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1. General 
Commercial reagents were used without further purification. Melting points were 

recorded with a micro melting point apparatus and uncorrected. The morphology of 

samples was observed through a field emission scanning electron microscope (FE-

SEM, HITACHI Regulus 8100) at an acceleration voltage of 10 kV. The related 

elemental distribution was analyzed with energy-dispersive X-ray spectroscopy (EDS, 

Oxford Utim Max 65). Transmission electron microscope (TEM) images were 

performed using a Tecnai G2 F30 S-Twin and Energy spectrum model: Xplore 80. 

Nitrogen sorption isotherms at the temperature of liquid nitrogen were performed on a 

micropolitics system, and the samples were degassed for 10 h at 393 K before the 

measurements. The specific surface areas were calculated from the adsorption data 

using Brunauer-Emmett-Teller (BET) methods. The total pore volume at P/Po = 0.995. 

The pore size distribution curves were obtained from the desorption branches using the 

nonlocal density functional theory (NLDFT) method. The 1H NMR spectra were 

recorded at 600 MHz or 400 MHz. The 13C NMR spectra were recorded at 150 MHz or 

100 MHz. The coupling constants J were given in Hz. HRMS spectra were recorded on 

an Agilent 1200HPLC-6210TOFMS using ESI as ion source. The conversion of 

starting materials was monitored by thin layer chromatography (TLC) using silica gel 

plates (silica gel 60 F254 0.25 mm), and components were visualized by observation 

under UV light (254 and 365 nm). Optical rotations were determined using an 

AUTOPOL V polarimeter. HPLC analyses were performed on Agilent 1100 and 

Waters e2695 equipped with IA-H, IC-H, ID-H, OD-H, OJ-H and AD-H.
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2. Preparation of Polymer-supported Catalysts

2.1. Synthetic route for the preparation of Ligand precursor D
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Figure S1 Synthetic route for the preparation of ligand precursor

2.2. General procedure for the preparation of D1

S

B1
1 equiv

O

O

Cl
S

O

O

NH NH2
+

Et3N (2 equiv)

DCM, 0 oC to r.t., Ar, 6 h
H2N NH2

(S,S)-Cyclohexane-1,2-diamine
1.3 equiv.

D1

To a solution of (S, S)- Cyclohexane-1,2-diamine (1.7 g, 15 mmol) and Et3N (2.8 

mL, 20 mmol) in DCM (15 mL) was added B1 (2.0 g, 10 mmol) in DCM (10 mL) 

dropwise at 0 oC. The mixture was then allowed to warm to room temperature and 

stirred for 6 h. After reaction, the mixture was washed with H2O and brine, then the 

organic layer was dried over Na2SO4 and concentrated to get the crude product, which 

can be purified via a short column over silica gel to give the product D1 as white solid 

(1.74 g, 62% yield). 

2.3. General procedure for the preparation of C2-C4

Br S

B3
1.2 equiv

O

O

Cl
Br S

O

O

NH NHBoc
+

Et3N (2 equiv)

DCM, 0 oC to r.t., Ar, 5 h
H2N NHBoc

(S,S)-A
1 equiv.

C3

To a solution of (S, S)-A (2.14 g, 10 mmol) and Et3N (2.8 mL, 20 mmol) in DCM 

(10 mL) was added B3 (3.4 g, 12 mmol, 0.8 M in DCM) dropwise at 0 oC. The mixture 

was then allowed to warm to room temperature and stirred for 5 h. After reaction, the 

mixture was washed with H2O and brine, then the organic layer was dried over Na2SO4 

and concentrated. The obtained solid was suspended in PE, stirred, and then filtered to 
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give the product C3 as white solid (4.28 g, 93% yield). C2 and C4 were synthesized 

from different acyl chlorides and enantiomeric diamines with similar yield respectively.

2.4. General procedure for the preparation of D2-D4

B(OH)2
Br S

O

O

NH NHBoc S

O

O

NH NH2

Pd(OAc)2 (1%), XPhos (2%)
K2CO3 (2 equiv)

Toluene:EtOH:H2O = 3:1:1
Ar, 85 oC, 1 h

+
CF3COOH (5 equiv.)

DCM, 0 oC to r.t., 6 h

C3
1 equiv

1.2 equiv D3

C3 (6.5 mmol), 4-Vinylphenylboronic acid (7.8 mmol), Pd(OAc)2 (0.065 mmol), 

XPhos (0.13 mmol), K2CO3 (13 mmol), Toluene (65 mL), EtOH (13 mL), H2O (13 mL) 

was added to a 250 mL round flask. The mixture was stirred at 85 oC for 1 h under an 

argon atmosphere. Upon completion, organic solvent was removed and H2O (20 mL) 

was added. The resulting mixture was extracted with DCM for three times, and the 

combined organic extracts were washed with brine, dried over Na2SO4 and the solvent 

removed in vacuo to give the crude product.

The crude product obtained above was redispersed in DCM (8 mL), and 

trifluoroacetic acid (2.5 mL) was added slowly at 0 oC. Then the reaction mixture was 

allowed to warm to room temperature. When completion of the reaction, the pH was 

adjusted to pH = 12-14 using NaOH (2 M in H2O). The reaction mixture was extracted 

with DCM for three times. The organic extracts were washed with brine, dried over 

Na2SO4 and concentrated to give a green solid crude product, which can be purified by 

flash column chromatography over silica gel to give the D3 as white solid (1.45 g, 58% 

yield). D2 and D4 was prepared from C2 and C4 respectively with similar yield.

2.5. General procedure for the preparation of vinyl f-diaphos L1

Fe

AcO

Ph2P
NH2NH

MeOH, reflux, 3 h

59-70%
+

E L

S

O

O

Ar Fe

HN

Ph2P

NHS

O

O

Ar

D

A solution of (RC,SFC)- or (SC,RFC)-E (5.5 mmol), (R,R) or (S,S)-1,2-diamine D (5 

mmol) in dry MeOH (10 mL) was stirred at reflux for 3 hours. The reaction mixture 

was cooled to room temperature, and then the solvent was removed under vacuum. The 

crude product was purified by column chromatography on silica gel to yield L1−L4 as 

orange solid in 59%-70% yield.

2.6. General procedure for the synthesis of Ir-POP@L-X2
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Ir-POP@L-X
(X = equiv. of DVB)

DVB, X equiv

Ar

L, 1 equiv

AIBN (1.2 mol%)

THF, Ar, 65 oC

[Ir(COD)Cl]2

Ir
Cl

Ir
Cl

Ir
Cl

Ir
Cl

In a glove box, AIBN (26 mg, 0.16 mmol), DVB (780 mg, 6 mmol), f-diaphos 

ligand L3 (237.3 mg, 0.3 mmol) in THF (21 mL) was added to a sealed tube. Then the 

sealed tube was taken out from the glove box, and heated at 65 oC for 24 h. When the 

system became gel-like, the reaction was stopped, and the mixture was allowed to cool 

to room temperature. Then, EtOH (50 mL) was added, and the mixture was stirred to 

disperse the polymer. The mixture was then filtered and washed with DCM, THF and 

EA three times respectively, yielding POP@L3-20 as yellow solid powder (730.1 mg, 

72% yield). Other polymer ligands were prepared through same method using different 

ligand or equivalent of DVB.

Under argon atmosphere, POP@L3-20 (570 mg), [Ir(COD)Cl]2 (42.2 mg, 0.063 

mmol) and iPrOH (10 mL) was added to a oven-dried vial (50 mL), then the vial was 

sealed and taken out from the glove box and stirred at 40 oC for 1.5 h. The resulting 

mixture was filtered and rinsed with excess DCM, iPrOH until filtrate become colorless. 

Then the residue was dried at 40 oC under reduced pressure to afford Ir-POP@L3-20 

as a orange powder (563.3 mg, 92% (w/w)). 
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3. General procedure for asymmetric hydrogenation

N

O

1 2

R1 R2

N

OH

R1 R2

Ir-POP@L3/L4-20 (0.02 mol%)
tBuOLi (2.5 mol%)

iPrOH (10 mL), H2 (3.0 Mpa)
r.t., 10 h

*

Ir-POP@L3/L4-20 (0.02 mol%)
tBuOLi (2.5 mol%)

iPrOH (10 mL), H2 (3.0 Mpa)
r.t., 12 h

O

R1

OH

R1

R R

3 4

*

General procedure for the asymmetric hydrogenation of 2-pyridyl aryl ketones and 

aryl alkyl ketones: Under argon atmosphere, Ir-POP@L3-20 or Ir-POP@L4-20 (2.1 

or 2.0 mg), substrates 1 (2 mmol), tBuOLi (4 mg, 0.05 mmol), anhydrous iPrOH (10 

mL) were added to an oven-dried hydrogenation vessel (50 mL). After the vessel was 

securely placed into the autoclave, the assembled system was carefully removed from 

the glove box. Subsequently, the autoclave was purged seven times with hydrogen, then 

pressurized to 30 atm of H2 and stirred at room temperature for 10 h. Upon completion, 

the heterogeneous catalyst was separated via filtration. The aqueous solution was 

combined and the solvent was removed under reduced pressure. The residue was 

purified by silica gel flash chromatography to afford the desired product. The ee value 

was determined by chiral HPLC analysis.

NCl

OH COOMe

NCl

O COOMe
Ir-POP@L4-20 (0.2 mol%)

NaOAc (2.5 mol%)

toluene (10 mL), H2 (2.5 Mpa)
80 oC, 24 h

3k 4k

Procedure for the asymmetric hydrogenation of 3k: Under argon atmosphere, Ir-

POP@L4-20 (20.1 mg), 3k (2 mmol, 912 mg), NaOAc (4.1 mg, 0.05 mmol), 

anhydrous toluene (10 mL) were added to an oven-dried hydrogenation vessel (50 mL). 

After the vessel was securely placed into the autoclave, the assembled system was 

carefully removed from the glove box. Subsequently, the autoclave was purged seven 

times with hydrogen, then pressurized to 25 atm of H2 and stirred at 80 oC for 24 h. 

Upon completion, the heterogeneous catalyst was separated via filtration. The aqueous 

solution was combined and the solvent was removed under reduced pressure. The 

residue was purified by silica gel flash chromatography to afford the desired product. 

The ee value was determined by chiral HPLC analysis.
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O

R1
X

O OH

R1
X

O
Ir-POP@L3-20 (0.02 mol%)

Base (2.5 mol%)

Solvent (10 mL), H2 (3.0 Mpa)
50 oC, 14 h5 6

General procedure for the asymmetric hydrogenation of β-aryl-β-

ketoaimdes/esters: Under argon atmosphere, Ir-POP@L3-20 (2.1 mg), substrates 5 (2 

mmol), NaOH (2 mg, 0.05 mmol, for 5a), tBuOLi (4 mg, 0.05 mmol, for 5b), NaOAc 

(4.1 mg, 0.05 mmol, for 5c, 5d, 5e), dried EA (10 mL, for 5a, 5c, 5d, 5e), iPrOH (10 

mL, for 5b) were added to an oven-dried hydrogenation vessel (50 mL). After the vessel 

was securely placed into the autoclave, the assembled system was carefully removed 

from the glove box. Subsequently, the autoclave was purged seven times with 

hydrogen, then pressurized to 30 atm of H2 and stirred at 50 oC for 14 h. Upon 

completion, the heterogeneous catalyst was separated via filtration. The aqueous 

solution was combined and the solvent was removed under reduced pressure. The 

residue was purified by silica gel flash chromatography to afford the desired product. 

The ee value was determined by chiral HPLC analysis.
O

Ar
R1

O OH

Ar
R1

O

R2 R2
*

*
Conditions

Procedure for the asymmetric hydrogenation of α-F-β-ketone Esters 5f: Under 

argon atmosphere, Ir-POP@L3-20 (2.1 mg), substrates 5f (2 mmol), NaOH (4 mg, 0.1 

mmol), dried EA (10 mL) were added to an oven-dried hydrogenation vessel (50 mL). 

After the vessel was securely placed into the autoclave, the assembled system was 

carefully removed from the glove box. Subsequently, the autoclave was purged seven 

times with hydrogen, then pressurized to 5 atm of H2 and stirred at room temperature 

for 12 h. Upon completion, the heterogeneous catalyst was separated via filtration. The 

aqueous solution was combined and the solvent was removed under reduced pressure. 

The residue was purified by silica gel flash chromatography to afford the desired 

product. The ee and dr value was determined by chiral HPLC analysis.

Procedure for the asymmetric hydrogenation of β’-keto-β-amino esters 5g-5i: 

Under argon atmosphere, Ir-POP@L4-20 (2.1 mg), substrates 5g-5i (2 mmol), NaOAc 

(4.1 mg, 0.05 mmol), dried toluene (10 mL) were added to an oven-dried hydrogenation 

vessel (50 mL). After the vessel was securely placed into the autoclave, the assembled 

system was carefully removed from the glove box. Subsequently, the autoclave was 

purged seven times with hydrogen, then pressurized to 35 atm of H2 and stirred at 60 
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oC for 24 h. Upon completion, the heterogeneous catalyst was separated via filtration. 

The aqueous solution was combined and the solvent was removed under reduced 

pressure. The residue was purified by silica gel flash chromatography to afford the 

desired product. The ee and dr value was determined by chiral HPLC analysis.
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4. Batch recycling and continuous flow with Ir-POP@L4-20

4.1. General procedure for batch recycling experiment
Under an argon atmosphere, Ir-POP@L4-20 (10 mg, 0.002 mmol of Ir), substrate 

1f (10 mmol), tBuOLi (20 mg, 0.25 mmol), and anhydrous isopropanol (50 mL) was 

added into a 250 mL hydrogenation autoclave. The autoclave was then carefully 

removed from the glove box and purged seven times with hydrogen. The system was 

subsequently pressurized to 30 atm of H2 and maintained at 25-30 °C with continuous 

stirring for 10 hours. Notably, the reaction time for each cycle was progressively 

extended by 30 minutes starting from Run 3. Upon completion, the heterogeneous 

catalyst was filtered in glove box. The aqueous solution was poured and combined, and 

the filter residue was washed with anhydrous iPrOH. After washing, heterogeneous 

catalyst was transferred to hydrogenation vessel for next recycle. The solvent in 

supernatant was removed under reduced pressure, the ee value and conversion was 

determined by HPLC analysis. The resulting residue was combined and purified via a 

short column of silica gel to afford product as white solid (15.1 g, 98% yield).

N

O

1f, 10 mmol 2f

N

OH
Ir-POP@L4-20 (0.02 mol%)

tBuOLi (2.5 mol%)

iPrOH (50 mL), H2 (3.0 Mpa)
r.t., 10 - 12 h

Cl Cl

Figure S2 Batch recycle of catalyst Ir-POP@L4-20
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4.2. General procedure for continuous flow3

4.2.1. Pretreatment of catalyts
Ir-POP@L4-20 (75 mg, 0.015 mmol of Ir), tBuOLi (8 mg, 0.1 mmol), anhydrous 

iPrOH (2.5 mL) were added to an oven-dried flask (10 mL) and stirred for 0.5 h in 25 
oC to 30 oC. The resulting solid was filtered and grinded to fine powder get the 

pretreated catalyst. All aforementioned operations were performed inside the glove box.

4.2.2. Set up of a fixed bed reactor
Inside a glovebox, fill the pretreated catalyst prepared above, tBuOLi (300 mg), 

and silica sand (40-60 mesh) as solid dilutant into the SUS column (Φ10×200 mm). 

The column's inlet is fitted with a gas-liquid mixer, with one-way valves attached to 

both the gas and liquid inlets. The column's outlet is sealed with a screw stopper. Then 

the assembled system was taken out from glove box carefully.

4.2.3. Preparation of substrate solution
Substrate 2f (7.9 g, 36 mmol) and iPrOH (180 mL) were added to a 2-neck round 

bottom flask (500 mL), and changed seven times with Ar. The system was then 

sonicated for ten minutes, followed by another replacement with Ar for five times. The 

solution was kept under Ar balloon. 

4.2.4. Installation of the equipment
A Hydrogen cylinder and a mass flow controller were equipped at the one-way 

valves for gas inlet. A plunger pump and a safety valve were introduced at the 3-way 

switcher for liquid inlet. H2 was introduced at the rate of 50 mL/min into the continuous 

flow system, while the screw stopper at the outlet of the fixed bed reactor was removed. 
iPrOH was flowed at the rate of 1 mL/min into the system. Then, a pressure monitor 

and a back pressure regulator were introduced at the outlet of the column, and the back 

pressure was adjusted to 2.0 MPa.

4.2.5. Continuous asymmetric hydrogenation of 2f
When pressure in system achieved 2.0 MPa, iPrOH was replaced with substrate 

solution prepared above and the rate of solution introduced to the system was reduced 

to 0.3 mL/min to start the reaction. The resulting solution from the end of reactor was 

collected into a conical flask every 2 h at the start of reaction. After several hours of 

operation, the intervals were extended to every 8 h. Conversion and ee was determined 

by HPLC analysis. After determination of conversion and ee, the solvent was removed 
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under reduced pressure and the residue was combined. The flow reaction was continued 

for 130 h. After reaction, 102.7 g of crude product was obtained, 100 mg of which was 

taken to determine the Ir leaching by ICP-MS. The residue was dispersed in DCM and 

washed by brine for three times, dried over Na2SO4 and concentrated, then purified by 

recrystallization in nheptane to give the 2f as white solid (99.52 g, 97.1% yield). 

Table S1. Continuous asymmetric hydrogenation of 2f

 time (h) conv. (%) ee(%)

0-2 82 99.1

2-4 91 99.6

4-6 96 99.6

6-8 98 99.5

8-10 99 99.5

10-12 99 99.6

12-20 98 99.4

20-28 99 99.6

28-36 99 99.6

36-44 98 99.6

44-52 96 99.6

52-60 99 99.5

60-68 99 99.3

68-76 98 99.6

76-84 99 99.6

84-92 99 99.6

92-100 98 99.6

100-108 99 99.6

108-116 97 99.6

116-124 99 99.6

124-130 94 99.6
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5. Characterization

5.1. Ir loading of Ir-POP@L-X
Table S2. ICP-OES of Iridium of Ir-POP@L-X (fresh prepared or after reaction)

5.2. The swelling ratio (SR) of Ir-POP@L-X4

The swelling ratio (SR) of the samples was determined gravimetrically by 

immersing a pre-weighed (Wd) dried sample in 10 mL of MeCN for 2 h. The samples 

were centrifuged (16000 r/min) to remove the solvent and weighed (Ws). The SR of 

the samples is calculated as follows: SR = (Ws-Wd)/Wd*100%5

Table S3. The swelling ratio (SR) of Ir-POP@L-X

Ir (mmol/g) Ir 

Ir-POP@L1-20 1.82*10-1 3.51%

Ir-POP@L2-20 2.11*10-1 4.05%

Ir-POP@L3-20 1.94*10-1 3.72%

Ir-POP@L4-20 1.99*10-1 3.82%

Ir-POP@L3-2 5.22*10-1 10.21%

Ir-POP@L3-10 3.74*10-1 7.19%

Ir-POP@L3-30 1.70*10-1 3.27%

Ir-POP@L3-60 0.90*10-1 1.72%

Ir-POP@L4-20 (after flow) 1.99*10-1 3.83%

Ir-POP@L4-20 (after batch recycle) 1.97*10-1 3.79%

Wd (mg) Ws (mg) SR (%)

Ir-POP@L3-20 100 544 444

Ir-POP@L4-20 100 567 467

Ir-POP@L3-10 100 425 325

Ir-POP@L3-30 100 599 499

Ir-POP@L3-60 100 624 524
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5.3. X-ray photoelectron spectroscopy (XPS) of POP@L4-20

a b

c d

e f

Figure S3. X-ray photoelectron spectroscopy (XPS) of Ir-POP@L4-20 and Ir-L4. (a) Ir 4f 

spectra of Ir-POP@L4-20. (b) Ir 4f spectra of Ir-L4. (c) P 2p spectra of Ir-POP@L4-20. (d) P 2p 

spectra of Ir-L4. (e) N 1s spectra of Ir-POP@L4-20 (f) N 1s spectra of Ir-L4.
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5.4. The thermogravimetric (TG) spectra of Ir-POP@L4-20

Figure S4. TGA of Ir-POP@L4-20.
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5.5. SEM and TEM of catalysts fresh prepared or after reaction

e f Ir

PCl Fe

N O S

c d

a b

Figure S5. Characterization of fresh prepared Ir-POP@L4-20. a) N2 sorption isotherm. b) Pore 

size distribution (based on NLDFT calculations). c) SEM image of Ir-POP@L4-20 (scale bar: 

500 nm). d) SEM image of Ir-POP@L4-20 (scale bar: 100 nm). e) TEM image of Ir-POP@L4-

20 (scale bar: 10 nm). f) HAADF-STEM image and EDS mapping of composition elements Ir, Cl, 

Fe, P, N, O, S respectively (Ir-POP@L4-20, scale bar: 100 nm)
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c d Ir

PCl Fe

N O S

a b

Figure S6. Characterization of Ir-POP@L4-20 after flow. a) SEM image (scale bar: 500nm). b) 

SEM image (scale bar: 500nm). c) TEM image (scale bar: 20 nm). b) HAADF-STEM image and 

EDS mapping of composition elements Ir, Cl, Fe, P, N, O, S respectively (scale bar: 250 nm)
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a b

c d Ir

PCl Fe

N O S

Figure S7. Characterization of Ir-POP@L4-20 after batch recycling. a) SEM image (scale bar: 

500nm). b) SEM image (scale bar: 500nm). c) TEM image (scale bar: 10 nm). b) HAADF-STEM 

image and EDS mapping of composition elements Ir, Cl, Fe, P, N, O, S respectively (scale bar: 

100 nm)
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6. Data of compounds

N-((1S,2S)-2-aminocyclohexyl)-4-vinylbenzenesulfonamide (D1)

S
N
H

O

O
NH2

White solid, 1.74 g, 62% yield, m.p. 105-107 oC (Lit.6 105-107 oC); [α]D
20 = +18.4 

(c = 0.5, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 8.0 Hz, 2H), 7.48 (d, J = 

8.0 Hz, 2H), 6.70 (dd, J = 18.0, 11.6 Hz, 1H), 5.84 (d, J = 17.6 Hz, 1H), 5.38 (d, J = 

10.8 Hz, 1H), 2.92 (br s, 2H), 2.64 (m, 1H), 2.39-2.33 (m, 1H), 1.86 (d, J = 11.6 Hz, 

1H), 1.68 (s, 1H), 1.68-1.53 (m, 2H), 1.17-0.97 (m, 4H). 13C NMR (100 MHz, CDCl3) 

δ 141.5, 139.9, 135.4, 127.3, 126.7, 117.2, 60.6, 54.8, 35.2, 32.5, 25.0, 24.8. HRMS 

(ESI) calcd for C14H21N2O2S [M + H]+ : 281.1318, found: 280.1322.

tert-butyl-((1S,2S)-2-((4-

bromophenyl)sulfonamido)cyclohexyl)carbamate (C2)

Br S

O

O

NH NHBoc

White solid, 4.08 g, 94% yield, m.p. 120-121 oC; [α]D
20 = -20.3 (c = 0.5, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.8 Hz, 2H), 5.98 

(q, J = 6.4 Hz, 1H), 4.52 (t, J = 8.4 Hz, 1H), 3.34-3.25 (m, 1H), 2.91-2.83 (m, 1H), 

1.97-1.86 (m, 2H), 1.63 (t, J = 15.2 Hz, 2H), 1.40 (s, 9H), 1.29-1.20 (m, 2H), 1.16-1.05 

(m, 2H). 13C NMR (100 MHz, CDCl3) δ157.0, 140.8, 132.2, 128.5, 127.1, 80.1, 59.5, 

53.6, 33.8, 32.8, 28.4, 24.7, 24.5. HRMS (ESI) calcd for C17H26BrN2O4S [M + H]+ : 

433.0791, found: 433.0789.

tert-butyl-((1S,2S)-2-((4-bromo-2,6-

dimethylphenyl)sulfonamido)cyclohexyl) carbamate (C3)

Br S

O

O

NH NHBoc

White solid, 4.40 g, 95% yield, m.p. 122-123 oC; [α]D
20 = -22.7 (c = 0.5, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.28 (s, 2H), 5.61 (d, J = 6.4 Hz, 1H), 4.51 (d, J = 8.4 
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Hz, 1H), 3.32 (d, J = 10.8 Hz, 1H), 2.94 (t, J = 5.2 Hz, 1H), 2.64 (s, 6H), 2.02-1.97 (m, 

1H), 1.78-1.76 (m, 1H), 1.70-1.65 (m, 1H), 1.62-1.57 (m, 1H), 1.44 (s, 9H), 1.25-1.20 

(m, 1H), 1.18-1.11 (m, 3H). 13C NMR (100 MHz, CDCl3) δ157.1, 140.9, 137.9, 133.8, 

125.9, 80.3, 59.1, 53.6, 33.6, 33.0, 28.5, 24.8, 24.6, 23.1. HRMS (ESI) calcd for 

C19H30BrN2O4S [M + H]+ : 461.1104, found: 461.1107.

tert-butyl-((1R,2R)-2-((4-bromo-2,6-

dimethylphenyl)sulfonamido)cyclohexyl) carbamate (C4)

BrS

O

O

HNBocHN

White solid, 4.34 g, 94% yield, m.p. 122-123 oC; [α]D
20 = +20.8 (c = 0.5, CHCl3).  

1H NMR (400 MHz, CDCl3) δ 7.29 (s, 2H), 5.61 (d, J = 6.4 Hz, 1H), 4.51 (d, J = 8.4 

Hz, 1H), 3.33 (d, J = 10.4 Hz, 1H), 2.95 (t, J = 4.8 Hz, 1H), 2.64 (s, 6H), 2.02-1.97 (m, 

1H), 1.78-1.76 (d, J = 11.2 Hz, 1H), 1.70-1.66 (m, 1H), 1.62-1.58 (m, 1H), 1.44 (s, 9H), 

1.25-1.20 (m, 1H), 1.18-1.11 (m, 3H). 13C NMR (100 MHz, CDCl3) δ157.2, 140.9, 

138.0, 133.9, 126.0, 80.4, 59.1, 53.7, 33.7, 33.1, 28.6, 24.9, 24.7, 23.2. HRMS (ESI) 

calcd for C19H30BrN2O4S [M + H]+ : 461.1104, found: 461.1102.

N-((1S,2S)-2-aminocyclohexyl)-4'-vinyl-[1,1'-biphenyl]-4-sulfonamide 

(D2)

S
O

O
NH NH2

White solid, 1.18 g, 51% yield, m.p. 140-141 oC; [α]D
20 = +12.7 (c = 0.5, CHCl3) 

1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.57 

(d, J = 8.0 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H), 6.74 (dd, J = 17.6, 10.8 Hz, 1H), 5.81 (d, 

J = 17.6 Hz, 1H), 5.30 (d, J = 10.8 Hz, 1H), 3.12 (br s, 3H), 2.76-2.71 (m, 1H), 2.45 

(td, J = 10.4, 4.0 Hz, 1H), 1.94 (d, J = 11.2 Hz, 1H), 1.78 (d, J = 10.0 Hz, 1H), 1.64-

1.57 (m, 2H), 1.22-1.08 (m, 4H). 13C NMR (100 MHz, CDCl3) δ 144.8, 139.7, 138.5, 

137.8, 136.2, 127.6, 127.4, 126.9, 144.8, 60.5, 54.8, 35.3, 32.7, 25.0, 24.8. HRMS (ESI) 

calcd for C20H25N2O2S [M + H]+ : 357.1631, found: 357.1630.
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N-((1S,2S)-2-aminocyclohexyl)-2',6'-dimethyl-4'-vinyl-[1,1'-

biphenyl]-4-sulfonamide (D3)

S
O

O
NH NH2

White solid, 1.45 g, 58% yield, m.p. 147-148 oC; [α]D
20 = +24.9 (c = 0.5, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.4 Hz, 2H), 7.48(d, J = 8.4 Hz, 2H), 7.36 

(s, 2H), 6.75 (dd, J = 17.6, 10.8 Hz, 1H), 5.81 (d, J = 17.6 Hz, 1H), 5.30 (d, J = 11.2 

Hz, 1H), 2.77 (s, 6H), 2.69 (td, J = 10.0, 4.0 Hz, 1H), 2.46 (td, J = 10.4, 4.0 Hz, 1H), 

1.92 (t, J = 10.8 Hz, 2H), 1.63 (t, J = 10.8 Hz, 2H), 1.28-1.05 (m, 4H). 13C NMR (100 

MHz, CDCl3) δ 143.5, 139.5, 138.4, 137.7, 136.6, 136.3, 129.6, 127.4, 126.8, 114.6, 

60.1, 54.8, 35.8, 32.6, 25.0, 24.9, 23.5. HRMS (ESI) calcd for C22H29N2O2S [M + H]+ : 

385.1944, found: 384.1941.

N-((1R,2R)-2-aminocyclohexyl)-2',6'-dimethyl-4'-vinyl-[1,1'-

biphenyl]-4-sulfonamide (D4)

H2N HN
O

O
S

White solid, 1.40 g, 56% yield, m.p. 147-148 oC; [α]D
20 = -29.0 (c = 0.5, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.36 

(s, 2H), 6.74 (dd, J = 17.6, 10.8 Hz, 1H), 5.80 (d, J = 17.6 Hz, 1H), 5.30 (d, J = 10.8 

Hz, 1H), 2.77 (s, 6H), 2.64 (td, J = 10.0, 4.0 Hz. 1H), 2.40 (td, J = 10.8, 4.0 Hz, 1H), 

1.94-1.90 (m, 2H), 1.65-1.59 (m, 2H), 1.23-1.05 (m, 4H). 13C NMR (100 MHz, CDCl3) 

δ143.4, 139.5, 138.4, 137.6, 136.5, 136.2, 129.6, 127.3, 126.8, 114.6, 60.2, 54.8, 35.9, 

32.6, 25.0, 24.9, 23.5. HRMS (ESI) calcd for C22H29N2O2S [M + H]+ : 385.1944, found: 

384.1946.

vinyl-f-diaphos L1
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Fe

HN

Ph2P

NHS
O

O

Orange solid, 2.03 g, 59% yield, m.p. 164-165 oC; [α]D
20 = +141.5 (c = 0.5, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.0 Hz, 2H), 7.49-7.44 (m, 4H), 7.36-7.35 

(m, 3H), 7.15-7.11 (m, 1H), 7.02 (t, J = 8.0 Hz, 4H), 6.76 (dd, J = 17.6, 10.8 Hz, 1H), 

5.90 (br s, 1H), 5.88 (d, J = 17.6 Hz, 1H), 5.42 (d, J = 10.8 Hz, 1H), 4.50 (s, 1H), 4.35 

(t, J = 2.8 Hz, 1H), 4.06 (s, 5H), 4.00-3.98 (m, 1H), 3.68-3.67 (m, 1H), 2.14-2.06 (m, 

2H), 1.90 (d, J = 12.4 Hz, 1H), 1.78 (td, J = 10.8, 4 Hz, 1H), 1.45 (t, J = 14.8 Hz, 2H), 

1.34 (d, J = 6.4 Hz, 3H), 1.13-0.94 (m, 2H), 0.85-0.78 (m, 1H), -0.33 to -0.43 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 141.4, 139.8 (d, J = 10.7 Hz), 138.8, 136.6 (d, 9.4 Hz), 

135.5, 135.0 (d, J = 20.8 Hz), 132.8 (d, J = 19.3 Hz), 129.2, 128.4, 128.3 (d, J = 6.7 

Hz), 128.2 (d, J = 7.6 Hz), 126.4, 117.2, 98.2 (d, J = 22.4 Hz), 74.3 (d, J = 6.3 Hz), 71.2 

(d, J = 4.1 Hz), 69.7, 69.4 (d, J = 3.8 Hz), 69.2, 57.8, 56.9, 46.2 (d, J = 9.3 Hz), 32.3, 

29.8, 24.8, 24.0, 20.0. 31P NMR (162 MHz, CDCl3) δ −24.79 (s). HRMS (ESI) calcd 

for C38H42FeN2O2PS [M + H]+ : 677.2049, found: 677.2044.

vinyl-f-diaphos L2

Fe

HN

Ph2P

NHS
O

O

Orange solid, 2.44 g, 64% yield, m.p. 158-159 oC. [α]D
20 = +98.5 (c = 0.5, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.60 (d, 

J = 8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 7.43 (t, J = 8.0 Hz, 2H), 7.36 (t, J = 7.6 Hz, 

3H), 7.10 (t, J = 6.4 Hz, 1H), 7.03-6.95 (m, 4H), 6.78 (dd, J = 17.6, 10.8 Hz, 1H), 5.93 

(br s, 1H), 5.84 (d, J = 17.6 Hz, 1H), 5.34 (d, J = 11.2 Hz, 1H), 4.53 (s, 1H), 4.36 (t, J 

= 3.2 Hz, 1H), 4.08 (s, 5H), 3.99-3.97 (m, 1H), 3.67 (s, 1H), 2.21-2.09 (m, 2H), 1.90-

1.88 (m, 2H), 1.51-1.42 (m, 2H), 1.36 (d, J = 6.4 Hz, 3H), 1.19-1.12 (m, 1H), 1.02-0.98 

(s, 1H), 0.91-0.80 (m, 2H), -0.43 to -0.54 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 

144.4, 139.8 (d, J = 11 Hz), 138.5 (d, J = 14.6 Hz), 137.7, 136.4 (d, J = 9.3 Hz), 136.1, 
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135.0, 134.8, 132.9, 132.7, 129.2, 128.4 (d, J = 4.1 Hz), 128.2 (d, J = 5.4 Hz), 128.2, 

127.4, 127.1, 126.9, 114.8, 98.2 (d, J = 22.3 Hz), 74.3 (d, J = 6.1 Hz), 71.2 (d, J = 4 

Hz), 69.8, 69.4 (d, J = 3.9 Hz), 69.2, 57.8, 56.7, 46.0 (d, J = 9.2 Hz), 32.5, 29.6, 24.7, 

24.0, 19.9. 31P NMR (162 MHz, CDCl3) δ −24.38 (s). HRMS (ESI) calcd for 

C44H46FeN2O2PS [M + H]+ : 753.2362, found: 753.2361.

vinyl-f-diaphos L3

Fe

HN

Ph2P

NHS
O

O

Orange solid, 2.77 g, 70% yield, m.p. 160-161 oC. [α]D
20 = +143.0 (c = 0.5, CHCl3) 

1H NMR (600 MHz, CDCl3) δ 7.60 (d, J = 7.8 Hz, 2H), 7.51 (d, J = 7.8 Hz, 2H), 7.47 

(t, J = 7.8 Hz, 2H), 7.38-7.33 (m, 5H), 7.11 (t, J = 7.2 Hz, 1H), 7.00 (p, J = 7.2 Hz, 4H), 

6.78 (dd, J = 17.4, 10.8 Hz, 1H), 6.01 (s, 1H), 5.84 (d, J = 18.0 Hz, 1H), 5.33 (d, J = 

10.8 Hz, 1H), 4.52 (s, 1H), 4.34 (s, 1H), 4.08 (s, 5H), 4.07-4.05 (m, 1H), 3.68 (s, 1H), 

2.75 (s, 6H), 2.25 (d, J = 6.6 Hz, 1H), 2.12 (t, J = 10.8 Hz, 1H), 1.92 (d, J = 13.2 Hz, 

1H), 1.81 (t, J = 11.4 Hz, 1H), 1.50 (d, J = 13.8 Hz, 1H), 1.43 (d, J = 6.0 Hz, 4H), 1.13 

(q, J = 12.0 Hz, 1H), 1.02 (q, J = 13.2 Hz, 1H), 0.82 (q, J = 7.2 Hz, 1H), -0.46 (q, J = 

12.6 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 143.0, 140.0 (d, J = 11.1 Hz), 139.6, 

137.9 (d, J = 140.6 Hz), 136.3 (d, J = 9.0 Hz), 136.1, 135.8, 135.0 (d, J = 21.0 Hz), 

132.5 (d, J = 19.2 Hz), 129.3, 129.1, 128.2 (d, J = 6.3), 128.1, 128.0, 127.2, 126.7, 

114.5, 97.8 (d, J = 23.1 Hz), 74.0 (d , J = 6.0 Hz), 71.2 (d, J = 4.2 Hz), 69.7, 69.2 (d, J 

= 3.8 Hz), 69.1, 57.8, 56.8, 46.0 (d, J = 10.0 Hz), 32.3, 29.6, 24.8, 23.9, 23.5, 19.7. 31P 

NMR (162 MHz, CDCl3) δ −24.71 (s). HRMS (ESI) calcd for C46H50FeN2O2PS [M + 

H]+ : 781.2675, found: 781.2672.

vinyl-f-diaphos L4

Fe

NH

PPh2

HN S
O

O
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Orange solid, 2.69 g, 68% yield, m.p. 160-161 oC. [α]D
20 = -143.6 (c = 0.5, CHCl3). 

1H NMR (600 MHz, CDCl3) δ 7.60 (J = 7.8 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.47 (td, 

J = 7.8, 1.8 Hz, 2H), 7.37-7.32 (m, 5H), 7.12-7.09 (m, 1H), 7.03-6.98 (m, 4H), 6.78 

(dd, J = 17.4, 10.8 Hz, 1H), 6.00 (s, 1H), 5.84 (d, J = 17.4 Hz, 1H), 5.32 (d, J = 10.8 

Hz, 1H), 4.53 (s, 1H), 4.34 (s, 1H), 4.08 (s, 1H), 4.07-4.05 (m, 1H), 3.69 (s, 1H), 2.75 

(s, 6H), 2.26 (d, J = 12.6 Hz, 1H), 2.12 (t, J = 10.8 Hz, 1H), 1.92 (dd, J = 15.0, 4.2 Hz, 

1H), 1.84-1.80 (m, 1H), 1.52 (d, J = 13.8 Hz, 1H), 1.44 (d, J = 6.0 Hz, 4H), 1.17-1.10 

(m, 1H), 1.05-0.97 (m, 1H), 0.86-0.78 (m, 1H), -0.44 (q, J = 12.6 Hz, 1H). 13C NMR 

(150 MHz, CDCl3) δ 143.0, 140.0 (d, J = 11.0 Hz), 139.6, 138.4, 137.5, 136.4 (d, J = 

9.2 Hz), 136.2, 135.8, 134.9 (d, J = 21.0 Hz), 132.5 (d, J = 19.2 Hz), 129.3, 129.1, 128.2 

(d, J = 6.6 Hz), 128.1, 128.0, 127.2, 126.7, 114.5, 97.8 (d, J = 23.0 Hz), 74.0 (d, J = 6.2 

Hz), 71.2 (d, J = 4.0 Hz), 69.7, 69.2 (d, J = 3.8 Hz), 69.1, 57.8, 56.8, 46.0 (d, J = 9.8 

Hz), 32.3, 29.6, 24.8, 24.0, 23.5, 19.7. 31P NMR (162 MHz, CDCl3) δ −24.73 (s). HRMS 

(ESI) calcd for C46H50FeN2O2PS [M + H]+ : 781.2675, found: 781.2674.

(R)-phenyl(pyridin-2-yl)methanol [(R)-2a]

N
OH

White solid, 99% yield, 368.2 mg, >99% ee. [α]D
20 = -1.6 (c = 0.5, EtOH), [lit.7 

[α]20
D = -1.2 (c = 0.5, EtOH), >99% ee (R)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 0.8 mL/min; UV 

detection at 210 nm; tR (R) = 14.13 min (major), tR (S) = 17.97 min (minor). 1H-NMR 

(400 MHz, CDCl3) δ 7.60 (t, J = 7.6 Hz, 1H), 7.42 (d, J = 6.8 Hz, 2H), 7.35 (t, J = 7.6 

Hz, 2H), 7.31-7.27 (m, 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.19-7.15 (m, 1H), 5.78 (s, 1H), 

5.51 (br s, 1H). 13C NMR (100 MHz, CDCl3) δ 161.2, 147.9, 143.3, 136.9, 128.5, 127.8, 

127.0, 122.4, 121.3, 75.1. HRMS (ESI) calcd for C12H12NO [M+H]+ : 186.0913, found: 

186.0911.

(S)-phenyl(pyridin-2-yl)methanol [(S)-2a]

N
OH
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White solid, 99% yield, 366.6 mg, >99% ee. [α]D
20 = +2.1 (c = 0.5, EtOH), [lit.7 

[α]20
D = +2.0 (c = 0.5, EtOH), >99% ee (S)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 0.8 mL/min; UV 

detection at 210 nm; tR (R) = 14.10 min (minor), tR (R) = 18.50 min (major). Spectral 

data were in agreement with those of the enantiomer reported above.

(R)-pyridin-2-yl(o-tolyl)methanol [(R)-2b]

N
OH

White solid, 99% yield, 393.6 mg, >99% ee. [α]D
20 = +54.1 (c = 0.5, EtOH), [lit.7 

[α]20
D = +56.4 (c = 0.5, EtOH), >99% ee (R)].. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR (S) = 13.19 min (minor), tR (R) = 17.30 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 8.54 (d, J = 4.0 Hz, 1H), 7.59 (td, J = 7.2, 1.6 Hz, 1H), 7.28 (d, J 

= 6.8 Hz, 1H), 7.21-7.15 (m, 4H), 7.05 (d, 7.6 Hz, 1H), 5.98 (s, 1H), 5.36 (br s, 1H), 

2.33 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 161.6, 148.3, 141.2, 137.4, 136.7, 131.3, 

128.5, 128.3, 126.6, 122.8, 121.7, 73.4, 20.0. HRMS (ESI) calcd for C13H14NO [M+H]+ 

: 200.1070, found: 200.1074.

(R)-pyridin-2-yl(m-tolyl)methanol [(R)-2c]

N
OH

White solid, 98% yield, 396.1 mg, >99% ee. [α]D
20 = +4.2 (c = 0.5, EtOH), [lit.7 

[α]20
D = +3.3 (c = 0.5, EtOH), >99% ee (R)].. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR (S) = 14.85 min (minor), tR (R) = 21.41 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 8.58 (d, J = 5.2 Hz, 1H) 7.64 (td, J = 8.0, 2.0 Hz, 1H), 7.29-7.19 

(m, 5H), 7.12 (d, J = 7.2 Hz, 1H), 5.76 (s, 1H), 5.40 (br s, 1H), 2.36 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 161.2, 147.9, 143.2, 138.3, 136.9, 128.6, 128.5, 127.7, 124.2, 
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124.4, 121.4, 75.1, 21.5. HRMS (ESI) calcd for C13H14NO [M+H]+ : 200.1070, found: 

200.1077.

(R)-pyridin-2-yl(p-tolyl)methanol [(R)-2d]

N
OH

White solid, 98% yield, 388.9 mg, >99% ee. [α]D
20 = +6.7 (c = 0.5, EtOH), [lit.7 

[i]20
D = +5.9 (c = 0.5, EtOH), >99% ee (R)].. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR (S) = 15.77 min (minor), tR (R) = 18.68 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 8.56 (d, J = 5.2 Hz, 1H), 7.60 (td, J = 7.6, 1.6 Hz, 1H), 7.26 (d, J 

= 8 Hz, 2H), 7.20-7.13 (m, 4H), 5.72 (s, 1H), 5.22 (br s, 1H), 2.33 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 161.2, 147.9, 140.4, 137.6, 136.9, 129.4, 127.1, 122.5, 121.4, 74.9, 

21.3. HRMS (ESI) calcd for C13H14NO [M+H]+ : 200.1070, found: 200.1071.

(R)-pyridin-2-yl(4-(trifluoromethyl)phenyl)methanol [(R)-2e]

N
OH

CF3

Colorless oil, 97% yield, 491.4 mg, 99% ee. [α]D
20 = -7.8 (c = 0.5, EtOH), [lit.7 

[α]20
D = -6.3 (c = 0.5, EtOH), 96% ee (R)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR (S) = 12.07 min (minor), tR (R) = 15.62 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 8.55 (d, J = 4.4 Hz, 1H), 7.64 (td, J = 7.6, 1.6 Hz, 1H), 7.58 (d, J 

= 8 Hz, 2H), 7.51 (d, J = 8 Hz, 2H), 7.22-7.19 (m, 1H), 7.16 (d, J = 8 Hz, 1H), 5.81 (s, 

1H), 5.46 (br s, 1H). 13C NMR (100 MHz, CDCl3) δ 160.2, 148.2, 147.3, 137.2, 130.0 

(q, J = 32.4 Hz), 127.4, 125.6 (q, J = 3.8 Hz), 124.2 (q, J = 270 Hz), 122.9, 121.4, 74.6. 

HRMS (ESI) calcd for C13H11F3NO [M+H]+ : 254.0787, found: 254.0789.
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(R)-(4-chlorophenyl)(pyridin-2-yl)methanol [(R)-2f]

N
OH

Cl

White solid, 98% yield, 433.5.1 mg, >99% ee. [α]D
20 = -1.2 (c = 0.5, EtOH), [lit.7 

[α]20
D = -0.8 (c = 0.5, EtOH), >99% ee (R)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR (S) = 11.31 min (minor), tR (R) = 14.94 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 8.53 (d, J = 4.8 Hz, 1H), 7.62 (td, J = 7.6, 1.6 Hz, 1H), 7.32-7.27 

(m, 4H), 7.18 (d, J = 7.6, 5.2 Hz, 1H), 7.14 (d, J = 8.0 Hz, 1H), 5.72 (s, 1H), 5.40 (br s, 

1H). 13C NMR (100 MHz, CDCl3) δ 160.6, 148.1, 141.8, 137.1, 133.7, 128.8, 128.5, 

122.7, 121.3, 74.5. HRMS (ESI) calcd for C12H11ClNO [M+H]+ : 220.0524, found: 

220.0526.

(S)-(4-chlorophenyl)(pyridin-2-yl)methanol [(S)-2f]

N

OH

Cl

White solid, 99% yield, 435.4 mg, 99.6% ee. [α]D
20 = +7.5 (c = 0.5, EtOH), [lit.7 

[α]20
D = +7.7 (c = 0.5, EtOH), >99% ee (S)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 0.8 mL/min; UV 

detection at 210 nm; tR (S) = 11.20 min (major), tR (R) = 14.98 min (minor). Spectral 

data were in agreement with those of the enantiomer reported above.

(R)-(3,5-dimethylphenyl)(pyridin-2-yl)methanol [(R)-2g]

N
OH

White solid, 97% yield, 413.6 mg, >99% ee. [α]D
20 = +3.2 (c = 0.5, EtOH), [lit.7 

[α]20
D = +3.6 (c = 0.5, EtOH), >99% ee (R)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 
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detection at 210 nm; tR (S) = 10.63 min (minor), tR (R) = 16.58 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 8.55 (d, J = 4.8 Hz, 1H), 7.61 (td, J = 7.6, 1.6 Hz, 1H), 7.18 (t, J 

= 8.0 Hz, 2H), 7.00 (s, 2H), 6.92 (s, 1H), 5.69 (s, 1H), 5.31 (br s, 1H), 2.30 (s, 6H). 13C 

NMR (100 MHz, CDCl3) δ 161.2, 147.8, 143.2, 138.2, 136.9, 129.6, 124.9, 122.4, 

121.4, 75.1, 21.4. HRMS (ESI) calcd for C14H16NO [M+H]+ : 214.1226, found: 

214.1222.

(+)-(3-methylpyridin-2-yl)(phenyl)methanol [(+)-2h]

N
OH

*

colorless oil, 94% yield, 374.5 mg, >99% ee. [α]D
20 = +0.8 (c = 0.5, EtOH), [lit.7 

[α]20
D = +0.5 (c = 0.5, EtOH), >99% ee ]. The ee was determined by HPLC on Chiralpak 

AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV detection at 214 

nm; tR = 15.04 min (minor), tR = 18.13 min (major). 1H-NMR (400 MHz, CDCl3) δ 

8.48 (d, J = 4.4 Hz, 1H), 7.44 (dt, J = 7.6, 0.8 Hz, 1H), 7.33-7.23 (m, 5H), 7.18 (dd, J 

= 8, 5.2 Hz, 1H), 5.76 (s, 1H), 2.09 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 157.9, 

145.0, 142.4, 138.6, 130.5, 128.5, 127.8, 127.7, 122.7, 72.6, 17.9. HRMS (ESI) calcd 

for C16H14NO [M+H]+ : 200.1070, found: 200.1073.

(+)-(3-fluoropyridin-2-yl)(phenyl)methanol[(+)-2i]

N

OH

F
*

White solid, 95% yield, 386.7 mg, >99% ee. [α]D
20 = +4.1 (c = 0.5, EtOH), [lit.7 

[α]20
D = +4.4 (c = 0.5, EtOH), >99% ee ]. The ee was determined by HPLC on Chiralpak 

AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV detection at 214 

nm; tR = 17.05 min (minor), tR = 20.25 min (major). 1H-NMR (400 MHz, CDCl3) δ 

8.42 (d, J = 4.4 Hz, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.37-7.33 (m, 3H), 7.31-7.23 (m, 

2H), 6.05 (s, 1H), 5.38 (br s, 1H). 13C NMR (100 MHz, CDCl3) δ 156.2 (d, J = 256.0 

http://www.baidu.com/link?url=szCWFjXJmq3csrS3t53TtFnxdbuUunDVCUBSCcPqmOyNZTsQSgm-WyAb_IsAZNemzRqV0VESGSIyLkONouPndsLVStf9zBB-LA9U_JbHv7S


S27

Hz), 149.1 (d, J = 16.3 Hz), 144.0 (d, J = 5.1 Hz), 142.2, 128.2, 127.9, 126.8 (d, J = 1.6 

Hz), 124.1 (d, J = 3.6 Hz), 123.6 (d, J = 18.1 Hz), 70.2 (d, J = 2.6 Hz). HRMS (ESI) 

calcd for C12H11FNO [M+H]+ : 204.0819, found: 204.0814.

(R)-(3-fluoropyridin-2-yl)(phenyl)methanol[(R)-2j]

N

OH

White solid, 99% yield, 393.3 mg, >99% ee. [α]D
20 = +44.1 (c = 0.5, EtOH), [lit.7 

[α]20
D = +42.0 (c = 0.5, EtOH), >99% ee ]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR (S)= 17.16 min (minor), tR (R)= 26.06 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 8.42 (d, J = 4.8 Hz, 1H), 7.41 (dd, J = 8.8, 2.0 Hz, 2H), 7.38-7.34 

(m, 2H), 7.32-7.28 (m, 1H), 7.02 (d, J = 4.8 Hz, 1H), 7.00 (s, 1H), 5.74 (s, 1H), 5.46 

(br s, 1H), 2.30 (s, 3H). 13C NMR (100 MHz, CDCl3) δ160.9, 148.2, 147.6, 143.5, 

128.6, 127.8, 127.1, 123.6, 122.1, 75.0, 75.0, 21.2. HRMS (ESI) calcd for C13H14NO 

[M+H]+ : 200.1070, found: 200.1065.

(+)-(4-methoxypyridin-2-yl)(phenyl)methanol [(+)-2k]

N

OH

OMe

*

White solid, 99% yield, 426.6 mg, 99.3% ee. [α]D
20 = +5.2 (c = 0.5, EtOH), [lit.7 

[α]20
D = +5.8 (c = 0.5, EtOH), >99% ee ]. The ee was determined by HPLC on Chiralpak 

AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV detection at 210 

nm; tR = 20.66 min (minor), tR = 37.00 min (major). 1H-NMR (600 MHz, CDCl3) δ 

8.35 (d, J = 5.4 Hz, 1H), 7.41 (d, J = 7.2 Hz, 2H), 7.35 (t, J = 7.8 Hz, 2H), 7.28 (t, J = 

7.2 Hz, 1H), 6.72-6.71 (m, 2H), 5.72 (s, 1H), 5.44 (br s, 1H), 3.77 (s, 3H). 13C NMR 

(150 MHz, CDCl3) δ 166.4, 163.2, 149.2, 143.3, 128.6, 127.8, 127.0, 109.1, 106.8, 75.2, 
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55.2. HRMS (ESI) calcd for C13H14NO [M+H]+ : 216.1019, found: 216.1011.

(+)-(5-methylpyridin-2-yl)(phenyl)methanol [(+)-2i]

N

OH

*

White solid, 99% yield, 395.0 mg, >99% ee. [α]D
20 = +19.6 (c = 0.5, EtOH). The 

ee was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 92:8; 

flow rate = 1 mL/min; UV detection at 210 nm; tR = 15.94 min (minor), tR = 19.61 min 

(major). 1H-NMR (400 MHz, CDCl3) δ 8.37 (s, 1H), 7.44-7.40 (m, 3H), 7.37-7.33 (m, 

2H), 7.28 (tt, J = 6.8, 1.6 Hz, 1H), 7.09 (d, J = 8.0 Hz, 1H), 5.76 (s, 1H), 5.46 (br s, 

1H), 2.32 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 158.4, 148.1, 143.5, 137.6, 131.9, 

128.5, 127.7, 127.0, 120.8, 74.9, 18.1. HRMS (ESI) calcd for C13H14NO [M+H]+ : 

200.1070, found: 200.1066.

(-)-(5-methylpyridin-2-yl)(phenyl)methanol [(-)-2m]

N

OH

*

White solid, 99% yield, 395.7 mg, 99% ee. [α]D
20 = -20.4 (c = 0.5, EtOH), [lit.7 

[α]20
D = -25.2 (c = 0.5, EtOH), >99% ee ]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR = 9.23 min (minor), tR = 10.57 min (major). 1H-NMR (400 

MHz, CDCl3) δ 7.51 (t, J = 7.6 Hz, 1H), 7.41-7.34 (m, 4H), 7.31-7.28 (m, 1H), 7.06 (d, 

J = 7.6 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 5.72 (s, 2H), 2.61 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 159.9, 156.8, 143.5, 137.2, 128.6, 127.8, 127.2, 121.9, 118.4, 74.7, 

24.3. HRMS (ESI) calcd for C13H14NO [M+H]+ : 200.1070, found: 200.1068.

(+)-naphthalen-2-yl(pyridin-2-yl)methanol [(+)-2h]
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N
OH

*

White solid, 99% yield, 463.7 mg, >99% ee. [α]D
20 = +1.6 (c = 0.5, EtOH), [lit.7 

[α]20
D = +1.3 (c = 0.5, EtOH), >99% ee (R)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR (S) = 24.61 min (minor), tR (R) = 32.73 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 8.58 (dd, J = 5.2, 2.0 Hz, 1H), 7.90 (s, 1H), 7.86-7.79 (m, 3H), 

7.58 (td, J = 7.6, 2.0 Hz, 1H), 7.51-7.43 (m, 3H), 7.19-7.17 (m, 2H), 5.93 (s, 1H), 5.53 

(br s, 1H). 13C NMR (100 MHz, CDCl3) δ 160.9, 147.9, 140.6, 137.0, 133.4, 133.2, 

128.6, 128.1, 127.8, 126.3, 126.2, 126.1, 124.9, 122.6, 121.6, 75.3. HRMS (ESI) calcd 

for C16H14NO [M+H]+ : 236.1070, found: 236.1069.

(+)-phenyl(quinolin-2-yl)methanol [(+)-2o]

N

OH

*

White solid, 94% yield, 442.8 mg, 95.4% ee. [α]D
20 = +5.2 (c = 0.5, EtOH). The ee 

was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 92:8; 

flow rate = 1 mL/min; UV detection at 210 nm; tR (S) = 22.55 min (minor), tR (R) = 

24.09 min (major). 1H-NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.4 Hz, 1H), 8.04 (d, J 

= 8.4 Hz, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.78-7.74 (m, 1H), 7.57-7.53 (m, 1H), 7.44-

7.42 (m, 2H), 7.37-7.33 (m, 2H), 7.29 (tt, J = 6.8, 3.2 Hz, 1H), 7.19 (d, J = 8.4 Hz, 1H), 

6.11 (br s, 1H), 5.89 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 160.6, 146.1, 142.9, 137.1, 

130.0, 128.9, 128.7, 128.1, 127.7, 127.6, 127.6, 126.7, 119.4, 75.3. HRMS (ESI) calcd 

for C16H14NO [M+H]+ : 236.1070, found: 236.1072.

(R)-1-phenylethan-1-ol [(R)-4a]
OH

Colorless oil, 99% yield, 242.2 mg, 97.8% ee. [α]D
20 = +74.5 (c = 0.5, CHCl3), [lit.1 
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[α]20
D = +65.3 (c = 0.5, CHCl3), 95.4% ee (R)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 95:5; flow rate = 0.5 mL/min; UV 

detection at 214 nm; tR (S) = 21.46 min (minor), tR (R) = 24.91 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 7.41-7.36 (m, 4H), 7.32-7.28 (m, 1H), 4.90 (q, J = 6.4 Hz, 1H), 

2.15 (br s, 1H), 1.52 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 145.9, 128.6, 

127.6, 125.5, 70.5, 25.2. HRMS (ESI) calcd for C8H11O [M+H]+ : 123.0804, found: 

123.0801.

(R)-1-phenylbutan-1-ol [(R)-4b]
OH

White solid, 99% yield, 297.8 mg, 97.3% ee. [α]D
20 = +24.1 (c = 0.5, CHCl3), [lit.1 

[α]20
D = -33.2 (c = 0.5, CHCl3), 98.5% ee (S)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 97:3; flow rate = 0.8 mL/min; UV 

detection at 214 nm; tR (R) = 16.54 min (major), tR (S) = 18.69 min (minor). 1H-NMR 

(400 MHz, CDCl3) δ 7.40-7.33 (m, 4H), 7.32-7.28 (m, 1H), 4.68 (t, J = 6.4 Hz, 1H), 

2.20 (br s, 1H), 1.86-1.77 (m, 1H), 1.74-1.65 (m, 1H), 1.49-1.41 (m, 1H), 1.35-1.30 (m, 

1H), 0.96 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 145.0, 128.5, 127.5, 126.0, 

74.5, 41.3, 19.1, 14.1. HRMS (ESI) calcd for C10H15O [M+H]+ : 151.1117, found: 

151.1115.

(R)-1-(m-tolyl)ethan-1-ol [(R)-4c]
OH

Colorless oil, 99% yield, 270.4 mg, 98.2% ee. [α]D
20 = +49.1 (c = 0.5, CHCl3), [lit.1 

[α]20
D = -36.0 (c = 0.5, CHCl3), 98.8% ee (S)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 95:5; flow rate = 0.8 mL/min; UV 

detection at 214 nm; tR (S) = 16.24 min (minor), tR (R) = 17.45 min (major). 1H-NMR 
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(400 MHz, CDCl3) δ 7.28, (t, J = 7.6 Hz, 1H), 7.20 (t, J = 7.6 Hz, 2H), 7.13 (d, J = 7.6 

Hz, 1H), 4.86 (q, J = 6.4 Hz, 1H), 2.44 (d, J = 3.2 Hz, 1H), 2.41 (s, 3H), 1.51 (d, J = 

6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 145.9, 138.1, 128.4, 128.2, 126.2, 122.5, 

70.4, 25.1, 21.5. HRMS (ESI) calcd for C9H13O [M+H]+ : 137.0961 found: 137.0966.

(R)-1-(p-tolyl)ethan-1-ol [(R)-4d]
OH

Colorless oil, 99% yield, 271.2 mg, 98.1% ee. [α]D
20 = +33.5 (c = 0.5, CHCl3), [lit.1 

[α]20
D = -27.6 (c = 0.5, CHCl3), 97.9% ee (S)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 95:5; flow rate = 0.8 mL/min; UV 

detection at 214 nm; tR (S) = 18.95 min (minor), tR (R) = 22.32 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 7.29 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 7.6 Hz, 2H), 4.89 (q, J = 6.4 

Hz, 1H), 2.37 (s, 3H), 1.91 (br s, 1H), 1.51 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 143.0, 137.3, 129.3, 125.5, 70.4, 25.2, 21.2. HRMS (ESI) calcd for C9H13O 

[M+H]+ : 137.0961 found: 137.0965.

(R)-1-(4-methoxyphenyl)ethan-1-ol [(R)-4e]
OH

MeO

Colorless oil, 99% yield, 301.4 mg, 97.6% ee. [α]D
20 = +46.4 (c = 0.5, CHCl3), [lit.1 

[α]20
D = -51.6 (c = 0.5, CHCl3), 97.7% ee (S)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 98:2; flow rate = 0.8 mL/min; UV 

detection at 214 nm; tR (R) = 29.89 min (major), tR (S) = 32.86 min (minor). 1H-NMR 

(400 MHz, CDCl3) δ 7.28 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H), 4.82 (q, J = 6.4 

Hz, 1H), 3.79 (s, 3H), 2.24 (br s, 1H), 1.46 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 159.0, 138.1, 126.8, 113.9, 70.0, 55.4, 25.1. HRMS (ESI) calcd for C9H13O2 

[M+H]+ : 153.0910 found: 153.0911.
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(R)-1-(4-fluorophenyl)ethan-1-ol [(R)-4f]
OH

F

Colorless oil, 99% yield, 277.4 mg, 98.1% ee. [α]D
20 = +38.7 (c = 0.5, CHCl3), [lit.1 

[α]20
D = -29.6 (c = 0.5, CHCl3), 95.8% ee (S)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 98:2; flow rate = 0.8 mL/min; UV 

detection at 214 nm; tR (S) = 35.22 min (minor), tR (R) = 38.06 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 7.30 (dd, J = 8.4, 5.2 Hz, 2H), 7.02 (t, J = 8.8 Hz, 2H), 4.82 (q, J 

= 6.4 Hz, 1H), 2.85-2.78 (m, 1H), 1.44 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ 162.1 (d, J = 243.4 Hz), 141.6 (d, J = 3.1 Hz), 127.2 (d, J = 7.8 Hz), 115.2 (d, J = 

21.2 Hz), 69.7, 25.2. HRMS (ESI) calcd for C8H10OF [M+H]+ : 141.0710 found: 

141.0708.

(R)-1-(4-chlorophenyl)ethan-1-ol [(R)-4g]
OH

Cl

Colorless oil, 99% yield, 310.0 mg, 96.7% ee. [α]D
20 = +5.0 (c = 0.5, CHCl3), 

[lit.1[α]20
D = -5.2 (c = 0.5, CHCl3), 97.0% ee (S)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 98:2; flow rate = 0.8 mL/min; UV 

detection at 214 nm; tR (S) = 34.56 min (minor), tR (R) = 38.91 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 7.33-7.28 (m, 4H), 4.86 (q, J = 6.4 Hz, 1H), 2.33 (br s, 1H), 1.46 

(d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 144.3, 133.0, 128.6, 126.8, 69.7, 

25.3. HRMS (ESI) calcd for C8H10ClO [M+H]+ : 157.0415 found: 157.0411.

(R)-1-(9H-fluoren-2-yl)ethan-1-ol [(R)-4h]
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OH

White solid, 99% yield, 416.4 mg, 97.5% ee. [α]D
20 = +19.7 (c = 0.5, CHCl3), [lit.1 

[α]20
D = -33.2 (c = 0.5, CHCl3), 99.4% ee (S)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 95:5; flow rate = 0.8 mL/min; UV 

detection at 214 nm; tR (S) = 18.21 min (minor), tR (R) = 21.06 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 7.78 (d, J = 7.6 Hz, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.55 (d, J = 8.4 

Hz, 2H), 7.41-7.36 (m, 2H), 7.32 (td, J = 7.6, 1.2 Hz, 1H), 4.96 (q, J = 6.4 Hz, 1H), 

3.88 (s, 2H), 2.12 (br s, 1H), 1.56 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ144.6, 143.7, 143.5, 141.5, 141.2, 126.8, 126.7, 125.1, 124.3, 122.2, 119.9, 119.9, 

70.7, 37.0, 25.4. HRMS (ESI) calcd for C15H15O [M+H]+ : 211.1117 found: 211.1114.

(R)-2,3-dihydro-1H-inden-1-ol [(R)-4i]
OH

White solid, 99% yield, 268.8 mg, 95.0% ee. [α]D
20 = -14.2 (c = 0.5, CHCl3), [lit.8 

[α]20
D = -33.0 (c = 0.85, CHCl3), >99% ee (R)]. The ee was determined by HPLC on 

Chiralpak OJ-H column, hexane: isopropanol = 95:5; flow rate = 0.8 mL/min; UV 

detection at 214 nm; tR (S) = 19.31 min (minor), tR (R) = 22.44 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 7.45-7.43 (m, 1H), 7.28-7.24 (m, 3H), 5.28-5.25 (t, J = 6.0 Hz, 

1H), 3.12-3.04 (m, 1H), 2.88-2.81 (m, 1H), 2.55-2.47 (m, 1H), 2.02-1.92 (m, 2H). 13C 

NMR (100 MHz, CDCl3) δ 145.1, 143.4, 128.4, 126.8, 125.0, 124.3, 76.5, 36.0, 29.9. 

HRMS (ESI) calcd for C9H11O [M+H]+ : 135.0804 found: 135.0802.

(S)-1-(5-fluoro-2-iodophenyl)ethan-1-ol [(S)-4j]
I

F

OH

White solid, 98% yield, 521.4 mg, 95.0% ee. [α]D
20 = +33.9 (c = 0.5, CHCl3). The 
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ee was determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 95:5; 

flow rate = 0.8 mL/min; UV detection at 214 nm; tR (R) = 25.93 min (minor), tR (S) = 

28.090 min (major). 1H-NMR (400 MHz, CDCl3) δ 7.73-7.69 (m, 1H), 7.31-7.27 (m, 

1H), 6.75-6.70 (m, 1H), 4.98 (p, J = 5.6 Hz, 1H), 2.57-2.33 (m, 1H), 1.43-1.40 (m, 3H). 

13C NMR (100 MHz, CDCl3) δ 163.6 (d, J = 246.3 Hz), 150.1 (d, J = 6.5 Hz), 140.4 

(d, J = 7.6 Hz), 116.6 (d, J = 21.9 Hz), 113.9 (d, J = 23.3 Hz), 89.4 (d, J = 5 Hz), 75.5, 

23.8. HRMS (ESI) calcd for C8H9FIO [M+H]+ : 266.9677 found: 266.9679.

Methyl-(S,E)-2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-

hydroxypropyl)benzoate [(S)-4k]

NCl

OH COOMe

Pale yellow solid, 93% yield, 851.8 mg, 95.0% ee. [α]D
20 = -7.1 (c = 0.5, CHCl3). 

The ee was determined by HPLC on Chiralpak AD-H column, hexane: isopropanol = 

75:25; flow rate = 0.5 mL/min; UV detection at 210 nm; tR (R) = 14.85 min (minor), tR 

(S) = 15.99 min (major). 1H-NMR (400 MHz, CDCl3) δ 8.10 (d, J = 5.6 Hz, 2H), 7.90 

(d, J = 7.6 Hz, 1H), 7.72-7.62 (m, 4H), 7.52 (dd, J = 6.8, 1.6 Hz, 1H), 7.47-7.41 (m, 

3H), 7.36 (t, J = 8.0 Hz, 2H), 7.27 (t, J = 7.2 Hz, 2H), 4.75 (t, J = 6.8 Hz, 1H), 3.89 (s, 

3H), 3.13 (q, J = 8.0 Hz, 2H), 2.11 (m, 2H), 1.92 (br s, 1H). 13C NMR (100 MHz, 

CDCl3) δ 168.4, 163.0, 148.3, 145.0, 144.0, 141.4, 136.1, 153.3, 132.3, 131.2, 130.9, 

129.3, 128.8, 128.5, 127.9, 127.5, 126.9, 126.1, 126.1125.2, 123.7, 121.9, 73.4, 52.2, 

41.3, 40.8, 35.8, 30.5. HRMS (ESI) calcd for C28H25ClNO3 [M+H]+ : 458.1415 found: 

458.1418. b

(R)-3-hydroxy-N,N-dimethyl-3-phenylpropanamide [(R)-4l]
OH

N

O

Colorless oil, 99% yield, 378.8 mg, 99% ee. [α]D
20 = +65.1 (c = 0.5, CHCl3), [lit.9 



S35

[α]20
D = +96.2 (c = 0.76, CHCl3), 99% ee (R)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR (R) = 17.66 min (major), tR (S) = 19.21 min (minor). 1H-NMR 

(600 MHz, CDCl3) δ 7.40 (d, J = 7.8 Hz, 2H), 7.36 (t, J = 7.8 Hz, 2H), 7.28 (t, J = 7.2 

Hz, 1H), 5.14 (dd, J = 9.6, 3.0 Hz, 1H), 4.82 (br s, 1H), 2.98 (s, 3H), 2.93 (s, 3H), 2.71-

2.60 (m, 2H). 13C NMR (150 MHz, CDCl3) δ 172.3, 143.2, 128.5, 127.5, 125.8, 70.4, 

41.9, 37.1, 35.3. HRMS (ESI) calcd for C11H16NO2 [M+H]+ : 194.1176 found: 

194.1177.

(R)-N,N-diethyl-3-hydroxy-3-phenylpropanamide [(R)-4m]
OH

N

O

Colorless oil, 99% yield, 438.2 mg, >99% ee. [α]D
20 = +78.1 (c = 0.5, CHCl3), [lit.9 

[α]20
D = +98.5 (c = 0.64, CHCl3), 98% ee (R)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 92:8; flow rate = 1 mL/min; UV 

detection at 210 nm; tR (R) = 14.51 min (major), tR (S) = 16.36 min (minor). 1H-NMR 

(400 MHz, CDCl3) δ 7.39 (d, J = 8.0 Hz, 2H), 7.34 (td, J = 7.2, 1.6 Hz, 2H), 7.26 (td, J 

= 7.2, 1.6 Hz, 1H), 5.12 (dt, J = 5.6, 2.8 Hz, 1H), 5.08 (d, J = 2.4 Hz, 1H), 3.46-3.31 

(m, 2H), 3.26-3.15 (m, 2H), 2.70-2.56 (m, 2H), 1.14-1.08 (m, 6H). 13C NMR (100 

MHz, CDCl3) δ 171.4, 143.2, 128.4, 127.4, 125.7, 70.5, 41.9, 41.5, 40.2, 14.0, 12.9. 

HRMS (ESI) calcd for C13H20NO2 [M+H]+ : 222.1489 found: 222.1485.

(R)-N,N-diethyl-3-hydroxy-3-phenylpropanamide [(R)-4n]

 

OH

O

O

Colorless oil, 99% yield, 381.0 mg, 98.6% ee. [α]D
20 = +16.7 (c = 0.5, CHCl3), [lit.9 

[α]20
D = +48.4 (c = 1.88, CHCl3), 99% ee (R)]. The ee was determined by HPLC on 

Chiralpak OD-H column, hexane: isopropanol = 94:6; flow rate = 1 mL/min; UV 
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detection at 214 nm; tR (S) = 12.68 min (minor), tR (R) = 18.60 min (major). 1H-NMR 

(600 MHz, CDCl3) δ 7.38 (q, J = 6.6 Hz, 3H), 7.32-7.28 (m, 1H), 5.16 (d, J = 9.0 Hz, 

1H), 4.20 (q, J = 7.2 Hz, 2H), 3.33 (br s, 1H), 2.80-2.71 (m, 2H), 1.28 (t, J = 6.6 Hz, 

3H). 13C NMR (150 MHz, CDCl3) δ 172.5, 142.7, 128.7, 127.9, 125.8, 61.0, 43.5, 14.3. 

HRMS (ESI) calcd for C11H15O3 [M+H]+ : 195.1016 found: 195.1011.

Ethyl-(R)-3-([1,1'-biphenyl]-4-yl)-3-hydroxypropanoate [(R)-4o]
OH

O

O

Ph

White solid, 99% yield, 535.7 mg, 98.0% ee. [α]D
20 = +16.1 (c = 0.5, CHCl3), [lit.9 

[α]20
D = +32.9 (c = 0.95, CHCl3), >99% ee (R)]. The ee was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 94:6; flow rate = 1 mL/min; UV 

detection at 254 nm; tR (S) = 20.47 min (minor), tR (R) = 23.16 min (major). 1H-NMR 

(600 MHz, CDCl3) δ 7.60 (d, J = 7.8 Hz, 4H), 7.47-7.40 (m, 4H), 7.36 (t, J = 7.2 Hz, 

1H), 5.21-5.18 (m, 1H), 4.20 (q, J = 6.6 Hz, 2H), 3.48 (d, J = 3.6 Hz, 1H), 2.84-2.74 

(m, 2H), 1.29 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 172.4, 141.7, 140.8, 

140.7, 128.8, 127.4, 127.3, 127.1, 126.2, 70.2, 60.9, 43.4, 14.2. HRMS (ESI) calcd for 

C17H19O3 [M+H]+ : 271.1329 found: 271.1327.

Ethyl-(R)-3-hydroxy-3-(thiophen-2-yl)propanoate [(R)-4p]
OH

O

O

S

Green liquid, 98% yield, 408.2 mg, 98.4% ee. [α]D
20 = +11.9 (c = 0.5, CHCl3), [lit.9 

[α]20
D = +25.4 (c = 0.95, CHCl3), >99% ee (R)]. The ee was determined by HPLC on 

Chiralpak OD-H column, hexane: isopropanol = 94:6; flow rate = 1 mL/min; UV 

detection at 214 nm; tR (S) = 17.30 min (minor), tR (R) = 30.80 min (major). 1H-NMR 

(400 MHz, CDCl3) δ 7.24 (dd, J = 8.0, 4.4 Hz, 1H), 6.98-6.95 (m, 2H), 5.36 (dd, J = 

8.0, 3.6 Hz, 1H), 4.18 (q, J = 6.8 Hz, 2H), 3.54 (br s, 1H), 2.91-2.80 (m, 2H), 1.26 (t, J 
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= 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 172.1. 146.4, 126.8, 125.0, 123.7, 66.6, 

61.1, 43.3, 14.2. HRMS (ESI) calcd for C9H12O3S [M+H]+ : 201.0580 found: 201.0581.

(2S, 3S)-2-fluoro-3-hydroxy-N,N-dimethyl-3-phenylpropanamide 

[(2S, 3S)-6a]
OH

N

O

F

White solid, 94% yield, 397.1 mg, >99% ee, 94:6 dr. [α]D
20 = +351.5 (c = 0.1, 

CH2Cl2), [lit.10 [α]20
D = +372.0 (c = 0.1, CH2Cl2), >99% ee, 97:3 dr (2S, 3S)]. The ee 

and dr was determined by HPLC on Chiralpak ID-H column, hexane: isopropanol = 

90:10; flow rate = 1 mL/min; UV detection at 214 nm; tR1 = 26.84 min (major), tR2 = 

31.17 min (minor), tR3 = 34.89 min (minor), tR3 = 36.97 min (minor). 1H-NMR (600 

MHz, CDCl3) δ 7.44 (d, J = 7.8 Hz, 2H), 7.37 (t, J = 7.8 Hz, 2H), 7.32 (t, J = 7.2 Hz, 

1H), 5.13-5.10 (m, 1H), 4.97 (dd, J = 46.8, 7.8 Hz, 1H), 4.24 (d, J = 4.2 Hz), 2.98 (d, J 

= 1.2 Hz, 3H), 2.94 (d, J = 2.4 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 168.0 (d, J = 

19.6 Hz), 139.0 (d, J = 1.6 Hz), 128.5, 128.4, 127.0 (d, J = 0.9 Hz), 88.5 (d, J = 185.1 

Hz), 72.8 (d, J = 24.3 Hz), 36.9 (d, J = 5.8 Hz), 35.9. HRMS (ESI) calcd for 

C11H15FNO2 [M+H]+ : 212.1081 found: 212.1083.

(2R,3S)-ethyl-2-(benzamidomethyl)-3-hydroxy-3-

phenylpropanoate[(2R, 3S)-6b]

OH

O

O

NH

O

White solid, 94% yield, 614.9 mg, 99% ee, 99:1 dr. [α]D
20 = - 82.1 (c = 0.5, CHCl3), 

[lit.11 [α]20
D = -80.8 (c = 0.5, CHCl3), 99% ee, 99:1 dr (2R, 3S)]. The ee and dr was 

determined by HPLC on Chiralpak ID-H column, hexane: isopropanol = 90:10; flow 
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rate = 1 mL/min; UV detection at 214 nm; tR1 = 26.84 min (major), tR2 = 31.17 min 

(minor), tR3 = 34.89 min (minor), tR3 = 36.97 min (minor). 1H-NMR (400 MHz, CDCl3) 

δ 7.68 (d, J = 7.2 Hz, 2H), 7.46 (td, J = 7.2, 2.0 Hz, 1H), 7.37-7.23 (m, 7H), 7.11-7.06 

(m, 1H), 5.01 (t, J = 6.4 Hz, 1H), 4.25-4.18 (m, 1H), 4.06 (qd, J = 7.6, 2.4 Hz, 2H), 

3.60 (t, J = 6.4 Hz, 2H), 3.20 (q, J = 6.4 Hz, 1H), 1.10 (td, J = 6.8, 2.0 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ173.1, 167.8, 141.2, 133.9, 131.5, 128.5, 128.4, 127.9, 

126.9, 126.1, 73.2, 61.0, 52.1, 38.9, 14.0. HRMS (ESI) calcd for C19H22NO4 [M+H]+ : 

328.1543 found: 328.1544.

Ethyl-(2R,3S)-2-(benzamidomethyl)-3-(3-bromophenyl)-3-

hydroxypropanoate[(2R, 3S)-6c]

OH

O

O

NH

O

Br

White solid, 85% yield, 307.7 mg, 96.5% ee, 98:2 dr. [α]D
20 = -25.8 (c = 0.5, 

CHCl3), [lit.11 [α]20
D = -15.3 (c = 0.3, CHCl3), 99% ee, 99:1 dr (2R, 3S)]. The ee was 

determined by HPLC on Chiralpak IA-H column, hexane: isopropanol = 90:10; flow 

rate = 0.8 mL/min; UV detection at 214 nm; tR1 = 24.42 min (minor), tR2 = 25.63 min 

(minor), tR3 = 37.90 min (minor), tR3 = 44.06 min (major). 1H-NMR (400 MHz, CDCl3) 

δ 7.69 (d, J = 7.6 Hz, 2H), 7.49-7.44 (m , 2H), 7.36 (t, J = 7.2 Hz, 3H), 7.21 (d, J = 7.6 

Hz, 1H), 7.14 (t, J = 8.0 Hz, 1H), 7.06-7.01 (m, 1H), 4.98 (t, J = 5.2 Hz, 1H), 4.34-4.29 

(m, 1H), 4.12-3.99 (m, 2H), 3.74-3.56 (m, 2H), 3.16 (q, J = 6.4 Hz, 1H), 1.10 (t, J = 7.2 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 172.8, 168.1, 143.8, 139.9, 131.8, 130.9, 

130.0, 129.2, 128.6, 127.0, 124.8, 122.6, 72.3, 61.2, 52.0, 38.9, 14.0. HRMS (ESI) calcd 

for C19H21BrNO4 [M+H]+ : 406.0648 found: 406.0645.

Ethyl-(2R,3S)-2-((1,3-dioxoisoindolin-2-yl)methyl)-3-hydroxy-3-
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phenylpropanoate [(2R, 3S)-6d]

OH

O

O

N
O

O

White solid, 87% yield, 614.9 mg, >99% ee, 99:1 dr. [α]D
20 = -23.9 (c = 0.5, CHCl3), 

[lit.11 [α]20
D = -28.0 (c = 0.7, CHCl3), 99% ee, 98:2 dr (2R, 3S)]. The ee was determined 

by HPLC on Chiralpak IA-H column, hexane: isopropanol = 85:15; flow rate = 0.5 

mL/min; UV detection at 214 nm; tR1 = 28.10 min (minor), tR2 = 34.45 min (minor), tR3 

= 48.68 min (minor), tR3 = 53.81 min (major). 1H-NMR (400 MHz, CDCl3) δ 7.79-7.76 

(m, 2H), 7.69-7.66 (m, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.29 (td, J = 7.2, 1.6 Hz, 2H), 

7.20 (td, J = 7.2, 1.6 Hz, 1H), 4.92 (t, J = 6.4 Hz, 1H), 4.06-3.97 (m, 3H), 3.75-3.69 (m, 

1H), 3.51-3.47 (m,1H), 3.37-3.31 (m, 1H), 0.98 (t, J = 7.2 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ 172.5, 168.0, 140.9, 134.1, 131.8, 128.6, 128.1, 126.3, 123.3, 73.3, 

61.3, 50.8, 37.6, 13.8. HRMS (ESI) calcd for C10H20NO5 [M+H]+ : 354.1336 found: 

354.1333.



S40

7. NMR data characterizations of chiral products  

D1

1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3
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C2

1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3
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C3
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C4

1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3
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D2

1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3
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D3

1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3
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D4

1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl
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vinyl-f-diaphos L1

1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3
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31P NMR (162 MHz) in CDCl3
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vinyl-f-diaphos L2

1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3
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31P NMR (162 MHz) in CDCl3
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vinyl-f-diaphos L3

1H NMR (600 MHz) in CDCl3

13C NMR (150 MHz) in CDCl3
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31P NMR (243 MHz) in CDCl3
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vinyl-f-diaphos L4

1H NMR (600 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3
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31P NMR (243 MHz) in CDCl3

[(R)-2a]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-2b]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-2c]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-2d]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-2e]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-2f]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-2g]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(+)-2h]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(+)-2i]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-2j] 
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(+)-2k]
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1H NMR (600 MHz) in CDCl3

13C NMR (150 MHz) in CDCl3

[(+)-2i]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(-)-2m]



S67

1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-2n]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(+)-2o]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4a]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4b]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4c]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4d]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4e]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4f]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4g]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4h]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4i] 
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(S)-4j]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(S)-4k]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4l]
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1H NMR (600 MHz) in CDCl3

13C NMR (150 MHz) in CDCl3

[(R)-4m]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4n]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(R)-4o]
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1H NMR (600 MHz) in CDCl3

13C NMR (150 MHz) in CDCl3

[(R)-4p]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(2S, 3S)-6a]
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1H NMR (600 MHz) in CDCl3

13C NMR (150 MHz) in CDCl3

[(2R, 3S)-6b]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(2R, 3S)-6c]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

[(2R, 3S)-6d]
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1H NMR (400 MHz) in CDCl3

13C NMR (100 MHz) in CDCl3

8. HPLC analyses for chiral products 
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Rac-Phenyl(pyridin-2-yl)methanol

N

OH

(R)-Phenyl(pyridin-2-yl)methanol [(R)-2a]

N

OH

(S)-Phenyl(pyridin-2-yl)methanol [(S)-2a]
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N

OH

Rac-Pyridin-2-yl(o-tolyl)methanol
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N

OH

(R)-Pyridin-2-yl(o-tolyl)methanol [(R)-2b]

N

OH

Rac-Pyridin-2-yl(m-tolyl)methanol



S93

N

OH

(R)-Pyridin-2-yl(m-tolyl)methanol [(R)-2c]

N

OH

Rac-Pyridin-2-yl(p-tolyl)methanol
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N

OH

(R)-Pyridin-2-yl(p-tolyl)methanol [(R)-2d]

N

OH

Rac-Pyridin-2-yl(4-(trifluoromethyl)phenyl)methanol
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N

OH

CF3

(R)-Pyridin-2-yl(4-(trifluoromethyl)phenyl)methanol [(R)-2e]

N

OH

CF3

Rac-(4-Chlorophenyl)(pyridin-2-yl)methanol
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N

OH

Cl

(S)-(4-Chlorophenyl)(pyridin-2-yl)methanol [(S)-2f]

N

OH

Cl

(R)-(4-Chlorophenyl)(pyridin-2-yl)methanol [(R)-2f]
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N

OH

Cl

Rac-(3,5-Dimethylphenyl)(pyridin-2-yl)methanol
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N

OH

(R)-(3,5-Dimethylphenyl)(pyridin-2-yl)methanol [(R)-2g]

N

OH

Rac-(3-Methylpyridin-2-yl)(phenyl)methanol
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N

OH

(+)-(3-Methylpyridin-2-yl)(phenyl)methanol [(+)-2h]

N

OH

*

Rac-(3-Fluoropyridin-2-yl)(phenyl)methanol
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N

OH

F

(R)-(3-Fluoropyridin-2-yl)(phenyl)methanol [(+)-2i]

N

OH

F
*

Rac-(4-Methylpyridin-2-yl)(phenyl)methanol
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N

OH

(R)-(4-Methylpyridin-2-yl)(phenyl)methanol [(R)-2j]

N

OH

Rac-(4-Methoxypyridin-2-yl)(phenyl)methanol
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N

OH

OMe

(+)-(4-Methoxypyridin-2-yl)(phenyl)methanol [(R)-2k]

N

OH

OMe

*

Rac-(5-Methylpyridin-2-yl)(phenyl)methanol
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N

OH

(+)-(5-Methylpyridin-2-yl)(phenyl)methanol [(+)-2l]

N

OH

*

Rac-(6-Methylpyridin-2-yl)(phenyl)methanol
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N

OH

(-)-(6-Methylpyridin-2-yl)(phenyl)methanol [(-)-2m]

N

OH

*

Rac-Naphthalen-2-yl(pyridin-2-yl)methanol



S105

N

OH

(+)-Naphthalen-2-yl(pyridin-2-yl)methanol [(+)-2n]

N

OH

*

Rac-Phenyl(quinolin-2-yl)methanol
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N

OH

(+)-phenyl(quinolin-2-yl)methanol [(+)-2o]

N

OH

*

Rac-1-phenylethan-1-ol
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OH

(R)-1-phenylethan-1-ol [(R)-4a]
OH

Rac-1-phenylbutan-1-ol



S108

OH

(R)-1-phenylbutan-1-ol [(R)-4b]
OH

Rac-1-(m-tolyl)ethan-1-ol
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OH

(R)-1-(m-tolyl)ethan-1-ol [(R)-4c]
OH

Rac-1-(p-tolyl)ethan-1-ol
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OH

(R)-1-(p-tolyl)ethan-1-ol [(R)-4d] 
OH

Rac-1-(4-methoxyphenyl)ethan-1-ol
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OH

MeO

(R)-1-(4-methoxyphenyl)ethan-1-ol [(R)-4e]
OH

MeO

Rac-1-(4-fluorophenyl)ethan-1-ol



S112

OH

F

(R)-1-(4-fluorophenyl)ethan-1-ol [(R)-4f]
OH

F

Rac-1-(4-chlorophenyl)ethan-1-ol
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OH

Cl

(R)-1-(4-chlorophenyl)ethan-1-ol [(R)-4g]
OH

Cl

Rac-1-(9H-fluoren-2-yl)ethan-1-ol
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OH

(R)-1-(9H-fluoren-2-yl)ethan-1-ol [(R)-4h]

OH

Rac-2,3-dihydro-1H-inden-1-ol
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OH

(R)-2,3-dihydro-1H-inden-1-ol [(R)-4i]
OH

Rac-1-(5-fluoro-2-iodophenyl)ethan-1-ol
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I

F

OH

(S)-1-(5-fluoro-2-iodophenyl)ethan-1-ol [(S)-4j]
I

F

OH

Methyl (E)-2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-
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hydroxypropyl)benzoate

NCl

OH COOMe

methyl (S, E)-2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-

hydroxypropyl)benzoate [(S)-4k]

NCl

OH COOMe

Rac-3-hydroxy-N,N-dimethyl-3-phenylpropanamide
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OH

N

O

(R)-3-Hydroxy-N,N-dimethyl-3-phenylpropanamide [(R)-4l]
OH

N

O

Rac-N,N-diethyl-3-hydroxy-3-phenylpropanamide
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OH

N

O

(R)-N,N-diethyl-3-hydroxy-3-phenylpropanamide [(R)-4m]
OH

N

O

Rac-Ethyl-3-hydroxy-3-phenylpropanoate
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OH

O

O

Ethyl-(R)-3-hydroxy-3-phenylpropanoate [(R)-4n]
OH

O

O

Rac-Ethyl-3-([1,1'-biphenyl]-4-yl)-3-hydroxypropanoate
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OH

O

O

Ph

Ethyl-(R)-3-([1,1'-biphenyl]-4-yl)-3-hydroxypropanoate [(R)-4o]
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OH

O

O

Ph

Rac-Ethyl-3-hydroxy-3-(thiophen-2-yl)propanoate



S123

OH

O

O

S

Ethyl-(R)-3-hydroxy-3-(thiophen-2-yl)propanoate [(R)-4p]



S124

OH

O

O

S

Rac-2-Fluoro-3-hydroxy-N,N-dimethyl-3-phenylpropanamide
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OH

N

O

F

(2S,3S)-2-Fluoro-3-hydroxy-N,N-dimethyl-3-phenylpropanamide [(2S,3S)-6a]
OH

N

O

F

Rac-Ethyl 2-(benzamidomethyl)-3-hydroxy-3-phenylpropanoate
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OH

O

O

NH

O

(2R,3S)-Ethyl-2-(benzamidomethyl)-3-hydroxy-3-phenylpropanoate [(2R,3S)-6b]
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OH

O

O

NH

O

Ethyl-2-(benzamidomethyl)-3-(3-bromophenyl)-3-hydroxypropanoate
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OH

O

O

NH

O

Br

(2R, 3S)-Ethyl-2-(benzamidomethyl)-3-(3-bromophenyl)-3-hydroxypropanoate 
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[(2R,3S)-6c]

OH

O

O

NH

O

Br

Rac-Ethyl-2-((1,3-dioxoisoindolin-2-yl)methyl)-3-hydroxy-3-phenylpropanoate
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OH

O

O

N
O

O

(2R,3S)-Ethyl-2-((1,3-dioxoisoindolin-2-yl)methyl)-3-hydroxy-3-
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phenylpropanoate [(2R,3S)-6d]

OH

O

O

N
O

O
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