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1. General information

Unless otherwise stated, 1H NMR and 13C NMR spectra were recorded on a Bruker 

(400 MHz) spectrometer. Chemical shifts were reported in parts per million (ppm), and 

the residual solvent peak was used as an internal reference: proton (chloroform δ 7.26), 

carbon (chloroform δ 77.0) or tetramethylsilane (TMS δ 0.00) was used as a reference. 

Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = 

triplet, dd = doublet of doublets, td = triplet of doublets, dt = doublet of triplets, ddd = 

doublet of doublet of doublets, m = multiplet, bs = broad singlet, etc.), coupling 

constants (Hz) and integration. Infrared (IR) spectra were obtained using a Bruker 

tensor 27 infrared spectrometer. Enantiomer excess was determined on Shimadzu SPD-

M20A HPLC analysis employing Daicel Chiracel columns (IG, OD-H or OJ-H) and n-

hexane/ i-PrOH as eluents. High resolution mass spectra (HRMS) were obtained on 

IonSpec FT-ICR or Waters Micromass Q-TOF micro Synapt High Definition Mass 

Spectrometer. Optical rotation was determined on a RUDOLPH AUTOPOL-VI 

apparatus. Melting points were measured on an INESA WRR-Y melting point 

apparatus. Flash chromatography was carried out with silica gel 300–400 mesh. 

All the key reactions were carried out under nitrogen atmosphere with a stir bar in a 

sealed vial. Tetrahydrofuran (THF) (99.5%, Extra Dry, stabilized) used for the key 

reactions was purchased from Acros and degassed with nitrogen before use. Pd(OAc)2 

were purchased from Strem Chemicals and ligands from Strem Chemicals or TCI. 1,3-

oxazol-5(4H)-ones1–3 and 1,3-dienes4,5 used for the key reactions were synthesized 

according to literature procedures. All other materials were obtained from commercial 

sources and were used as received. The absolute configuration of the product was 

determined by comparing with the optical rotation of known chiral compound 4m.6 

2. Experimental procedures

2.1 General procedure A for the reaction of oxazolone with substituted 1,3-diene
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Pd(OAc)2 (5 mol%)
(R)-DTBM-SEGPHOS (6 mol%)

CSA (5 mol%)
THF, 50 oC, 24 h
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A 4-mL oven-dried vial charged with a stir bar was transferred into glove box. To this 

vial was added Pd(OAc)2 (1.2 mg, 5 mol%), (R)-DTBM-SEGPHOS (7.0 mg, 6 mol%) 

and CSA (1.2 mg, 5 mol%) followed by the addition of THF (0.2 mL). The reaction 

mixture was allowed to stir for 5 min at room temperature. 1a (24 mg, 0.12 mmol) and 

2a (13 mg, 0.1 mmol) was then subsequently added. The vial was tightly capped, 

removed from glove box and heated at 50 oC for 24 h. After the completion of the 

reaction, the mixture was cooled to room temperature, diluted with EtOAc and passed 

through a short pad of Celite®. The resulted crude mixture was concentrated in vacuo 

and then analyzed by 1H NMR spectroscopy to determine the dr. The combined crude 

mixture was then purified by silica gel chromatography (PE: Et2O=150:1 to 100:1) to 

afford 3a (28.1 mg, 81% yield) as a colorless oil.

2.2 General procedure B for the reaction of oxazolone with 1,3-butadiene

+

Pd(OAc)2 (5 mol%)
(rac)-DTBM-SEGPHOS (6 mol%)

CSA (5 mol%)
THF, 50 oC, 24 h

N
O

O

Ph
N

O

O

Ph
n-Bu

n-Bu

1a 6 7a

A 4-mL oven-dried vial charged with a stir bar was transferred into glove box. To this 

vial was added Pd(OAc)2 (1.2 mg, 5 mol%), (rac)-DTBM-SEGPHOS (7.0 mg, 6 mol%) 

and CSA (1.2 mg, 5 mol%) followed by the addition of THF (0.15 mL). The reaction 

mixture was allowed to stir for 5 min at room temperature. 1a (20 mg, 0.1 mmol) and 

6 (0.3 mmol, 2 mol/L in THF) was then subsequently added. The vial was tightly 

capped, removed from glove box and heated at 50 oC for 24 h. After the completion of 

the reaction, the mixture was cooled to room temperature, diluted with EtOAc and 

passed through a short pad of Celite®. The resulted crude mixture was concentrated in 

vacuo and then analyzed by 1H NMR spectroscopy to determine the rr. The combined 

crude mixture was then purified by silica gel chromatography (PE: Et2O=200:1 to 
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150:1) to afford 7a (21.4 mg, 79% yield) as a colorless oil.

2.3 Synthesis of 4 from 3a7

N
O

O

Ph
n-Bu

Ph K2CO3 (5 equiv)

MeOH, r.t., 2 h
MeO Ph

O

BzHN n-Bu

3a, 93:7 er 4
91% yield, >20:1 dr, 92:8 er

An 8-mL reaction vial with a stir bar was charged with 3a (50 mg, 0.144 mmol) and 

K2CO3 (99.5 mg, 0.72 mmol, 5 equiv) and methanol (1.5 mL). The vial was sealed and 

allowed to stir at room temperature for 2 h before concentrated by rotary evaporation 

to remove the solvent. The resulting crude mixture was purified by silica gel 

chromatography (PE:Et2O=20:1 to 10:1) to yield the hydrolyzed product 4 (49.7 mg, 

91% yield, dr >20:1, 92:8 er) as a colorless oil.

N
O

O

Ph
Me

K2CO3 (5 equiv)
MeO

O

BzHN MeMeOH, rt, 2 h
Ph

4m
86% yield, 91:9 er

Ph

3m

The known compound 4m6 was synthesized from 3m by following the same procedure 

mentioned above. The absolute configuration of 4m was assigned to be (2R,3S) by 

comparing its optical rotation with the literature. 4m: [α]20 D = – 52.2o (c 1.0, CH2Cl2).

2.4 Synthesis of 5 from 3a7

N
O

O

Ph
n-Bu

Ph 1.0 M HCl

dioxane, 80 oC, 8 h
HO Ph

O

BzHN n-Bu

3a, 93:7 er 5
83% yield, >20:1 dr, 92:8 er

To a 20-mL vial was added 3a (50 mg, 0.144 mmol), dioxane (9 mL) and 1 M HCl (9 

mL). The vial was sealed and allowed to stir at 80 °C for 8 h before being cooled to 

room temperature and extracted with EtOAc (10 mL× 3). The organic layers were dried 
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with Na2SO4, filtered and concentrated. The resulting crude mixture was then washed 

by PE to yield 5 as a white solid (46.8 mg, 89% yield, m.p. = 115.3 oC, > 20:1 dr, 92:8 

er). []20 D= – 52.8o (c 0.5, CH2Cl2).

Scheme S1: Screening of different ligands for the reaction between 1a and 6.a

+

Pd(OAc)2 (5 mol%)
ligand (6 mol%)

CSA (5 mol%)
THF, 50 oC, 24 h

3.0 equiv

N
O

O

Ph

H

N
O

O

Ph
nBunBu

1a 7a
6

N
O

O

Ph
nBu

7a'

+

PAr2
PAr2

L1: Ar = Ph
L2: Ar = p-Me-C6H4
L3: Ar = 3,5-Me2-C6H3

MeO PAr2
PAr2

PAr2
PAr2MeO

L4: Ar = p-Me-C6H4
L5: Ar = 3,5-Me2-C6H3

L6: Ar = p-Me-C6H4
L7: Ar = 3,5-Me2-C6H3
L8: Ar = 3,5-(t-Bu)2-4-MeO-C6H2

O

O

O

O
BINAP scaffold MeO-BIPHEP scaffold SEGPHOS scaffold

entry Ligand isolated yield of 7a (%) rr (7a:7a’)b er of 7ac

1 L1 61% 3.1:1 52:48
2 L2 53% 4:1 53:47
3 L3 51% 2:1 56:44
4 L4 56% 3.4:1 51:49
5 L5 47% 3:1 55:45
6 L6 69% 4.5:1 53:47
7 L7 60% 3:1 61:39
8 L8 79% 12:1 66:34
9 (p-CF3Ph)3P (10 mol%) 41% 1.3:1 --

aUnless otherwise noted, all reactions were run in 0.1 mmol scale of 1a, 6 (3.0 equiv), Pd(OAc)2 
(5 mol%), ligand (6 mol%), CSA (5 mol%), THF (0.2 mL). bRegioselective ratio (rr) was 
determined by 1H NMR spectroscopy of the crude reaction mixture. cEnantioselective ratio (er) 
was determined by chiral HPLC analysis. 
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3. Characterization data

(R)-4-butyl-2-phenyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-

5(4H)-one (3a) 

Synthesized by following general procedure A, and purification 

by flash column chromatography (PE:Et2O=150:1 to 100:1) to 

afford a colorless oil in 81% yield, 10:1 dr, 93:7 er, [α]20 D= 93.1o (c 0.5, CH2Cl2), Rf 

= 0.5 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 7.6 Hz, 2H), 7.51 (t, 

J = 7.5 Hz, 1H), 7.43 (t, J = 7.7 Hz, 2H), 7.33 (d, J = 7.7 Hz, 2H), 7.24 (d, J = 15.3 Hz, 

2H), 7.16 (dd, J = 13.2, 5.7 Hz, 1H), 6.44 (d, J = 15.9 Hz, 1H), 6.18 (dd, J = 15.9, 9.4 

Hz, 1H), 2.75 (p, J = 7.3 Hz, 1H), 1.70-1.99 (m, 2H), 1.01-1.23 (m, 4H), 0.96 (d, J = 

6.7 Hz, 3H), 0.74 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 180.55, 160.26, 

137.03, 132.63, 132.40, 129.65, 128.78, 128.52, 128.01, 127.44, 126.37, 125.85, 44.85, 

35.92, 26.02, 22.57, 15.89, 13.86. IR (v/cm-1): 693, 750, 764, 957, 1023, 1260, 1275, 

1652, 1815, 2961. HRMS (ESI) calcd. for C23H26NO2
+(M + H)+: 348.1964, Found: 

348.1982

(R)-4-((S,E)-4-([1,1'-biphenyl]-4-yl)but-3-en-2-yl)-4-butyl-2-phenyloxazol-5(4H)-

one (3b)

Synthesized by following general procedure A, and 

purification by flash column chromatography 

(PE:Et2O=150:1 to 100:1) to afford a colorless oil in 80% 

yield, 11:1 dr. 91:9 er. [α]20 D= 105.3o (c 0.5, CH2Cl2), Rf = 0.5 (PE/Et2O, 40:1). 1H 

NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.7 Hz, 2H), 7.40-7.69 (m, 10H), 7.34 (t, J = 

7.5 Hz, 1H), 7.26 (s, 1H), 6.56 (d, J = 15.8 Hz, 1H), 6.31 (dd, J = 16.5, 9.5 Hz, 1H), 

2.85 (dt, J = 13.9, 6.5 Hz, 1H), 1.78-2.06 (m, 2H), 1.15-1.37 (m, 4H), 1.05 (d, J = 7.0 

Hz, 3H), 0.82 (t, J = 7.0 Hz, 3H).13C NMR (101 MHz, CDCl3) δ 180.56, 160.28, 

140.73, 140.25, 136.04, 132.66, 131.94, 129.79, 128.80, 128.78, 128.03, 127.29, 

127.23, 126.94, 126.79, 125.83, 44.95, 35.96, 26.03, 22.59, 15.93, 13.88. IR (v/cm-1): 

N
O

O

Ph
n-Bu

Ph

N
O

O

Ph
n-Bu

Ph



S6

697, 761, 799, 1005, 1022, 1047, 1651, 1813, 2926, 2959. HRMS (ESI) calcd. for 

C29H30NO2
+(M + H)+: 424.2277, Found: 424.2256

(R)-4-butyl-2-phenyl-4-((S,E)-4-(p-tolyl)but-3-en-2-yl)oxazol-5(4H)-one (3c)

Synthesized by following general procedure A, And 

purification by flash column chromatography 

(PE:Et2O=150:1 to 100:1) to afford a colorless oil in 75% 

yield, 9:1 dr. 91:9 er. [α]20 D = 82.7o (c 0.5, CH2Cl2), Rf = 0.6 (PE/Et2O, 40:1). 1H 

NMR (400 MHz, CDCl3)δ 8.05 (d, J = 7.7 Hz, 2H), 7.58 (t, J = 7.5 Hz, 1H), 7.50 (t, J 

= 7.8 Hz, 2H), 7.30 (d, J = 7.8 Hz, 2H), 7.12 (d, J = 7.8 Hz, 2H), 6.48 (d, J = 15.8 Hz, 

1H), 6.19 (dd, J = 16.0, 9.3 Hz, 1H), 2.81 (p, J = 7.5 Hz, 1H), 2.33 (s, 3H), 2.02 – 1.78 

(m, 2H), 1.10-1.35 (m, 4H), 1.02 (d, J = 6.9 Hz, 3H), 0.81 (t, J = 7.4 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 180.64, 160.21, 137.25, 134.23, 132.62, 132.24, 129.21, 128.78, 

128.55, 128.01, 126.27, 125.86, 44.91, 35.93, 26.03, 22.58, 21.19, 15.94, 13.87. IR 

(v/cm-1): 699, 801, 956, 968, 1022, 1073, 1259, 1651, 1813, 2922, 2959. HRMS (ESI) 

calcd. for C24H28NO2
+(M + H)+: 362.2120, Found: 362.2122

(R)-4-butyl-4-((S,E)-4-(4-chlorophenyl)but-3-en-2-yl)-2-phenyloxazol-5(4H)-one 

(3d)

Synthesized by following general procedure A, and 

purification by flash column chromatography 

(PE:Et2O=150:1 to 100:1) to afford a colorless oil in 74% 

yield, 9:1 dr. 91:9 er. [α]20 D = 89.4o (c 0.5, CH2Cl2), Rf = 0.55 (PE/Et2O, 40:1). 1H 

NMR (400 MHz, CDCl3) δ 8.05 (d, J = 7.5 Hz, 2H), 7.65 – 7.56 (m, 1H), 7.51 (t, J = 

7.8 Hz, 2H), 7.37 – 7.26 (m, 4H), 6.47 (d, J = 15.8 Hz, 1H), 6.29 – 6.17 (m, 1H), 2.82 

(p, J = 7.7 Hz, 1H), 2.02 – 1.77 (m, 2H), 1.39 – 1.11 (m, 4H), 1.03 (d, J = 6.1 Hz, 3H), 

0.82 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 180.42, 160.34, 135.47, 

133.05, 132.70, 131.21, 130.35, 128.81, 128.65, 128.01, 127.57, 125.76, 44.78, 35.89, 

26.00, 22.57, 15.81, 13.86. IR (v/cm-1): 699, 807, 1012, 1022, 1259, 1491, 1651, 1813, 

2922, 2959. HRMS (ESI) calcd. for C23H25ClNO2
+(M + H)+: 382.1574, Found: 

N
O

O

Ph
n-Bu

N
O

O

Ph
n-Bu

Cl
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382.1588

(R)-4-butyl-4-((S,E)-4-(4-nitrophenyl)but-3-en-2-yl)-2-phenyloxazol-5(4H)-one 

(3e)

Synthesized by following general procedure A, and 

purification by flash column chromatography 

(PE:Et2O=150:1 to 100:1) to afford a yellow solid in 26% 

yield, m.p. 108-110 oC. 9:1 dr. 93:7 er. [α]20 D= 77.0o (c 0.5, CH2Cl2), Rf = 0.3 

(PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 8.5 Hz, 2H), 8.05 (d, J = 

7.7 Hz, 2H), 7.61 (t, J = 7.6 Hz, 1H), 7.52 (t, J = 7.6 Hz, 4H), 6.59 (d, J = 15.9 Hz, 1H), 

6.47 (dd, J = 16.1, 9.0 Hz, 1H), 2.88 (p, J = 7.5 Hz, 1H), 1.89 (ddd, J = 23.9, 19.4, 12.6 

Hz, 2H), 1.37 – 1.11 (m, 4H), 1.06 (d, J = 7.0 Hz, 3H), 0.82 (t, J = 7.5 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 180.08, 160.58, 146.88, 143.36, 134.88, 132.85, 130.55, 

128.85, 128.02, 126.88, 125.62, 123.99, 44.81, 35.93, 25.97, 22.55, 15.65, 13.84. IR 

(v/cm-1): 692, 701, 958, 1022, 1341, 1517, 1651, 1814, 2920, 2958. HRMS (ESI) 

calcd. for C23H25N2O4
+(M + H)+: 393.1814, Found: 393.1783

(R)-4-butyl-4-((S,E)-4-(2-methoxyphenyl)but-3-en-2-yl)-2-phenyloxazol-5(4H)-

one (3f)

Synthesized by following general procedure A, and 

purification by flash column chromatography 

(PE:Et2O=150:1 to 100:1) to afford a colorless oil in 77% 

yield, 10:1 dr. 95:5 er. [α]20 D = 72.7o (c 0.5, CH2Cl2), Rf = 0.5 (PE/Et2O, 40:1). 1H 

NMR (400 MHz, CDCl3) δ 8.05 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.50 (t, 

J = 7.6 Hz, 3H), 7.21 (t, J = 7.9 Hz, 1H), 6.92 (t, J = 7.6 Hz, 1H), 6.86 (d, J = 12.5 Hz, 

2H), 6.22 (dd, J = 16.2, 9.3 Hz, 1H), 3.83 (s, 3H), 2.85 (p, J = 7.6 Hz, 1H), 2.04 – 1.79 

(m, 2H), 1.10-1.37 (m, 4H), 1.04 (d, J = 6.8 Hz, 3H), 0.82 (t, J = 7.5 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 180.64, 160.11, 156.48, 132.55, 129.93, 128.74, 128.46, 128.01, 

126.95, 126.59, 126.08, 125.94, 120.57, 110.85, 55.46, 45.17, 35.89, 26.04, 22.60, 

15.91, 13.87. IR (v/cm-1): 698, 749, 797, 956, 1021, 1082, 1243, 1652, 1813, 2928, 

N
O

O

Ph
n-Bu

NO2

N
O

O

Ph
n-Bu

OMe
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2959. HRMS (ESI) calcd. for C24H28NO3
+(M + H)+: 378.2069, Found: 378.2080

 (R)-4-butyl-2-phenyl-4-((S,E)-4-(m-tolyl)but-3-en-2-yl)oxazol-5(4H)-one (3g)

Synthesized by following general procedure A, and 

purification by flash column chromatography 

(PE:Et2O=150:1 to 100:1) to afford a colorless oil in 70% 

yield, 8:1 dr. 91:9 er. [α]20 D = 87.7o (c 0.5, CH2Cl2), Rf = 0.5 (PE/Et2O, 40:1). 1H 

NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.7 Hz, 2H), 7.58 (d, J = 7.5 Hz, 1H), 7.52 (d, 

J = 7.7 Hz, 2H), 7.25 – 7.16 (m, 3H), 7.05 (s, 1H), 6.49 (d, J = 15.8 Hz, 1H), 6.24 (dd, 

J = 16.1, 9.3 Hz, 1H), 2.88 – 2.75 (m, 1H), 2.35 (s, 3H), 2.05 – 1.91 (m, 1H), 1.84 (t, J 

= 13.2 Hz, 1H), 1.25 (dt, J = 14.8, 7.0 Hz, 4H), 1.02 (d, J = 6.9 Hz, 3H), 0.82 (t, J = 7.4 

Hz, 3H) ,13C NMR (101 MHz, CDCl3) δ 180.62, 160.24, 138.10, 136.93, 132.63, 

132.48, 129.39, 128.78, 128.42, 128.24, 128.02, 127.00, 125.85, 123.60, 44.94, 35.95, 

26.03, 22.58, 21.39, 15.96, 13.88. IR (v/cm-1): 692, 777, 799, 875, 956, 1004, 1022, 

1652, 1813, 2925, 2959. HRMS (ESI) calcd. for C24H28NO2
+(M + H)+: 362.2120, 

Found: 362.2112.

(R)-4-butyl-4-((S,E)-4-(naphthalen-1-yl)but-3-en-2-yl)-2-phenyloxazol-5(4H)-one 

(3h)

Synthesized by following general procedure A, and 

purification by flash column chromatography 

(PE:Et2O=150:1 to 100:1) to afford a colorless oil in 41% 

yield, 4:1 dr. 93:7 er. [α]20 D = 87.7o (c 0.5, CH2Cl2), Rf = 0.5 (PE/Et2O, 40:1). 1H 

NMR (400 MHz, CDCl3) δ 8.05 (d, J = 7.4 Hz, 3H), 7.84 (d, J = 7.1 Hz, 1H), 7.76 (d, 

J = 8.3 Hz, 1H), 7.59 (d, J = 7.3 Hz, 2H), 7.46 (dq, J = 18.0, 7.7 Hz, 5H), 7.28 (d, J 

=15.9Hz, 1H), 6.24 (dd, J = 15.7, 9.3 Hz, 1H), 2.98 (p, J = 7.4 Hz, 1H), 1.88-2.12 (m, 

2H), 1.19-1.39 (m, 4H), 1.15 (d, J = 7.0 Hz, 3H), 0.84 (t, J = 7.3 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 180.45, 160.21, 134.83, 133.54, 132.91, 132.63, 131.09, 129.88, 

128.79, 128.49, 128.01, 127.81, 125.96, 125.85, 125.71, 125.59, 123.98, 123.76, 44.96, 

35.89, 26.02, 22.63, 15.76, 13.86. IR (v/cm-1): 698, 775, 795, 875, 956, 1021, 1260, 

N
O

O

Ph
n-Bu

N
O

O

Ph
n-Bu
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1651, 1812, 2917, 2958. HRMS (ESI) calcd. for C27H28NO2
+(M + H)+: 398.2120, 

Found: 398.2111

(R*)-4-butyl-4-((R*,E)-4-(naphthalen-1-yl)but-3-en-2-yl)-2-phenyloxazol-5(4H)-

one (3h’)

Isolated as the minor diastereomer of compound 3h. 

Colorless oil, 15% isolated yield, 93:7 er. [α]20 D = 58.6o 

(c 0.5, CH2Cl2), Rf = 0.4 (PE/Et2O, 40:1). 1H NMR (400 

MHz, CDCl3) δ 8.03 (d, J = 7.5 Hz, 3H), 7.82 (s, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.57 

(d, J = 7.6 Hz, 1H), 7.47 (dd, J = 17.9, 7.8 Hz, 5H), 7.35 (dd, J = 17.2, 8.7 Hz, 1H), 

7.21 (d, J = 15.1 Hz, 1H), 6.12 (dd, J = 15.9, 9.4 Hz, 1H), 3.00 (q, J = 7.9 Hz, 1H), 

1.89-2.14 (m, 2H), 1.18-1.41 (m, 7H), 0.87 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 179.97, 160.27, 134.90, 133.50, 132.63, 132.29, 131.11, 130.11, 128.79, 

128.76, 128.41, 128.00, 127.98, 127.80, 125.97, 125.86, 125.71, 125.55, 124.10, 

123.91, 44.61, 35.43, 25.99, 22.67, 15.25, 13.86, 13.83. IR (v/cm-1): 696, 775, 796, 

1021, 1036, 1290, 1450, 1651, 1812, 2919, 2958. HRMS (ESI) calcd. for 

C27H28NO2
+(M + H)+: 398.2120, Found: 398.2111

(R)-4-butyl-4-((S,E)-4-(naphthalen-2-yl)but-3-en-2-yl)-2-phenyloxazol-5(4H)-one 

(3i)

Synthesized by following general procedure A, and 

purification by flash column chromatography (PE:Et2O=150:1 

to 100:1) to afford a white solid in 83% yield, m.p. 93-96 oC. 

9:1 dr. 91:9 er. [α]20 D = 136.9o (c 0.5, CH2Cl2), Rf = 0.5 (PE/Et2O, 40:1). 1H NMR 

(400 MHz, CDCl3) δ 8.07 (d, J = 7.6 Hz, 2H), 7.80 (d, J = 6.9 Hz, 3H), 7.74 (s, 1H), 

7.61 (dd, J = 18.3, 8.3 Hz, 2H), 7.51 (t, J = 7.7 Hz, 2H), 7.44 (q, J = 6.9 Hz, 2H), 6.68 

(d, J = 15.8 Hz, 1H), 6.38 (dd, J = 15.9, 9.3 Hz, 1H), 2.89 (p, J = 7.5 Hz, 1H), 2.07 – 

1.95 (m, 1H), 1.81-1.94 (m, 1H), 1.29 – 1.11 (m, 4H), 1.07 (d, J = 6.9 Hz, 3H), 0.82 (t, 

J = 7.3 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 180.58, 160.32, 134.45, 133.58, 

132.92, 132.67, 132.55, 130.04, 128.81, 128.11, 128.03, 127.92, 127.64, 126.25, 
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126.11, 125.83, 125.79, 123.70, 45.02, 35.97, 26.05, 22.58, 15.95, 13.87. IR (v/cm-1): 

699, 747, 764, 812, 957, 1022, 1048, 1651, 1812, 2927, 2958. HRMS (ESI) calcd. for 

C27H28NO2
+(M + H)+: 398.2120, Found: 398.2111

(R)-4-butyl-4-((S,E)-4-(furan-2-yl)but-3-en-2-yl)-2-phenyloxazol-5(4H)-one (3j)

Synthesized by following general procedure A, And 

purification by flash column chromatography (PE:Et2O=150:1 

to 100:1) to afford a white solid in 66% yield, m.p. 60-63 oC. 

10:1 dr. 89:11 er. [α]20 D = 80.5o (c 0.5, CH2Cl2), Rf = 0.45 (PE/Et2O, 40:1). 1H NMR 

(400 MHz, CDCl3) δ 8.05 (d, J = 7.7 Hz, 2H), 7.68 – 7.55 (m, 1H), 7.51 (d, J = 7.7 Hz, 

2H), 7.34 (s, 1H), 6.34 (d, J = 18.2 Hz, 2H), 6.28 – 6.13 (m, 2H), 2.77 (dt, J = 13.5, 6.3 

Hz, 1H), 1.97 (t, J = 12.9 Hz, 1H), 1.90 – 1.76 (m, 1H), 1.39 – 1.13 (m, 4H), 1.02 (d, J 

= 6.3 Hz, 3H), 0.82 (t, J = 7.3 Hz, 3H) 13C NMR (101 MHz, CDCl3) δ 180.55, 160.25, 

152.50, 141.76, 132.63, 128.77, 128.41, 128.03, 125.81, 120.78, 111.21, 107.42, 44.58, 

35.90, 26.01, 22.57, 15.82, 13.87. IR (v/cm-1): 698, 797, 957, 1012, 1077, 1259, 1652, 

1812, 2928, 2959. HRMS (ESI) calcd. for C21H24NO3
+(M + H)+ : 338.1756, Found: 

338.1775

(R)-4-butyl-4-((S,E)-dec-3-en-2-yl)-2-phenyloxazol-5(4H)-one (3k)

Synthesized by following general procedure A, And 

purification by flash column chromatography (PE:Et2O=200:1 

to 150:1) to afford a colorless oil in 62% yield, 8:1 dr. 80:20 er. 

[α]20 D = 31.7o (c 0.5, CH2Cl2), Rf = 0.7 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) 

δ 8.02 (d, J = 7.5 Hz, 2H), 7.57 (t, J = 7.7 Hz, 1H), 7.50 (d, J = 7.8 Hz, 2H), 5.55 (dt, J 

= 14.6, 7.0 Hz, 1H), 5.39 (dd, J = 15.5, 9.1 Hz, 1H), 2.60 (p, J = 7.9 Hz, 1H), 2.09 – 

1.70 (m, 4H), 1.35 – 1.09 (m, 12H), 0.96 (d, J = 6.8 Hz, 3H), 0.89 – 0.80 (m, 6H). 13C 

NMR (101 MHz, CDCl3) δ 180.65, 159.88, 133.96, 132.49, 129.26, 128.72, 127.93, 

125.96, 76.52, 44.31, 35.61, 32.52, 31.69, 29.37, 28.78, 26.00, 22.63, 22.59, 15.70, 

14.09, 13.85. IR (v/cm-1): 697, 750, 764, 875, 955, 1022, 1043, 1652, 1814, 2924, 2957. 

HRMS (ESI) calcd. for C23H34NO2
+(M + H)+: 356.2590, Found: 356.2590.
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(R)-4-butyl-4-((S,E)-4-cyclohexylbut-3-en-2-yl)-2-phenyloxazol-5(4H)-one (3l)

Synthesized by following general procedure A, And 

purification by flash column chromatography (PE:Et2O=200:1 to 

150:1) to afford a colorless oil in 34% yield, 3:1 dr. 85:15 er. 

[α]20 D = 33.4o (c 0.5, CH2Cl2), Rf = 0.7 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) 

δ 8.02 (d, J = 7.5 Hz, 2H), 7.57 (t, J = 7.6 Hz, 1H), 7.49 (t, J = 7.7 Hz, 2H), 5.50 (dd, J 

= 15.8, 6.8 Hz, 1H), 5.34 (dd, J = 16.0, 9.1 Hz, 1H), 2.58 (p, J = 7.7 Hz, 1H), 2.00 – 

1.86 (m, 2H), 1.85 – 1.73 (m, 1H), 1.65 (m, 5H), 1.36 – 0.99 (m, 9H), 0.96 (d, J = 6.9 

Hz, 3H), 0.84 (t, J = 7.6 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 180.63, 159.80, 

139.80, 132.47, 128.71, 127.93, 126.75, 125.99, 76.50, 44.28, 40.64, 35.49, 33.02, 

32.97, 26.13, 25.97, 25.95, 22.64, 15.65, 13.84. IR (v/cm-1): 699, 750, 764, 877, 955, 

1022, 1260, 1275, 1653, 1814, 2851, 2923. HRMS (ESI) calcd. for C23H32NO2
+(M + 

H)+ : 354.2433, Found: 354.2421

(R*)-4-butyl-4-((R*,E)-4-cyclohexylbut-3-en-2-yl)-2-phenyloxazol-5(4H)-one (3l’) 

Isolated as the minor diastereomer of compound 3l. Colorless 

oil, 12% isolated yield, 90:10 er, [α]20 D = 31.6o (c 0.5, 

CH2Cl2), Rf = 0.6 (PE/Et2O, 40:1). 1H NMR (400 MHz, 

CDCl3) δ 8.00 (d, J = 7.5 Hz, 2H), 7.56 (d, J = 7.6 Hz, 1H), 7.50 (d, J = 7.9 Hz, 2H), 

5.48 (dd, J = 15.8, 6.6 Hz, 1H), 5.25 (dd, J = 15.7, 9.2 Hz, 1H), 2.58 (p, J = 8.0 Hz, 

1H), 1.98 – 1.78 (m, 3H), 1.52-1.71 (m, 5H), 1.38 – 1.23 (m, 3H), 1.11-1.22 (m, 3H), 

1.10 (d, J = 6.7 Hz, 4H), 0.90-1.02 (m, 2H), 0.85 (t, J = 7.6 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 180.10, 159.86, 139.71, 132.46, 128.72, 127.89, 126.33, 126.03, 77.08, 

43.86, 40.46, 35.12, 32.93, 32.81, 26.11, 25.97, 25.87, 22.67, 15.26, 13.84. IR (v/cm-

1): 697, 798, 876, 1021, 1035, 1259, 1450, 1652, 1814.35, 2851, 2922. HRMS (ESI) 

calcd. for C23H32NO2
+(M + H)+ : 354.2433, Found: 354.2421

(R)-4-methyl-2-phenyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one (3m)

Synthesized by following general procedure A, and purification 
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by flash column chromatography (PE:Et2O=150:1 to 100:1) to afford a colorless oil in 

63% yield, 8:1 dr. 91:9 er. [α]20 D = 106.1o (c 0.5, CH2Cl2), Rf = 0.4 (PE/Et2O, 40:1). 

1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 7.7 Hz, 2H), 7.59 (t, J = 7.8 Hz, 1H), 7.50 

(t, J = 7.9 Hz, 2H), 7.40 (d, J = 7.7 Hz, 2H), 7.32 (t, J = 7.6 Hz, 2H), 7.22 (d, J = 7.0 

Hz, 1H), 6.54 (d, J = 15.8 Hz, 1H), 6.25 (dd, J = 16.0, 9.3 Hz, 1H), 2.81 (dt, J = 15.9, 

7.2 Hz, 1H), 1.50 (s, 3H), 1.05 (d, J = 6.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

180.94, 160.11, 136.95, 132.77, 132.66, 129.30, 128.78, 128.52, 127.99, 127.49, 

126.37, 125.92, 72.44, 45.06, 22.69, 15.81. IR (v/cm-1): 691, 766, 749, 887, 968, 998, 

1651, 1819, 2929, 2964. HRMS (ESI) calcd. for C20H20NO2
+(M + H)+: 306.1494, 

Found: 306.1490

(R)-4-ethyl-2-phenyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one (3n)

 Synthesized by following general procedure A, and 

purification by flash column chromatography (PE:Et2O=150:1 to 

100:1) to afford a colorless oil in 52% yield, 8:1 dr. 92:8 er. [α]20 

D= 89.0o (c 0.5, CH2Cl2), Rf = 0.4 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 

8.06 (d, J = 7.5 Hz, 2H), 7.59 (t, J = 7.7 Hz, 1H), 7.51 (d, J = 7.8 Hz, 2H), 7.40 (d, J = 

7.7 Hz, 2H), 7.31 (t, J = 7.7 Hz, 2H), 7.25 – 7.19 (m, 1H), 6.52 (d, J = 15.9 Hz, 1H), 

6.33 – 6.20 (m, 1H), 2.84 (p, J = 7.6 Hz, 1H), 1.81-2.11 (m, 2H), 1.04 (d, J = 6.1 Hz, 

3H), 0.80 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 180.44, 160.38, 136.98, 

132.65, 132.37, 129.66, 128.78, 128.52, 128.01, 127.46, 126.35, 125.82, 44.58, 29.34, 

16.00, 8.15. IR (v/cm-1): 691, 749, 762, 799, 876, 1016, 1260, 1652, 1815, 2923, 2964. 

HRMS (ESI) calcd. for C21H22NO2
+(M + H)+ : 320.1651, Found: 320.1653.

(R)-2-phenyl-4-((S,E)-4-phenylbut-3-en-2-yl)-4-propyloxazol-5(4H)-one (3o)

Synthesized by following general procedure A, and purification 

by flash column chromatography (PE:Et2O=150:1 to 100:1) to 

afford a colorless oil in 72% yield, 9:1 dr. 91:9 er. [α]20 D = 84.8o 

(c 0.5, CH2Cl2), Rf = 0.5 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 

7.6 Hz, 2H), 7.63 – 7.55 (m, 1H), 7.50 (t, J = 7.8 Hz, 2H), 7.41 (d, J = 7.7 Hz, 2H), 7.32 
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(t, J = 7.7 Hz, 2H), 7.22 (d, J = 7.8 Hz, 1H), 6.52 (d, J = 15.9 Hz, 1H), 6.26 (dd, J = 

16.0, 9.2 Hz, 1H), 2.83 (p, J = 7.8 Hz, 1H), 2.03 – 1.73 (m, 2H), 1.24 – 1.08 (m, 2H), 

1.03 (d, J = 6.4 Hz, 3H), 0.86 (t, J = 7.5 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

180.58, 160.26, 137.00, 132.64, 132.39, 129.64, 128.79, 128.53, 128.00, 127.46, 

126.38, 125.82, 76.74, 44.89, 38.23, 17.33, 15.90, 13.88. IR (v/cm-1): 692, 749, 763, 

881, 942, 1020, 1651, 1810, 2930, 2961. HRMS (ESI) calcd. for C22H24NO2
+(M + H)+ 

: 334.1807, Found: 334.1792

(R)-4-isobutyl-2-phenyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one (3p)

Synthesized by following general procedure A, and purification 

by flash column chromatography (PE:Et2O=150:1 to 100:1) to 

afford a colorless oil in 52% yield, 8:1 dr. 93:7 er. [α]20 D = 

131.0o (c 0.5, CH2Cl2), Rf = 0.5 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 8.04 

(d, J = 7.7 Hz, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.51 (d, J = 7.8 Hz, 2H), 7.39 (d, J = 7.7 

Hz, 2H), 7.31 (t, J = 7.7 Hz, 2H), 7.23 (dd, J = 13.1, 6.0 Hz, 1H), 6.49 (d, J = 15.8 Hz, 

1H), 6.21 (dd, J = 15.1, 9.6 Hz, 1H), 2.77 (p, J = 7.7 Hz, 1H), 2.05 (dd, J = 14.1, 5.3 

Hz, 1H), 1.78 (dd, J = 14.8, 6.9 Hz, 1H), 1.53 (dt, J = 13.7, 6.2 Hz, 1H), 1.03 (d, J = 

6.2 Hz, 3H), 0.94 – 0.76 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 181.04, 159.92, 

137.01, 132.62, 132.60, 129.65, 128.80, 128.51, 127.97, 127.45, 126.38, 125.94, 45.98, 

44.71, 25.07, 24.05, 23.29, 15.49. IR (v/cm-1): 692, 750, 764, 1022, 1260, 1275, 1651, 

1811, 2960. HRMS (ESI) calcd. for C23H26NO2
+(M + H)+: 348.1964, Found: 348.1982.

(R)-4-(2-(methylthio)ethyl)-2-phenyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-

5(4H)-one (3q)

Synthesized by following general procedure A, and purification 

by flash column chromatography (PE:Et2O=150:1 to 100:1) to 

afford a colorless oil in 71% yield, 9:1 dr. 92:8 er. [α]20 D = 

102.1o (c 0.5, CH2Cl2), Rf = 0.3 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 8.05 

(d, J = 7.7 Hz, 2H), 7.60 (t, J = 7.7 Hz, 1H), 7.52 (d, J = 7.7 Hz, 2H), 7.39 (d, J = 7.6 

Hz, 2H), 7.31 (d, J = 15.2 Hz, 2H), 7.23 (d, J = 7.5 Hz, 1H), 6.53 (d, J = 15.8 Hz, 1H), 
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6.23 (dd, J = 15.9, 9.3 Hz, 1H), 2.83 (p, J = 7.8 Hz, 1H), 2.40 (q, J = 10.5 Hz, 1H), 2.31 

(d, J = 9.2 Hz, 2H), 2.21 (q, J = 10.8 Hz, 1H), 2.02 (s, 3H), 1.05 (d, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 180.20, 160.87, 136.82, 132.84, 132.81, 129.22, 

128.82, 128.54, 128.07, 127.58, 126.39, 125.71, 75.59, 45.11, 35.11, 28.75, 15.58, 

15.29. IR (v/cm-1): 691, 749, 764, 876, 966, 998, 1260, 1650, 1811, 2918, 2964. HRMS 

(ESI) calcd. for C22H24NO2S+(M + H)+: 366.1528, Found: 366.1552. 

(R)-4-benzyl-2-phenyl-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one (3r)

Synthesized by following general procedure A, and purification 

by flash column chromatography (PE:Et2O=150:1 to 100:1) to 

afford a colorless oil in 37% yield, 8:1 dr. 86:14 er. [α]20 D = 

205.8o (c 0.5, CH2Cl2), Rf = 0.3 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 7.85 

(d, J = 7.7 Hz, 2H), 7.51 (d, J = 7.2 Hz, 1H), 7.44 (t, J = 8.8 Hz, 4H), 7.34 (t, J = 7.6 

Hz, 2H), 7.25 (d, J = 15.7 Hz, 1H), 7.11 (s, 5H), 6.61 (d, J = 15.9 Hz, 1H), 6.37 (dd, J 

= 16.1, 9.4 Hz, 1H), 3.30 (d, J = 13.4 Hz, 1H), 3.08 (d, J = 13.5 Hz, 1H), 2.99 (p, J = 

6.7, 6.2 Hz, 1H), 1.08 (d, J = 6.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 179.66, 

160.16, 136.96, 134.63, 132.78, 132.46, 130.13, 129.56, 128.62, 128.58, 128.03, 

127.85, 127.57, 127.03, 126.44, 125.72, 77.99, 45.03, 42.56, 16.27. IR (v/cm-1): 691, 

747, 777, 799, 965, 1023, 1056, 1260, 1812, 2921, 2962. HRMS (ESI) calcd. for 

C26H24NO2
+(M + H)+ : 382.1807, Found: 382.1803.

(R)-4-butyl-4-((S,E)-4-phenylbut-3-en-2-yl)-2-(p-tolyl)oxazol-5(4H)-one (3s)

Synthesized by following general procedure A, and 

purification by flash column chromatography (PE:Et2O=150:1 

to 100:1) to afford a colorless oil in 45% yield, 8:1 dr. 93:7 er. 

[α]20 D = 94.3o (c 0.5, CH2Cl2), Rf = 0.5 (PE/Et2O, 40:1). 1H 

NMR (400 MHz, CDCl3) δ 7.94 (d, J = 7.8 Hz, 2H), 7.40 (d, J = 7.4 Hz, 2H), 7.30 (d, 

J = 7.8 Hz, 4H), 7.21 (d, J = 7.6 Hz, 1H), 6.51 (d, J = 15.8 Hz, 1H), 6.26 (dd, J = 16.1, 

9.6 Hz, 1H), 2.80 (q, J = 7.7 Hz, 1H), 2.44 (s, 3H), 1.74-2.07 (m, 2H), 1.12-1.32 (m, 

4H), 1.02 (d, J = 6.0 Hz, 3H), 0.81 (t, J = 6.5 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

N
O

O

Ph Ph

Ph

N
O

O

n-Bu
Ph



S15

180.71, 160.30, 143.36, 137.05, 132.33, 129.75, 129.51, 128.51, 128.00, 127.42, 

126.38, 123.05, 76.57, 44.90, 35.98, 26.04, 22.59, 21.72, 15.91, 13.89. IR (v/cm-1): 

691, 727, 749, 764, 957, 1650, 1812, 2923, 2958. HRMS (ESI) calcd. for 

C24H28NO2
+(M + H)+: 362.2120, Found: 362.2112

(R)-4-butyl-2-(4-chlorophenyl)-4-((S,E)-4-phenylbut-3-en-2-yl)oxazol-5(4H)-one 

(3t)

Synthesized by following general procedure A, and 

purification by flash column chromatography (PE:Et2O=150:1 

to 100:1) to afford a colorless oil in 46% yield, 13:1 dr. 92:8 

er. [α]20 D = 94.3o (c 0.5, CH2Cl2), Rf = 0.5 (PE/Et2O, 40:1). 

1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.2 Hz, 2H), 7.39 

(d, J = 7.7 Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.23 (d, J = 16.3 Hz, 1H), 6.51 (d, J = 15.8 

Hz, 1H), 6.23 (dd, J = 16.0, 9.3 Hz, 1H), 2.82 (p, J = 7.5 Hz, 1H), 1.77-2.07 (m, 2H), 

1.08-1.32 (m, 4H), 1.03 (d, J = 6.8 Hz, 3H), 0.82 (t, J = 7.4 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 180.18, 159.43, 139.04, 136.95, 132.51, 129.43, 129.30, 129.18, 

128.54, 127.50, 126.36, 124.28, 76.79, 44.81, 35.87, 26.01, 22.56, 15.87, 13.86. IR 

(v/cm-1): 690, 730, 749, 264, 954, 1089, 1651, 1815, 2926, 2959. HRMS (ESI) calcd. 

for C23H25ClNO2
+(M + H)+ : 382.1574, Found: 382.1588.

(R)-4-butyl-2-(4-chlorophenyl)-4-((S,E)-4-(naphthalen-2-yl)but-3-en-2-yl)oxazol-

5(4H)-one (3u)

Synthesized by following general procedure A, And 

purification by flash column chromatography 

(PE:Et2O=150:1 to 100:1) to afford a white solid in 41% 

yield, m.p. 122-124 oC. 8:1 dr. 93:7 er. [α]20 D = 148.8o (c 

0.5, CH2Cl2), Rf = 0.3 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 7.9 

Hz, 2H), 7.80 (d, J = 7.1 Hz, 3H), 7.73 (s, 1H), 7.62 (d, J = 8.8 Hz, 1H), 7.56 – 7.36 

(m, 4H), 6.67 (d, J = 15.8 Hz, 1H), 6.35 (dd, J = 15.5, 9.4 Hz, 1H), 2.95 – 2.81 (m, 1H), 

2.07 – 1.80 (m, 2H), 1.09-1.36 (m, 4H), 1.07 (d, J = 6.5 Hz, 3H), 0.82 (t, J = 6.9 Hz, 
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3H). 13C NMR (101 MHz, CDCl3) δ 180.20, 159.50, 139.07, 134.37, 133.58, 132.94, 

132.66, 129.82, 129.32, 129.20, 128.15, 127.92, 127.65, 126.29, 126.14, 125.84, 

124.27, 123.64, 76.85, 44.96, 35.92, 26.04, 22.57, 15.92, 13.87. IR (v/cm-1): 746, 764, 

812, 839, 957, 1001, 1089, 1262, 1650, 1812, 2926, 2960. HRMS (ESI) calcd. for 

C27H27ClNO2
+(M + H)+ : 432.1730, Found: 432.1698.

methyl (R)-2-benzamido-2-((S,E)-4-phenylbut-3-en-2-yl)hexanoate (4)

Synthesized by following experimental procedure 2.3, and 

purification by flash column chromatography (PE:Et2O=20:1 

to 10:1) to afford a colorless oil in 91% yield, 49.7 mg, >20:1 

dr, 92:8 er []20 D= –60.3o (c 0.5, CH2Cl2), Rf= 0.4 (PE/Et2O, 5:1). 1H NMR (400 

MHz, CDCl3) δ 7.76 (d, J = 7.4 Hz, 2H), 7.47 (t, J = 7.5 Hz, 1H), 7.41 (d, J = 7.6 Hz, 

2H), 7.30 (d, J = 8.4 Hz, 3H), 7.20 (d, J = 7.6 Hz, 2H), 6.42 (d, J = 15.7 Hz, 1H), 6.12 

(dd, J = 15.8, 9.2 Hz, 1H), 3.84 (s, 3H), 3.39 (p, J = 7.6 Hz, 1H), 2.72 (t, J = 12.4 Hz, 

1H), 2.10 (t, J = 12.5 Hz, 1H), 1.31 (d, J = 8.1 Hz, 3H), 1.21 (d, J = 6.9 Hz, 3H), 0.97 

(d, J = 10.3 Hz, 1H), 0.86 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 174.01, 

166.35, 137.26, 135.43, 131.67, 131.36, 131.09, 128.60, 128.48, 127.27, 126.84, 

126.31, 67.87, 52.76, 43.14, 31.84, 26.87, 22.64, 15.92, 14.06. IR (v/cm-1): 693, 749, 

764, 800, 1260, 1275, 1485, 1511, 1667, 2870, 2958. HRMS (ESI): calcd. for 

C24H30NO3
+(M + H)+: 380.2226, Found: 380.2202

methyl (2R,3S,E)-2-benzamido-2,3-dimethyl-5-phenylpent-4-enoate (4m)

Synthesized by following experimental procedure 2.3, and 

purification by flash column chromatography (PE:Et2O=10:1 

to 5:1) to afford a colorless oil in 86% yield, >20:1 dr. 91:9 er. 

[α]20 D = – 52.2o (c 1.0, CH2Cl2), Rf = 0.3 (PE/Et2O, 4:1). 1H NMR (400 MHz, CDCl3) 

δ 7.72 (d, J = 7.2 Hz, 2H), 7.46 (d, J = 6.9 Hz, 1H), 7.43 – 7.33 (m, 4H), 7.31 (s, 2H), 

7.24 (d, J = 7.6 Hz, 1H), 6.84 (s, 1H), 6.52 (d, J = 15.5 Hz, 1H), 6.17 (dd, J = 15.5, 9.3 

Hz, 1H), 3.78 (s, 3H), 3.00 (t, J = 8.1 Hz, 1H), 1.80 (s, 3H), 1.22 (d, J = 6.2 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 173.34, 166.70, 136.83, 134.71, 132.44, 131.52, 

MeO Ph
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BzHN n-Bu

MeO Ph
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130.20, 128.60, 128.57, 127.63, 126.87, 126.36, 62.67, 52.47, 45.18, 20.68, 15.73. IR 

(v/cm-1): 692, 713, 800, 1025, 1104, 1259, 1486, 1518, 1647, 1736, 2962. HRMS 

(ESI): calcd. for C21H24NO3
+(M + H)+: 338.1756, Found: 338.1775.

(R)-2-benzamido-2-((S,E)-4-phenylbut-3-en-2-yl)hexanoic acid (5)

Synthesized by following experimental procedure 2.4. 46.8 

mg, 89% yield, colorless solid, m.p. = 115 oC, > 20:1 dr, 92:8 

er, []20 D= – 52.8o (c 0.5, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 9.48 (bs, 1H), 7.75 (d, J = 7.5 Hz, 2H), 7.49 (t, J = 7.7 Hz, 1H), 7.41 (d, J = 

7.8 Hz, 2H), 7.30 (t, J = 7.8 Hz, 3H), 7.19 (t, J = 7.5 Hz, 1H), 7.10 (s, 1H), 6.48 (d, J = 

15.7 Hz, 1H), 6.18 (dd, J = 16.0, 9.2 Hz, 1H), 3.39 (q, J = 7.8 Hz, 1H), 2.64 (t, J = 12.7 

Hz, 1H), 2.17 (t, J = 12.2 Hz, 1H), 1.43 – 1.29 (m, 3H), 1.27 (d, J = 6.0 Hz, 3H), 1.12 

(s, 1H), 0.87 (t, J = 7.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 176.83, 167.19, 

137.09, 134.88, 132.12, 131.64, 130.78, 128.68, 128.50, 127.38, 126.88, 126.34, 67.46, 

42.96, 31.90, 26.63, 22.69, 15.84, 14.04. IR (v/cm-1): 691, 749, 799, 1026, 1260, 1275, 

1487, 1520, 1626, 1715, 2857, 2926, 2959. HRMS (ESI) calcd. for C23H28NO3
+(M + 

H)+: 366.2069, Found: 366.2044.

(E)-4-(but-2-en-1-yl)-4-butyl-2-phenyloxazol-5(4H)-one (7a)

Synthesized by following general procedure B, and purification 

by flash column chromatography (PE:Et2O=200:1 to 150:1) to 

afford a colorless oil in 79% yield, 12:1 rr, 66:34 er, Rf = 0.3 

(PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 7.6 Hz, 2H), 7.57 (d, J = 

7.7 Hz, 1H), 7.50 (d, J = 7.9 Hz, 2H), 5.59 (tt, J = 11.3, 6.7 Hz, 1H), 5.27 (dt, J = 15.5, 

7.5 Hz, 1H), 2.54 (dt, J = 21.6, 13.5 Hz, 2H), 1.89 (dt, J = 11.3, 4.8 Hz, 2H), 1.58 (d, J 

= 5.1 Hz, 3H), 1.17-1.39 (m, 3H), 1.04-1.17 (m, 1H), 0.86 (t, J = 7.3 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 180.16, 159.78, 132.55, 131.20, 128.75, 127.91, 125.97, 123.05, 

74.10, 40.70, 36.69, 26.01, 22.57, 17.98, 13.81. IR (v/cm-1): 694, 778, 882, 967, 1039, 

1290, 1320, 1450, 1652, 1815, 2858, 2957; HRMS (ESI) calcd. for C17H22NO2
+(M + 

H)+: 272.1651, Found: 272.1652.
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(E)-4-(but-2-en-1-yl)-2-phenyl-4-propyloxazol-5(4H)-one (7b)

Synthesized by following general procedure B, and purification 

by flash column chromatography (PE:Et2O=200:1 to 150:1) to 

afford a colorless oil in 76% yield, 13:1 rr. Rf = 0.4 (PE/Et2O, 

40:1). 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 7.6 Hz, 2H), 7.57 (d, J = 7.4 Hz, 1H), 

7.50 (d, J = 7.7 Hz, 2H), 5.59 (dq, J = 14.0, 6.8 Hz, 1H), 5.28 (dt, J = 15.1, 7.4 Hz, 1H), 

2.54 (dt, J = 21.6, 13.5 Hz, 2H), 1.97 – 1.79 (m, J = 8.7, 6.9 Hz, 2H), 1.59 (d, J = 4.6 

Hz, 3H), 1.35 – 1.10 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

180.14, 159.80, 132.55, 131.21, 128.75, 127.89, 125.94, 123.03, 74.11, 40.69, 39.01, 

17.99, 17.35, 13.89. IR (v/cm-1): 694, 881, 966, 1021, 1291, 1450, 1652, 1815, 2960. 

HRMS (ESI): calcd. for C16H20NO2
+(M + H)+: 258.1494, Found: 2528.1484.

(E)-4-(but-2-en-1-yl)-4-isobutyl-2-phenyloxazol-5(4H)-one (7c)

Synthesized by following general procedure B, and purification 

by flash column chromatography (PE:Et2O=200:1 to 150:1) to 

afford a colorless oil in 74% yield, 13:1 rr. Rf = 0.4 (PE/Et2O, 

40:1). 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 7.6 Hz, 2H), 7.63 – 7.54 (m, 1H), 

7.51 (d, J = 8.0 Hz, 2H), 5.71 – 5.46 (m, 1H), 5.36 – 5.15 (m, 1H), 2.51 (dt, J = 21.0, 

13.2 Hz, 2H), 1.95 (dt, J = 14.7, 4.0 Hz, 1H), 1.80 (dd, J = 13.7, 7.5 Hz, 1H), 1.64 (dt, 

J = 13.9, 4.7 Hz, 1H), 1.57 (d, J = 5.0 Hz, 3H), 1.02 – 0.76 (m, 6H). 13C NMR (101 

MHz, CDCl3) δ 180.64, 159.49, 132.54, 131.52, 128.79, 127.87, 126.04, 122.74, 73.54, 

45.65, 41.94, 25.00, 24.06, 23.00, 18.00. IR (v/cm-1): 696, 881, 969, 1046, 1289, 1320, 

1450, 1494, 1652, 1815, 2957. HRMS (ESI) calcd. for C17H22NO2
+(M + H)+: 

272.1651, Found: 272.1652.

(E)-4-(but-2-en-1-yl)-4-(2-(methylthio)ethyl)-2-phenyloxazol-5(4H)-one (7d)

Synthesized by following general procedure B, and purification 

by flash column chromatography (PE:Et2O=100:1 to 40:1) to 

afford a colorless oil in 81% yield, 14:1 rr, Rf = 0.2 (PE/Et2O, 
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40:1). 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 7.5 Hz, 2H), 7.58 (d, J = 7.5 Hz, 1H), 

7.50 (t, J = 7.5 Hz, 2H), 5.61 (dt, J = 15.0, 6.9 Hz, 1H), 5.28 (dt, J = 15.3, 7.4 Hz, 1H), 

2.50 (ddd, J = 28.7, 13.6, 7.5 Hz, 3H), 2.38 (q, J = 12.6, 10.6 Hz, 1H), 2.22 (t, J = 7.8 

Hz, 2H), 2.05 (s, 3H), 1.60 (d, J = 5.3 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 179.82, 

160.45, 132.72, 131.75, 128.79, 127.96, 125.84, 122.51, 72.96, 40.93, 35.77, 28.77, 

18.01, 15.21. IR (v/cm-1): 692, 882, 966, 1057, 1289, 1319, 1450, 1650, 1812, 2916. 

HRMS (ESI) calcd. for C16H20NO2S+(M + H)+: 290.1215, Found: 290.1243.

(E)-4-(but-2-en-1-yl)-4-methyl-2-phenyloxazol-5(4H)-one (7e)

Synthesized by following general procedure B, and purification 

by flash column chromatography (PE:Et2O=80:1 to 40:1) to 

afford a colorless oil in 81% yield, 14:1 rr, Rf = 0.3 (PE/Et2O, 

40:1). 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 7.9 Hz, 2H), 7.57 (d, J = 7.5 Hz, 1H), 

7.49 (t, J = 7.5 Hz, 2H), 5.61 (dd, J = 15.1, 7.2 Hz, 1H), 5.29 (dt, J = 15.2, 7.2 Hz, 1H), 

2.54 (t, J = 7.2 Hz, 2H), 1.60 (d, J = 6.5 Hz, 3H), 1.51 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 180.49, 159.69, 132.60, 131.36, 128.76, 127.90, 126.00, 123.14, 70.04, 

41.37, 23.16, 17.99. IR (v/cm-1): 693, 884, 1000, 1290, 1320, 1450, 1652, 1818, 2917. 

HRMS (ESI) calcd. for C14H16NO2
+(M + H)+: 230.1181, Found: 230.1207.

(E)-4-(but-2-en-1-yl)-4-ethyl-2-phenyloxazol-5(4H)-one (7f)

Synthesized by following general procedure B, and purification 

by flash column chromatography (PE:Et2O=150:1 to 100:1) to 

afford a colorless oil in 33% yield, 11:1 rr, Rf = 0.4 (PE/Et2O, 

40:1).1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 7.6 Hz, 2H), 7.57 (d, J = 7.7 Hz, 1H), 

7.51 (d, J = 8.1 Hz, 2H), 5.60 (dd, J = 15.3, 7.5 Hz, 1H), 5.28 (dt, J = 15.5, 7.4 Hz, 1H), 

2.69 – 2.42 (m, 2H), 1.94 (q, J = 8.9 Hz, 2H), 1.59 (s, 3H), 0.85 (td, J = 7.6, 2.6 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 180.06, 159.92, 132.58, 131.16, 128.76, 127.92, 

125.93, 123.10, 74.62, 40.33, 30.07, 18.00, 8.24. IR (v/cm-1): 692, 883, 1013, 1290, 

1331, 1450, 1652, 1816, 2911. HRMS (ESI) calcd. for C15H18NO2
+(M + H)+: 

244.1338, Found: 244.1344.
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(E)-4-benzyl-4-(but-2-en-1-yl)-2-phenyloxazol-5(4H)-one (7g)

Synthesized by following general procedure B, and purification 

by flash column chromatography (PE:Et2O=150:1 to 80:1) to 

afford a colorless oil in 66% yield, 14:1 rr, Rf = 0.2 (PE/Et2O, 

40:1). 1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 7.3 Hz, 2H), 7.52 (t, J = 7.4 Hz, 1H), 

7.42 (t, J = 7.7 Hz, 2H), 7.23 – 7.01 (m, 5H), 5.63 (dq, J = 13.9, 6.8 Hz, 1H), 5.30 (dt, 

J = 15.2, 7.5 Hz, 1H), 3.18 (q, J = 13.6 Hz, 2H), 2.67 (dd, J = 7.5, 3.8 Hz, 2H), 1.60 (d, 

J = 5.3 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 179.27, 159.75, 134.48, 132.46, 

131.47, 130.14, 128.64, 128.13, 127.80, 127.13, 125.78, 122.99, 75.13, 43.11, 40.50, 

18.03. IR (v/cm-1): 693, 886, 969, 1056, 1291, 1450, 152, 1813, 2918. HRMS (ESI) 

calcd. for C20H20NO2
+(M + H)+: 306.1494, Found: 306.1490.

(E)-4-(but-2-en-1-yl)-4-butyl-2-(p-tolyl)oxazol-5(4H)-one (7h)

Synthesized by following general procedure B, and 

purification by flash column chromatography 

(PE:Et2O=100:1 to 40:1) to afford a colorless oil in 51% 

yield, 14:1 rr, Rf = 0.3 (PE/Et2O, 40:1).1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 6.7 

Hz, 2H), 7.30 (d, J = 7.7 Hz, 2H), 5.57 (dt, J = 13.8, 6.9 Hz, 1H), 5.27 (dt, J = 15.4, 7.3 

Hz, 1H), 2.53 (qd, J = 13.4, 12.7, 6.4 Hz, 2H), 2.44 (d, J = 2.9 Hz, 3H), 1.86 (t, J = 11.8 

Hz, 2H), 1.58 (d, J = 6.4 Hz, 3H), 1.33 – 1.06 (m, 4H), 0.85 (t, J = 6.9 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 180.32, 159.83, 143.28, 131.11, 129.48, 127.90, 123.13, 

74.00, 40.74, 36.73, 26.02, 22.58, 21.69, 18.00, 13.83. IR (v/cm-1): 726, 827, 883, 969, 

1040, 1180, 1298, 1314, 1651, 1815, 2858, 2920,2957. HRMS (ESI) calcd. for 

C18H24NO2
+(M + H)+: 86.1807, Found: 286.1791.

(E)-4-(but-2-en-1-yl)-4-butyl-2-(4-chlorophenyl)oxazol-5(4H)-one (7i)

Synthesized by following general procedure B, and 

purification by flash column chromatography 

(PE:Et2O=80:1 to 40:1) to afford a colorless oil in 43% yield, 
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12:1 rr, Rf = 0.4 (PE/Et2O, 40:1). 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 7.2 Hz, 

2H), 7.47 (d, J = 8.3 Hz, 2H), 5.58 (dq, J = 14.9, 7.5 Hz, 1H), 5.25 (dt, J = 15.5, 7.7 

Hz, 1H), 2.54 (tt, J = 21.9, 10.0 Hz, 2H), 1.89 (qd, J = 9.7, 6.7, 5.1 Hz, 2H), 1.78 – 1.51 

(m, 3H), 1.34 – 1.06 (m, 4H), 0.86 (d, J = 7.6 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 179.84, 158.96, 138.95, 131.36, 129.20, 129.16, 124.39, 122.90, 74.22, 40.64, 36.63, 

26.01, 22.55, 18.00, 13.81. IR (v/cm-1): 730, 839, 968, 1039, 1090, 1294, 1651, 1819, 

2856, 2920, 2957. HRMS (ESI) calcd. for C17H21ClNO2
+(M + H)+: 306.1261, Found: 

306.1232.
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5. NMR spectra
1H NMR Spectrum of Compound 3a (400 MHz, CDCl3)
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13C NMR Spectrum of Compound 3c (101 MHz, CDCl3)
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1H NMR Spectrum of Compound 3e (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 3f (400 MHz, CDCl3)
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13C NMR Spectrum of Compound 3g (101 MHz, CDCl3)
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1H NMR Spectrum of Compound 3j (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 3k (400 MHz, CDCl3)

-4-3-2-10123456789101112131415
f1 (ppm)

6.
12

3.
02

12
.0

3
4.

12
0.

89

0.
94

1.
00

1.
91

1.
02

1.
92

0.
82

0.
84

0.
86

0.
87

0.
88

0.
95

0.
97

1.
14

1.
16

1.
22

1.
25

1.
27

1.
29

1.
31

1.
72

1.
74

1.
76

1.
77

1.
80

1.
83

1.
84

1.
89

1.
90

1.
91

1.
93

1.
94

1.
97

1.
99

2.
01

2.
03

2.
58

2.
60

2.
62

5.
36

5.
39

5.
40

5.
43

5.
52

5.
53

5.
55

5.
57

5.
59

7.
47

7.
49

7.
51

7.
55

7.
57

7.
59

8.
01

8.
03

13C NMR Spectrum of Compound 3k (101 MHz, CDCl3)

-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

13
.8

5
14

.0
9

15
.7

0
22

.5
9

22
.6

3
26

.0
0

28
.7

8
29

.3
7

31
.6

9
32

.5
2

35
.6

1
44

.3
1

76
.5

2

12
5.

96
12

7.
93

12
8.

72
12

9.
26

13
2.

49
13

3.
96

15
9.

88

18
0.

65

N
O

O

Ph
n-Bu

C6H13

N
O

O

Ph
n-Bu

C6H13



S36

1H NMR Spectrum of Compound 3l (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 3l’ (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 3m (400 MHz, CDCl3)
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13C NMR Spectrum of Compound 3n (101 MHz, CDCl3)
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1H NMR Spectrum of Compound 3q (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 3r (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 3s (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 3t (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 3u (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 4 (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 7c (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 7f (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 7g (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 7h (400 MHz, CDCl3)
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1H NMR Spectrum of Compound 7i (400 MHz, CDCl3)
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6. HPLC spectra

Compound 3a: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 120:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 13.209 min, tR (minor isomer) 

= 14.920 min.
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Compound 3b: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 120:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 20.214 min, tR (minor isomer) 

= 21.689 min.

N
O

O

Ph
n-Bu

Ph

rac-3a

N
O

O

Ph
n-Bu

Ph

3a



S62

Compound 3c: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 70:1, flow 

rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 11.712 min, tR (minor isomer) = 

12.518 min.
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Compound 3d: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 200:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 19.217 min, tR (minor isomer) 

= 21.215 min.
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Compound 3e: HPLC condition: Chiralcel OD-H column, n-hexane/i-PrOH = 60:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 18.632 min, tR (minor isomer) 

= 20.176 min.

N
O

O

Ph
n-Bu

Clrac-3d

N
O

O

Ph
n-Bu

Cl3d



S65

Compound 3f: HPLC condition: Chiralcel OD-H column, n-hexane/i-PrOH = 60:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 12.834 min, tR (minor isomer) 

= 15.198 min.
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Compound 3g: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 120:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 12.658 min, tR (minor isomer) 
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= 13.611 min.

Compound 3h: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 70:1, flow 

rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 14.349 min, tR (minor isomer) = 

15.943 min.
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Compound 3h’: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 70:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 26.184 min, tR (minor isomer) 

= 19.278 min.
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Compound 3i: HPLC condition: Chiralcel OD-H column, n-hexane/i-PrOH = 60:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 17.445 min, tR (minor isomer) 

= 13.574 min.
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Compound 3j: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 70:1, flow 

rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 12.426 min, tR (minor isomer) = 

14.934 min.
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Compound 3k: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 400:1, 

flow rate = 0.2 mL/min, λ = 254 nm, tR (major isomer) = 26.791 min, tR (minor isomer) 

= 28.480 min.
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Compound 3l: HPLC condition: Chiralcel IA column, n-hexane/i-PrOH = 1000:1, 

flow rate = 0.3 mL/min, λ = 254 nm, tR (major isomer) = 21.831 min, tR (minor isomer) 

= 20.737 min.
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Compound 3l’: HPLC condition: Chiralcel IF column, n-hexane/i-PrOH = 500:1, 

flow rate = 0.3 mL/min, λ = 254 nm, tR (major isomer) = 27.468 min, tR (minor isomer) 

= 25.966 min.
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Compound 3m: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 150:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 27.011 min, tR (minor isomer) 

= 24.678 min.
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Compound 3n: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 60:1, flow 

rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 13.202 min, tR (minor isomer) = 

14.180 min.
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Compound 3o: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 60:1, flow 

rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 11.877 min, tR (minor isomer) = 

13.353 min.
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Compound 3p: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 70:1, flow 

rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 11.767 min, tR (minor isomer) = 

12.745 min.
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Compound 3q: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 70:1, flow 

rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 24.110 min, tR (minor isomer) = 

27.182 min.
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Compound 3r: HPLC condition: Chiralcel OD-H column, n-hexane/i-PrOH = 60:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 16.807 min, tR (minor isomer) 

= 15.740 min.
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Compound 3s: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 70:1, flow 

rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 12.334 min, tR (minor isomer) = 

13.704 min.
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Compound 3t: HPLC condition: Chiralcel IG column, n-hexane/i-PrOH = 70:1, flow 

rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 11.731 min, tR (minor isomer) = 

12.686 min.
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Compound 3u: HPLC condition: Chiralcel ODH column, n-hexane/i-PrOH = 140:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 15.278 min, tR (minor isomer) 

= 13.548 min.
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Compound 4: HPLC condition: Chiralcel ODH column, n-hexane/i-PrOH = 30:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 18.089 min, tR (minor isomer) 

= 14.520 min.
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Compound 4m: HPLC condition: Chiralcel ODH column, n-hexane/i-PrOH = 15:1, 

flow rate = 0.4 mL/min, λ = 254 nm, tR (major isomer) = 31.885 min, tR (minor isomer) 

= 36.699 min.
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Compound 5: HPLC condition: Chiralcel OJH column, n-hexane/i-PrOH = 16:1, 1% 

CH3COOH, flow rate = 0.2 mL/min, λ = 254 nm, tR (major isomer) = 34.150 min, tR 

(minor isomer) = 29.512 min.
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Compound 7a: HPLC condition: Chiralcel IA column, n-hexane/i-PrOH = 16:1, 1% 

CH3COOH, flow rate = 0.2 mL/min, λ = 254 nm, tR (major isomer) = 31.647 min, tR 

(minor isomer) = 34.624 min.
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