

OHO

Br

7g1

Prepared according to SP3 (150mg, 53% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.47 (2H, d, J = 8.0 

Hz), 7.20 (2H, d, J = 8.0 Hz), 4.75 (1H, d, J = 9.0 Hz), 3.99 (1H, d, J = 2.0 Hz), 2.56-2.46 (2H, m), 

2.38-2.34 (1H, m), 2.11-2.07 (1H, m), 1.81-1.78 (1H, m), 1.57-1.55 (3H, m), 1.30-1.27 (1H, m). 

Chiral HPLC conditions: Daicel Ch iralpak AD-H. n-Hexane: i-PrOH, 95:5, 1.0 mL/ min, 220 nm: 

anti: tR (major) = 28.76 min; tR (minor) = 24.79 min. syn: (major) = 13.81 min; tR (minor) = 16.94 

min.

 (2R, 1’S)-2-(Hydroxy-(p-bromophenyl)methyl)cyclohexan-1-one (7g2) 4,5,10

OHO

Br

7g2

Prepared according to SP3 (127mg, 45% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.47 (2H, d, J = 

8.5Hz), 7.20 (2H, d, J = 8.5Hz), 4.75 (1H, d, J = 8.5 Hz), 3.99 (1H, s), 2.56-2.46 (2H, m), 2.37-

2.34 (1H, m), 2.11-2.07 (1H, m), 1.81-1.78 (1H, m), 1.59-1.55 (3H, m), 1.30-1.27 (1H, m). Chiral 

HPLC conditions: Daicel Chiralpak AD-H column. n-Hexane: i-PrOH, 95:5, 1.0 mL/ min, 220 nm: 

anti: tR (major) = 25.18 min; tR (minor) = 29.28 min. syn: (major) = 17.24 min; tR (minor) = 14.09 

min. 

(2S, 1’R)-2-(Hydroxy-(p-chlorophenyl)methyl)cyclohexan-1-one (7h1)9,10
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OHO

Cl

7h1

Prepared according to SP3 (95mg, 40% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.32 (2H, d, J = 8.5 

Hz), 7.26 (2H, t, J = 7.0 Hz), 4.76 (1H, dd, J = 8.5, 2.0 Hz), 3.99 (1H, d, J = 3.0 Hz), 2.55-2.34 

(3H, m), 2.11-2.07 (1H, m),1.81-1.78 (1H, m), 157-1.52 (3H, m), 1.30-1.28 (1H, m). Chiral HPLC 

conditions: Daicel Chiralpak AD-H. n-Hexane: i-PrOH, 90:10,1 mL/ min, 220 nm: anti: tR (major) 

= 16.19 min; tR (minor) = 14.37 min. syn: (major) = 9.21 min; tR (minor) = 10.67 min.

.(2R, 1’S)-2-(Hydroxy-(p-chlorophenyl)methyl)cyclohexan-1-one (7h2)9,10

OHO

Cl
7h2

Prepared according to SP3 (90.4mg, 38% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.32 (2H, d, J = 8.5 

Hz), 7.26 (2H, d, J = 8.0 Hz), 4.76 (1H, d, J = 8.0 Hz), 3.99 (1H, s), 2.55-2.32 (3H, m), 2.11-2.08 

(1H, m),1.85-1.78(1H, m), 1.64-1.55 (3H, m), 1.33-1.25 (1H, m). Chiral HPLC conditions: Daicel 

Chiralpak AD-H. n-Hexane: i-PrOH, 90:10,1 mL/ min, 220 nm: anti: tR (major) = 14.27 min; tR 

(minor) = 16.12 min. syn: (major) = 10.62 min; tR (minor) = 9.17 min.

 (2S, 1’R)-2-(Hydroxy(naphthalen-2-yl)methyl)cyclohexan-1-one (7i1) 9,10

OHO

7i1



 16 / 94

Prepared according to SP3 (114mg, 45% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.85-7.82 (3H, m), 

7.75 (1H, s), 7.48-7.47 (3H, m), 4.96 (1H, dd, J = 9.0, 2.0 Hz), 4.06 (1H,d, J = 2.0 Hz), 2.74-2.69 

(1H, m), 2.52 (1H, d, J = 8.5 Hz), 2.39-2.37 (1H, d, J = 8.5 Hz), 2.10-2.07 (1H, m), 1.74-1.51 (5H, 

m). Chiral HPLC conditions: Daicel Chiralpak Phenomenex amylose-2 column. n-Hexane: i-

PrOH, 90:10,1 mL/ min, 254 nm: anti: tR (major) = 33.04 min; tR (minor) = 44.80 min. syn: (major) 

= 19.58 min; tR (minor) = 18.21 min.

 (2S, 1’R)-2-(Hydroxy(naphthalen-2-yl)methyl)cyclohexan-1-one (7i2)9,10

OHO

7i2

Prepared according to SP3 (127mg, 50% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.82 (3H, t, J = 3.5 

Hz), 7.75 (1H, s), 7.49-7.47 (3H, m), 4.96 (1H, dd, J = 9.0, 2.5 Hz), 4.06 (1H, d, J = 2.5 Hz), 2.75-

2.69 (1H, m), 2.52-2.49 (1H, t, J = 4.5 Hz), 2.40-2.39 (1H, m), 2.10-2.07 (1H, m), 1.58-1.33 (5H, 

m). Chiral HPLC conditions: Daicel Chiralpak Phenomenex amylose-2 column. n-Hexane: i-

PrOH, 90:10,1 mL/ min, 254 nm: anti: tR (major) = 42.66min; tR (minor) = 32.91 min. syn: (major) 

= 17.52 min; tR (minor) = 18.81 min.

 (2S, 1’R)-2-(Hydroxy(phenyl)methyl)cyclohexan-1-one (7j1) 3,4,9,10

OHO

7j1

Prepared according to SP3 (163mg, 80% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 6:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.35-7.29 (5H, m), 4.80 

(1H, d, J =8.5 Hz), 3.97 (1H, s), 2.62-2.56 (1H, m), 2.47-2.46 (1H, m), 2.36-2.35 (1H, m), 2.08-

2.07 (1H, m), 1.77-1.76(1H, m), 1.67-1.53 (2H, m), 1.33-1.25 (2H, m). Chiral HPLC conditions: 
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Daicel Chiralpak OJ-H. n-Hexane: i-PrOH, 90:10, 1.0 mL/ min, 220 nm: anti: tR (major) = 15.84 

min; tR (minor) = 23.32 min. syn: (major) = 13.05 min; tR (minor) = 14.41 min.

 (2R, 1’S)-2-(Hydroxy(phenyl)methyl)cyclohexan-1-one (7j2) 3,4,9,10

OHO

7j2

Prepared according to SP3 (170mg, 83% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 6:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.35-7.31 (5H, m), 4.80 

(1H, dd, J = 8.5, 2.0 Hz), 3.97 (1H, d, J = 3.0 Hz), 2.62-2.60 (1H, m), 2.47-2.46 (1H, m), 2.38-

2.34 (1H, m), 2.08-2.07 (1H, m), 1.79-1.76 (1H, m), 1.67-1.55 (2H, m), 1.31-1.28 (2H, m). Chiral 

HPLC conditions: Daicel Ch iralpak OJ-H. n-Hexane: i-PrOH, 90:10, 1.0 mL/ min, 220 nm: anti: 

tR (major) =21.43 min; tR (minor) = 16.00 min. syn: (major) = 14.45 min; tR (minor) = 13.09 min.

(2S, 1’R)-2-(Hydroxy-(p-methoxyphenyl)methyl)cyclohexan-1-one(7k1)9,10,11

 

OHO

7k1
OMe

Prepared according to SP3 (84mg, 36% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 6:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.23 (2H, s), 6.88-

6.86 (2H, m), 4.74 (1H, dd, J = 9.0, 2.0 Hz), 3.92 (1H, t, J = 2.0 Hz), 3.80 (3H, s), 2.59-2.58 (1H, 

m), 2.50-2.46 (1H, m), 2.36-2.35 (1H, m), 2.10-2.06 (1H, m), 1.80-1.78 (1H, m), 1.70-1.57 (3H, 

m), 1.28-1.24 (1H, m). Chiral HPLC conditions: Daicel Ch iralpak OJ-H. n-Hexane: i-PrOH, 

90:10, 1.0 mL/ min, 254 nm: anti: tR (major) = 18.50 min; tR (minor) = 27.22 min. syn: (major) = 

9.28 min; tR (minor) = 7.50 min.

 (2R, 1’S)-2-(Hydroxy-(p-methoxyphenyl)methyl)cyclohexan-1-one(7k2)9,10,11 
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OHO

7k2
OMe

Prepared according to SP3 (140mg, 60% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 6:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.24 (2H, q, J = 2.0 

Hz), 6.88 (2H, dd, J = 7.0, 2.0 Hz), 4.74 (1H, d, J = 9.0 Hz), 3.89 (1H, t, J = 5.5 Hz), 3.80 (3H, s), 

2.61-2.58 (1H, m), 2.50-2.46 (1H, m), 2.38-2.35 (1H, m), 2.10-2.07 (1H, m), 1.80-1.77 (1H, m), 

1.70-1.57 (3H, m), 1.28-1.24 (1H, m). Chiral HPLC conditions: Daicel Ch iralpak OJ-H. n-

Hexane: i-PrOH, 90:10, 1.0 mL/ min, 254 nm: anti: tR (major) =29.78 min; tR (minor) = 19.90 min. 

syn: (major) = 7.46 min; tR (minor) = 9.62 min.

 (2S, 1’R)-2-(Hydroxy-(furan-2-yl)propyl)cyclohexan-1-one (7l1)10

OH

O

O

7l1

Prepared according to SP3 (136mg, 70% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.34 (1H, t, J = 1.0 Hz 

), 6.33 (1H, m), 6.27 (1H, dd, J = 6.5, 3.0 Hz), 4.83 (1H, d, J = 8.5 Hz), 3.89 (1H, s), 2.91-2.80 

(1H, m), 2.45-2.36 (2H, m), 2.11-2.10 (1H, m), 1.84-1.82 (2H, m), 1.67-1.65 (2H, m), 1.42-1.32 

(1H, m). Chiral HPLC conditions: Daicel Ch iralpak AD-H. n-Hexane: i-PrOH, 90:10, 0.5 mL/ 

min, 210 nm: anti: tR (major) =30.63 min; tR (minor) = 34.01 min. syn: (major) = 23.42 min; tR 

(minor) = 22.13 min.

 (2R, 1’S)-2-(Hydroxy-(furan-2-yl)propyl)cyclohexan-1-one (7l2)10 

OH

O

O

7l2

Prepared according to SP3 (120mg, 62% isolated yield). Yellow solid. Purified by flash 
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chromatography (Hex/EtOAc, 3:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 7.38-7.34 (1H, m), 

6.32 (1H, dd, J = 3.5, 3.0 Hz), 6.28 (1H, d, J = 3.0 Hz), 4.83 (1H, dd, J = 8.0, 3.5 Hz), 3.89 (1H, d, 

J = 1.5 Hz), 2.93-2.89 (1H, m), 2.45-2.36 (2H, m), 2.11-2.10 (1H, m), 1.84-1.82 (2H, m), 1.67-

1.61 (2H, m), 1.36-1.33 (1H, m). Chiral HPLC conditions: Daicel Chiralpak AD-H. n-Hexane: i-

PrOH, 90:10,0.5 mL/ min, 210 nm: anti: tR (major) =34.19 min; tR (minor) = 30.80 min. syn: 

(major) = 22.20 min; tR (minor) = 23.51 min.

R-4-hydroxy-4-(4-nitrophenyl)butan-2-one (7m1)9,10

O OH

NO2
7m1

Prepared according to SP3 (66mg, 40% isolated yield). Orangish solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 8.20 (2H, d, J = 8.5 

Hz), 7.54 (2H, d, J = 8.5 Hz), 5.28-5.25 (1H, m), 3.57 (1H, d, J = 3.5 Hz), 2.86 (2H, t, J = 6.0 Hz), 

2.22 (3H, s). Chiral HPLC conditions: Daicel Chiralpak OJ-H. n-Hexane: i-PrOH, 90:10, 1.0 mL/ 

min, 254 nm: tR (major) = 28.47 min; tR (minor) = 32.95 min. 

 (2S, 1’S)-2-(Hydroxy-(p-nitrophenyl)methyl)cyclopentan-1-one (7n1)9,10   

OH

NO2
7n1

O

Prepared according to SP3 (223mg, 95% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 3:1).  1H NMR (CDCl3, 500 MHz, δ (ppm)): 8.21 (2H, dd, J = 9.0, 

2.5 Hz), 7.52 (2H, t, J = 9.0 Hz), 4.85 (1H, d, J = 9.5 Hz), 4.75 (1H, s), 2.48-2.16 (3H, m), 2.15-

2.03 (1H, m), 1.74-1.61 (3H, m). Chiral HPLC conditions: Daicel Chiralpak AD-H. n-Hexane: i-

PrOH, 90:10, 1.0 mL/ min, 254 nm: syn: tR (major) =21.23 min; tR (minor) = 24.01 min. 

 (2S, 1’R)-2-(Hydroxy-(p-nitrophenyl)methyl)cycloheptan-1-one (7o1)10
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OH

NO2

O

7o1

Prepared according to SP3 (118mg, 45% isolated yield). Yellow solid. Purified by flash 

chromatography (Hex/EtOAc, 6:1). 1H NMR (CDCl3, 500 MHz, δ (ppm)): 8.20 (2H, d, J =8.5 Hz), 

7.53 (2H, d, J = 8.5 Hz), 4.92 (1H, dd, J = 7.5, 5.0 Hz), 3.72 (1H, d, J = 5.0 Hz), 2.98-2.97 (1H, 

m), 2.50-2.48 (2H, m), 1.88-1.71 (4H, m), 1.38-1.25 (4H, m). Chiral HPLC conditions: Daicel 

Chiralpak AD-H. n-Hexane: i-PrOH, 90:10, 1.0 mL/ min, 220 nm: anti: tR (major) = 19.84 min; tR 

(minor) = 9.96 min. syn: tR (major) = 8.28 min; tR (minor) = 7.13min.
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1H and 13C NMR spectra

(S)-tert-butyl 2-(((R)-tert-butylsulfinyl)carbamoyl)pyrrolidine-1-carboxylate (3a)
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(R)-tert-butyl 2-(((S)-tert-butylsulfinyl)carbamoyl)pyrrolidine-1-carboxylate (3c)
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(R)-tert-butyl 2-(((R)-tert-butylsulfinyl)carbamoyl)pyrrolidine-1-carboxylate (3d)
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(S)-N-((R)-tert-butylsulfinyl)pyrrolidine-2-carboxamide (4a)

(S)-2-((R)-tert-butylsulfinylcarbamoyl)pyrrolidinium 2,2,2-trifluoroacetate (4b)
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(R)-2-((S)-tert-butylsulfinylcarbamoyl)pyrrolidinium 2,2,2-trifluoroacetate (4c)
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(R)-2-((R)-tert-butylsulfinylcarbamoyl)pyrrolidinium 2,2,2-trifluoroacetate (4d)
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(2S, 1’R)-2-(Hydroxy-(p-nitrophenyl)methyl)cyclohexan-1-one (7a1)

(2R, 1’S)-2-(Hydroxy-(p-nitrophenyl)methyl)cyclohexan-1-one (7a2)
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 (2S, 1’R)-2-(Hydroxy-(m-nitrophenyl)methyl)cyclohexan-1-one (7b1)

(2R, 1’S)-2-(Hydroxy-(m-nitrophenyl)methyl)cyclohexan-1-one (7b2)
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(2S, 1’R)-2-(Hydroxy-(o-nitrophenyl)methyl)cyclohexan-1-one (7c1)
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(2R, 1’S)-2-(Hydroxy-(o-nitrophenyl)methyl)cyclohexan-1-one (7c2)

(2S, 1’R)-2-(Hydroxy-(p-cyanophenyl)methyl)cyclohexan-1-one (7d1)
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(2R, 1’S)-2-(Hydroxy-(p-cyanophenyl)methyl)cyclohexan-1-one (7d2)

(2S, 1’R)-2-(Hydroxy-(p-(trifluoromethyl)phenyl)methyl)cyclohexan-1-one (7e1)
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(2R, 1’S)-2-(Hydroxy-(p-(trifluoromethyl)phenyl)methyl)cyclohexan-1-one (7e2) 

(2S, 1’R)-2-(Hydroxy-(2,4-dichlorophenyl)methyl)cyclohexan-1-one (7f1)
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(2R, 1’S)-2-(Hydroxy-(2,4-dichlorophenyl)methyl)cyclohexan-1-one (7f2)

(2S, 1’R)-2-(Hydroxy-(p-bromophenyl)methyl)cyclohexan-1-one (7g1) 
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 (2R, 1’S)-2-(Hydroxy-(p-bromophenyl)methyl)cyclohexan-1-one (7g2)

(2S, 1’R)-2-(Hydroxy-(p-chlorophenyl)methyl)cyclohexan-1-one (7h1)
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.(2R, 1’S)-2-(Hydroxy-(p-chlorophenyl)methyl)cyclohexan-1-one (7h2)

(2S, 1’R)-2-(Hydroxy(naphthalen-2-yl)methyl)cyclohexan-1-one (7i1)
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(2S, 1’R)-2-(Hydroxy(naphthalen-2-yl)methyl)cyclohexan-1-one (7i2)

(2S, 1’R)-2-(Hydroxy(phenyl)methyl)cyclohexan-1-one (7j1)
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(2R, 1’S)-2-(Hydroxy(phenyl)methyl)cyclohexan-1-one (7j2)

(2S, 1’R)-2-(Hydroxy-(p-methoxyphenyl)methyl)cyclohexan-1-one (7k1)
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(2R, 1’S)-2-(Hydroxy-(p-methoxyphenyl)methyl)cyclohexan-1-one (7k2)

(2S, 1’R)-2-(Hydroxy-(furan-2-yl)propyl)cyclohexan-1-one (7l1)
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 (2R, 1’S)-2-(Hydroxy-(furan-2-yl)propyl)cyclohexan-1-one (7l2)  

R-4-hydroxy-4-(4-nitrophenyl)butan-2-one (7m1)



 44 / 94

(2S, 1’S)-2-(Hydroxy-(p-nitrophenyl)methyl)cyclopentan-1-one (7n1)

(2S, 1’R)-2-(Hydroxy-(p-nitrophenyl)methyl)cycloheptan-1-one (7o1)
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O OH

NO2
7a
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O OH

NO2
7a1
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NO2
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NO2
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7b1

NO2
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O OH

7b2

NO2
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O OH
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NO2
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7c1

NO2
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O OH

CN
7d
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O OH

CN
7d1
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CN
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O OH

CF3
7e1
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O OH

CF3
7e2
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O OH Cl

Cl
7f
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O OH Cl

Cl
7f1



 65 / 94

O OH Cl

Cl
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