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I - General Remarks 

All reactions were performed in flame-dried glassware with magnetic stirring bar, under argon 

atmosphere, and sealed with a rubber septum. The solvents were distilled by standard methods. 

Reagents were obtained from commercial suppliers and used without further purification unless 

otherwise noted. Flash column chromatography was carried out using Qingdao silica Gel 60 

(230–400 mesh). Analytical thin layer chromatography (TLC) was done using Qingdao silica Gel 

(silica gel 60 F254). TLC plates were analyzed by an exposure to ultraviolet (UV) light and/or 

submersion in phosphomolybdic acid solution or in I2. NMR experiments were carried out in 

deuterochloroform (CDCl3). 
1
H NMR , 

13
C and 

19
F NMR spectra were recorded at 400 MHz or 

600 MHz, 100 MHz or 150 MHz and 376 MHz spectrometers Bruker (400 MHz) and Agilent 

(600 MHz). Chemical shifts are reported as δ values relative to internal chloroform (δ 7.26 for 
1
H 

NMR and 77.0 for 
13

C NMR) in parts per million (ppm). The following abbreviations are used for 

the multiplicities : s: singlet, d: doublet, dd: doublet of doublet, t: triplet, q: quadruplet, m: 

multiplet, br: broad signal for proton spectra; Coupling constants (J) are reported in Hertz (Hz). 

Melting points were uncorrected. Infrared spectra were recorded on an IR spectrometer (Perkin 

Elmer BX FT-IR), and absorption frequencies were reported in reciprocal centimeters (cm
-1

). The 

HRMS data were measured on MALDI-TOF type of instrument for the high resolution mass 

spectra. The enantio- and diastereomeric excesses [(ee’s) & (de’s)] of products were determined by 

chiral HPLC analysis was measured at 254 nm using the indicated chiral column. 

  



II – General procedure B: preparation of β-ketoesters 2a 

 

NaH (60% suspension in mineral oil, 2.86g, 71.5mmol) and THF(40 mL) were added into a 

flame-dried round-bottom flask equipped with a stir bar under argon atmosphere. Then dimethyl 

carbonate (14.4 mL, 171.6 mmol) was added, and the mixture was warmed to 60 
o
C. A solution of 

1-indanone (3.78 g, 28.6 mmol) in THF (40 mL) was added dropwise into the flask over 1 h. The 

mixture was refluxed until complete conversion by TLC. After cooled to room temperature, it was 

quenched by 2 M HCl (60 mL). The mixture was extracted with DCM. The combined organic 

phases were dried over Na2SO4, filtered, and concentrated in vacuo. The residue was purified by 

flash column chromatography (petroleum ether /EtOAc = 5/1) to afford the desired compound. 

 

   Methyl 1-indanone-2-carboxylate (1.00 g, 5.26 mmol), the alcohol (10 mL) and dibutyl tin 

oxide (131 mg, 0.526mmol) were dissolved into toluene. The mixture was then refluxed until 

completion of the reaction, and then cooled to room temperature. After concentrated in vacuo, the 

residue was purified by flash column chromatography (petroleum ether /EtOAc = 5/1) to afford the 

desired compound. 

III – General procedure C: Preparation of aldimine 3 

p-Methoxy aniline (4 g, 0.032 mol) and p-toluenesulfonic acid (0.02 g) were added into a 

solution of methyl trifluoroacetaldehyde hemiacetal (5.6 g, 0.0385 mol) in toluene (50 mL). The 

reaction mixture was then refluxed under Ar for 4 hours in Dean-Stark apparatus, and then 

concentrated under reduced pressure. The residue was distillated to give the desired product 3 (5.3 

g) under 5 mmHg at 80 
o
C. 

IV - General procedure D: General procedure for Asymmetric trifluoromethylation of β-keto 

esters 

β-Ketoesters 2 (0.158 mmol , 1 eq) and aldimine 3 (0.189 mmol, 1.2 eq) were dissolved in 

i
Pr2O (2 mL) at 10 

o
C under Ar atmosphere in a flam-dried flask. DIPEA (0.237 mmol, 1.5 eq) and 

thiourea catalyst 1g (9.4 mg, 10 mol%) were added successively. The mixture was stirred at 10 
o
C 

for 72 h. When the reaction was completed, the reaction mixture was concentrated under reduced 
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pressure. The residue was purified by flash column chromatography using mixture of petroleum 

ether: EtOAc:DCM=7:1:1 as eluent to obtain the desired product 4. 



V – Datas, NMR copies and HPLC copies 

Compound 4a: 

 

Compound 4a: 80% yield; white solid; mp: 148-150
ｏ

C;  

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.80~7.78 (d, J = 7.6 Hz, 1H), 7.68~7.64 (t, J = 7.6 Hz 1H), 

7.55~7.53 (d, J = 8 Hz, 1H), 7.43~7.39 (t, J = 7.6 Hz 1H), 6.81 (s, 4H), 5.23~5.15(m, 1H), 

4.07~4.03 (d, J = 17.2 Hz, 1H), 3.76 (s, 3H), 3.71~3.68 (d, J = 11.6 Hz, 1H), 3.56 (s, 3H), 3.43~3.39 

(d, J = 17.2 Hz, 1H);  

13
C NMR (100 MHz, CDCl3): δ (ppm): 196.7, 167.5, 153.7, 152.3, 139.4, 135.8, 133.9, 129.4-120.9 

(q, JC-F = 284.3 Hz), 128.0, 126.4,125.1, 116.1, 114.7, 63.9, 60.9-60.1 (q, JC-F = 27.8 Hz), 55.5, 

53.3, 31.4; 

19
F NMR (376 MHz, CDCl3): δ (ppm): -70.36~ -70.38 (d, J = 6.8 Hz); 

HRMS (ESIMS) caled for C20H18F3NO4 [M + H]
+
 394.1261, found 394.1258. 

IR (thin film, cm
-1

): 3370, 3032, 2961, 1745, 1514, 1465, 1245, 1033, 828, 760; 

HPLC major ee: 84%; minor ee: 88%; dr: 80:20 ; (Chiralpak AD-H, n-hexane/i-PrOH = 90/10, 1 

mL/min, 254 nm, major isomer: t1 = 17.70 min, t2 = 29.28 min; minor isomer: t3 = 11.97 min, t4= 

22.82 min). 



NMR copies of major product of compound 4a 

 

 

1.01.11.1 3.01.01.1 4.1 1.0 1.0 3.1 1.0

pp
m

0.
00

0

3.
38

6

3.
42

9

3.
56

1

3.
67

7

3.
70

6

3.
75

8

4.
03

1

4.
07

4

5.
14

5

5.
16

3

5.
18

1

5.
19

1

5.
20

9

5.
22

7

6.
81

0

7.
26

2

7.
39

4

7.
41

2

7.
43

1

7.
53

0

7.
55

0

7.
63

9

7.
65

7

7.
67

6

7.
77

9

7.
79

8

012345678
ppm

pp
m

31
.3

88

53
.3

06

55
.5

35

60
.0

55

60
.3

34

60
.6

12

60
.8

90

63
.8

90

76
.6

80

77
.0

00

77
.3

16

11
4.

73
5

11
6.

10
7

12
0.

89
0

12
3.

73
7

12
5.

07
1

12
6.

35
9

12
6.

58
0

12
8.

01
3

12
9.

42
3

13
3.

94
3

13
5.

79
1

13
9.

43
1

15
2.

30
9

15
3.

65
1

16
7.

54
6

19
6.

72
8

020406080100120140160180200
ppm



 

 

  

pp
m

-7
0.

37
9

-7
0.

36
1

-180-160-140-120-100-80-60-40-20
ppm



HPLC copies of compound 4a: 

rac Hex/iPrOH 90/10 AD-H 

 

 

4a Hex/iPrOH 90/10 AD-H 

  

 



Compound 4b: 

 

 

 

Compound 4b: 85% yield; white solid; mp: 127-129
ｏ

C; 

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.74~7.72(d, J = 7.6 Hz , 1H), 7.65~7.61(t, J = 7.2 Hz , 1H), 

7.55~7.53(d, J = 7.6 Hz, 1H), 7.39~7.35(t, J = 7.6 Hz , 1H), 6.81~6.75(m, 4H), 5.24~5.16(m, 1H), 

4.26~4.13(m, 2H), 3.98~3.94(d, J = 17.6 Hz, 1H), 3.73(s, 3H), 3.62~3.59(d, J = 11.2 Hz, 1H), 

3.36~3.31(d, J = 17.6 Hz, 1H), 1.26~1.23(t, J = 6.8 Hz , 3H);
  

13
C NMR (100 MHz, CDCl3): δ (ppm): 197.8, 167.1, 153.9, 153.2, 139.7, 135.7, 134.4, 

130.1~124.4(q, JC-F = 285.1 Hz), 127.9, 126.2, 125.1, 116.8, 114.7, 62.6, 62.5, 61.2~60.3 (q, JC-F = 

27.8 Hz), 55.6, 31.6, 13.8; 

19
F NMR (376 MHz, CDCl3): δ (ppm): －70.02~－70.04(d, J = 7.5 Hz); 

HRMS (ESIMS) caled for C21H20F3NO4 [M + H]
+
 408.1417, found 408.1412 

IR (thin film, cm
-1

): 3389.5, 2924.3, 1722.1, 1606.6, 1518.8, 1465.6, 1244.4, 1144.8, 1031.9, 829.2;  

HPLC major ee: 77%; minor ee: 80%; dr: 86:14 (Chiralpak AD-H, n-hexane/i-PrOH = 95/5, 1 

mL/min, 254 nm, major isomer: t1 = 22.26 min; t2 = 28.68 min; minor isomer: t3 = 13.99 min; t4 = 

25.39 min). 



NMR copies of major product of compound 4b:  
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HPLC copies of compound 4b: 

rac Hex/iPrOH 95/5 AD-H 

 

 

4b Hex/iPrOH 95/5 AD-H 

  



Compound 4c: 

 

Compound 4c: 72% yield, white solid; mp: 165-167
ｏ

C; 

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.78~7.76(d, J = 7.2 Hz, 1H), 7.64~7.61(t, J = 7.2 Hz, 1H), 

7.52~7.50(d, J = 7.6 Hz, 1H), 7.40~7.37(t, J = 7.2 Hz, 1H), 6.80(s, 4H), 5.22~5.14(m, 1H), 

4.02~3.98(d, J = 17.2 Hz, 1H), 3.85~3.83(d, J = 10.8 Hz, 1H), 3.75(s, 3H), 3.37~3.32(d, J = 17.2 

Hz, 1H), 1.27(s, 9H); 

 13
C NMR (100 MHz, CDCl3): δ (ppm): 197.0, 165.7, 153.4, 152.5, 139.7, 135.6, 134.1, 129.7~ 

121.1(q, JC-F = 284.7 Hz),127.9, 126.3, 125.0, 115.3, 114.8, 83.6, 64.8, 59.8~58.9(q, JC-F = 28.2 

Hz), 55.7, 31.4, 27.5; 

 
19

F NMR (376 MHz, CDCl3): δ (ppm): －68.77~－68.79(d, J = 6.8 Hz); 

HRMS (ESIMS) caled for C23H24F3NO4 [M + H]
+
 436.1730, found 436.1725 

IR (thin film, cm
-1

): 3784.3, 3431.4, 2921.3, 2851.5, 1718.6, 1513.5, 1462.0, 1244.8, 1150.5, 

1030.6, 839.0, 747.8, 670.0;  

HPLC ee: 76% (Chiralpak AD-H, n-hexane/i-PrOH = 90/10, 1 mL/min, 254 nm, major isomer: t1 = 

10.62 min; minor isomer: t2 = 12.67 min). 



NMR copies of compound 4c: 
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HPLC copies of compound 4c: 

rac Hex/iPrOH 90/10 AD-H 

 

 

 

4c Hex/iPrOH 90/10 AD-H 

 



Compound 4d: 

 

Compound 4d: 81% yield; white solid; mp: 137-139
ｏ

C; 

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.80~7.78(d, J = 7.6 Hz, 1H), 7.68~7.64(t, J = 7.6 Hz, 1H), 

7.56~7.54(d, J = 7.6 Hz, 1H), 7.44~7.40(t, J = 7.6 Hz, 1H), 7.28~7.26(m, 3H), 7.16~7.14(m, 2H), 

6.70(s, 4H), 5.24~5.17(m, 1H), 5.08~5.05(d, J = 12.4 Hz, 1H), 4.90~4.87(d, J = 12.4 Hz, 1H), 

4.09~4.04(d, J = 17.2 Hz, 1H), 3.75(s, 3H),3.68~3.65(d, J = 10.4 Hz, 1H), 3.43~3.39(d, J = 17.2 Hz, 

1H); 

 13
C NMR (100 MHz, CDCl3): δ (ppm): 196.5, 167.0, 153.6, 152.3 139.3, 135.8, 134.7, 134.0, 

128.4, 128.3, 128.1, 126.6~123.8(q, JC-F = 285.4 Hz), 126.4, 125.2, 116.1, 114.7, 68.4, 64.1, 

60.6~59.7(q, JC-F = 27.8 Hz), 55.6, 31.4;
  

19
F NMR (376 MHz, CDCl3): δ (ppm): －77.49~－77.50(d, J = 6.8 Hz); 

HRMS (ESIMS) caled for C26H22F3NO4 [M + H]
+
 470.1574, found 470.1573 

IR (thin film, cm
-1

): 3401.7, 2924.6, 2854.1, 1711.3, 1516.0, 1462.0, 1244.3, 1033.8, 916.1; 

HPLC major ee: 79%; minor ee: 65%; dr: 81:19; (Chiralpak AD-H, n-hexane/i-PrOH = 90/10, 1 

mL/min, 254 nm, major isomer: t1 = 36.96 min, t2 = 43.79 min; minor isomer: t3 = 19.00 min, t4 = 

29.46 min). 



NMR copies of major product of compound 4d: 
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HPLC copies of compound 4d: 

rac Hex/iPrOH 90/10 AD-H 

 

 

4d Hex/iPrOH 90/10 AD-H 

  



Compound 4e: 

 

Compound 4e: 93% yield, white solid; mp: 143-145
ｏ

C; 

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.44~7.42,(d, J = 8.4 Hz, 1H), 7.27~7.24(dd, J = 2 Hz, 8.4 

Hz, 1H), 7.20(s, 1H), 6.81(s, 4H), 5.20~5.12(m, 1H), 3.98~3.94(d, J = 16.8 Hz, 1H), 3.84(s, 3H), 

3.76(s, 3H), 3.66~3.63(d, J = 11.2 Hz, 1H), 3.56(s, 3H), 3.35~3.30(d, J = 16.8 Hz, 1H);
  

13
C NMR (100 MHz, CDCl3): δ (ppm): 196.7, 167.6, 159.9, 153.7, 145.3, 139.4, 135.2, 127.1, 

125.4, 126.6~123.8(q, JC-F = 284.7 Hz), 116.2, 114.8, 106.0, 64.6, 61.0~60.2(q, JC-F = 27.4 Hz), 

55.6, 53.4, 41.0, 30.8;  

19
F NMR (376 MHz, CDCl3): δ (ppm): －69.03~－69.05(d, J = 7.2 Hz);  

HRMS (ESIMS) caled for C21H20F3NO5 [M + H]
+
 424.1366, found 424.1371 

IR (thin film, cm
-1

): 3369.7, 2924.9, 1719.2, 1614.4, 1513.6, 1458.2, 1238.4, 1030.2, 826.0, 

726.3,667.8  

HPLC major ee: 76%; minor ee: 84%; dr: 81:19; (Chiralpak AD-H, n-hexane/i-PrOH = 90/10, 1 

mL/min, 254 nm, major isomer: t1 = 30.36 min, t2 = 36.38 min; minor isomer: t3 = 16.85 min, t4 = 

25.68 min). 



NMR copies of major product of compound 4e:
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HPLC copies of compound 4e: 

rac Hex/iPrOH 90/10 AD-H 

 

 

 

4e Hex/iPrOH 90/10 AD-H 

 



Compound 4f: 

 

Compound 4f: 82% yield; white solid; mp: 140-141
ｏ

C; 

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.58(s, 1H), 7.46~7.44(d, J = 7.6 Hz,  1H), 7.40~7.38(d, J = 

7.6 Hz , 1H), 7.26~7.25(m, 3H), 7.15~7.14(m, 2H), 6.70(s, 4H), 5.22~5.17(m, 1H), 5.07~5.04(d, J 

= 12.4 Hz, 1H), 4.89~4.86(d, J = 12.4 Hz, 1H), 4.02~3.98(d, J = 17.2 Hz, 1H), 3.75~3.71(m, 4H), 

3.37~3.33(d, J = 17.2 Hz, 1H), 2.38(s, 3H); 

 13
C NMR (100 MHz, CDCl3): δ (ppm): 196.5, 167.1, 153.6, 149.8, 139.4, 138.1, 137.1, 134.8, 

134.2, 129.5~121.0(q, JC-F = 285.1 Hz), 128.4, 128.2, 128.1, 126.0, 125.0, 116.0, 114.7, 68.3, 64.4, 

60.6~59.8(q, JC-F = 27.8 Hz), 55.6, 31.1, 21.0;  

 19
F NMR (376 MHz, CDCl3): δ (ppm): －68.71~－68.73(d, J = 6.8 Hz); 

HRMS (ESIMS) caled for C27H24F3NO4 [M + H]
+
 484.1730, found 484.1726 

IR (thin film, cm
-1

): 3427.0, 3365.8, 3037.0, 1714.9, 1620.8, 1511.2, 1454.3, 1278.8, 1232.7, 

1155.5, 1037.7, 820.4;  

IR (neat) ν (cm
-1

) 2961, 1627, 1601, 1509, 1384, 1329, 1203, 1176, 1108, 1021, 965, 853, 771, 758, 

731, 691. 

HPLC major ee: 86%; minor ee: 47%; dr:87:13 (Chiralpak AD-H, n-hexane/i-PrOH = 90/10, 1 

mL/min, 254 nm, major isomer: t1 = 20.44 min, t2 = 30.42 min; minor isomer: t3 = 26.74 min, t4 = 

46.56 min). 

 



NMR copies of major product of compound 4f: 
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HPLC copies of compound 4f: 

rac Hex/iPrOH 90/10 AD-H 

 

 

 

4f Hex/iPrOH 90/10 AD-H 

 



Compound 4g: 

 

Compound 4g: 78% yield; yellow solid; mp: 128-130
ｏ

C; 

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.65~7.63(d, J = 8.4 Hz, 1H), 7.53(s, 1H),  7.36~7.34(d, J = 

8.4 Hz , 1H), 6.81~6.75(m, 4H), 5.23~5.15(m, 1H), 3.97~3.93(d, J = 18.0 Hz, 1H), 3.75(s, 3H), 

3.73(s, 3H), 3.56~3.53(d, J = 10.8 Hz, 1H), 3.33~3.29(d, J = 17.6 Hz, 1H);
  

13
C NMR (100 MHz, CDCl3): δ (ppm): 196.2, 167.3, 154.6, 154.1, 142.5, 139.5, 132.8, 

129.9~121.4(q, JC-F = 284.7 Hz), 128.9, 126.6, 126.2, 123.1, 116.9, 114.7, 62.8, 61.2~60.4(q, JC-F = 

27.4 Hz), 55.6, 53.5, 31.2;
  

19
F NMR (376 MHz, CDCl3): δ (ppm): －70.37~－70.38(d, J = 6.0 Hz);  

HRMS (ESIMS) caled for C20H17ClF3NO4 [M + H]
+
 428.0871, found 428.0868 

IR (thin film, cm
-1

): 3432.2, 2923.1, 1719.1, 1514.6, 1447.5, 1246.1, 1178.4, 1030.5, 825.1, 670.3;  

HPLC major ee: 30%; minor ee: 35%; dr: 73:27; (Chiralpak OD-H, n-hexane/i-PrOH = 99/1, 25 
o
C, 

1 mL/min, 254 nm, major isomer: t1 = 31.49 min, t2 = 43.86 min; minor isomer: t3 = 23.47 min, t4 = 

27.40 min). 



NMR copies of major product of compound 4g:  
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HPLC copies of compound 4g: 

rac Hex/iPrOH 99/1 OD-H 

 

                    

4g Hex/iPrOH 99/1 OD-H 

  



Compound 4h: 

 

Compound 4h: 85% yield; pale solid; mp: 155-157
ｏ

C; 

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.72(s, 1H), 7.57~7.55(d, J = 8.0 Hz, 1H), 7.52~7.50(d, J = 

8.0 Hz , 1H), 6.81~6.75(m, 4H), 5.23~5.15(m, 1H), 3.98~3.93(d, J = 18.0 Hz, 1H), 3.75(s, 3H), 

3.73(s, 3H), 3.56~3.53(d, J = 11.2 Hz, 1H), 3.34~3.29(d, J = 18.0 Hz, 1H);
  

13
C NMR (100 MHz, CDCl3): δ (ppm): 196.5, 167.2, 154.7, 154.1, 139.4, 133.2, 131.7, 131.4, 

129.9~124.2(q, JC-F = 285.8 Hz), 129.7, 126.2, , 116.9, 114.7, 62.7, 61.2~60.4(q, JC-F =27.4 Hz), 

55.6, 53.5, 31.1;
  

19
F NMR (376 MHz, CDCl3): δ (ppm): －70.39~－70.41(d, J = 7.5 Hz);  

IR (thin film, cm
-1

): 3439.1, 3382.9, 2950.1, 1720.4, 1595.8, 1513.1, 1244.5, 1144.0, 1028.1, 826.3, 

673.9; 

HRMS (ESIMS) caled for C20H17BrF3NO4 [M + H]
+
 472.0366, found 472.0367 

HPLC major ee: 25%; minor ee: 10%; dr: 59:41; (Chiralpak AD-H, n-hexane/i-PrOH = 90/10, 25 

o
C, 1 mL/min, 254 nm, major isomer: t1 = 22.71 min, t2 = 29.57 min; minor isomer: t3 = 13.80 min, 

t4 = 32.36 min). 



NMR copies of major product of compound 4h: 
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 HPLC copies of compound 4h: 

 rac Hex/iPrOH 90/10 AD-H 

 

4h Hex/iPrOH 90/10 AD-H 

 



Compound 4i: 

 

Compound 4i: 80% yield; violet solid; mp: 176-178
ｏ

C; 

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.73~7.71(d, J = 8.4 Hz, 1H), 7.54(s, 1H), 7.41~7.39(d, J = 

8.4 Hz, 1H), 7.29~7.24(m, 3H), 7.16~7.14(m, 2H), 6.70(s, 4H), 5.23~5.14(m, 1H), 5.08~5.05(d, J = 

12.4 Hz, 1H), 4.90~4.87(d, J = 12.4 Hz, 1H), 4.07~4.02(d, J = 17.6 Hz, 1H), 3.75(s, 3H), 

3.65~3.62(d, J = 11.6 Hz, 1H), 3.41~3.36(d, J = 17.2 Hz, 1H); 

 13
C NMR (100 MHz, CDCl3): δ (ppm): 195.1, 166.7, 153.7, 142.6, 139.1, 134.5, 132.4, 129.0, 

128.5, 128.4, 128.2, 126.7, 126.2, 116.1, 114.7, 68.6, 64.3, 60.5-59.7(q, JC-F = 28.2 Hz), 55.6, 31.1;
  

19
F NMR (376 MHz, CDCl3): δ (ppm): －68.75~－68.77(d, J = 6.8 Hz); 

HRMS (ESIMS) caled for C26H21ClF3NO4 [M + H]
+
 504.1184, found 504.1178 

IR (thin film, cm
-1

): 3399.6, 2926.5, 1708.8, 1600.9, 1520.5, 1459.1, 1243.6, 1180.2, 1151.3, 

1034.4, 908.6, 830.2, 750.6, 697.7;  

HPLC major ee: 81%; minor ee: 65%; dr: 72:28; (Chiralpak AD-H, n-hexane/i-PrOH = 98/2, 1 

mL/min, 254 nm, major isomer: t1 = 100.05 min, t2 = 181.44 min; minor isomer: t3= 47.29 min, t4 = 

91.09 min). 



NMR copies of major product of compound 4i:  
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HPLC copies of compound 4i: 

rac Hex/iPrOH 98/2 AD-H 

 

4i Hex/iPrOH 98/2 AD-H 

  

  



Compound 4n: 

 

Compound 4n: 83% yield; white solid; mp: 185-186
ｏ

C; 

1
H NMR (600 MHz, CDCl3): δ (ppm): 7.72~7.71 ( d, J = 7.2 Hz, 1H), 7.66~7.63 ( t, J = 7.2 Hz 1H), 

7.55~7.54 ( d, J = 7.8 Hz, 1H), 7.40~7.37 ( t, J = 7.8 Hz 1H), 7.14~7.12 ( d, J = 7.8 Hz, 2H), 

6.75~6.73 ( d, J = 8.4 Hz, 2H), 5.28~5.23 ( m, 1H), 3.96~3.93 (m, 2H), 3.74 ( s, 3H), 3.38~3.35 ( d, 

J = 17.4 Hz, 1H); 

 13
C NMR (100 MHz, CDCl3): δ (ppm): 197.6, 167.5, 153.0, 144.2, 136.0, 134.2, 129.7~124.0 ( q, 

JC-F = 284), 129.2, 128.2, 126.3, 125.2, 124.9, 115.9, 62.1, 59.6~58.7 ( q, JC-F = 28.2), 53.5, 31.6; 

 19
F NMR (376 MHz, CDCl3): δ (ppm): －70.49~－70.51 ( d, J = 7.1 Hz);; 

HRMS (ESIMS) caled for C19H15ClF3NO3Na [M + Na]
+
 420.0585, found 420.0589; 

IR (thin film, cm
-1

): 3393, 3042, 1740, 1603, 1493, 1435, 1284, 876, 762;  

HPLC major ee: 94%; minor ee: 42%; dr: 97:3; (Chiralpak AD-H, n-heptane/i-PrOH = 90/10, 1 

mL/min, 254 nm, major isomer: t1 = 8.50 min, t2= 13.37 min; minor isomer: t3 = 12.22 min, t4= 

28.50 min). 

  



NMR copies of major product of compound 4n: 
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HPLC copies of compound 4n: 

rac n-Hept/iPrOH 90/10 AD-H 

 

4n n-Hept/iPrOH 90/10 AD-H 

 

  



Compound 4o: 

 

Compound 4o: 95% yield; white solid; mp: 194-196
ｏ

C;; 

1
H NMRδ (ppm): 7.72~7.71 ( d, J = 7.8 Hz, 1H), 7.66~7.63 ( t, J = 7.8 Hz 1H), 7.55~7.53 ( d, J = 

7.8 Hz, 1H), 7.40~7.37 ( t, J = 7.8 Hz 1H), 7.27~7.26 ( d, J = 8.4 Hz, 2H), 6.70~6.68 ( d, J = 9.0 Hz, 

2H), 5.29~5.23 ( m, 1H), 4.00~3.98 ( d, J = 10.8 Hz, 1H), 3.96~3.93 ( d, J = 17.4 Hz, 1H), 3.73 ( s, 

3H), 3.38~3.35 ( d, J = 17.4 Hz, 1H); 

 13
C NMR (150 MHz, CDCl3): δ (ppm): 197.6, 167.5, 153.0, 144.7, 136.0, 134.2, 132.0, 128.2, 

126.3, 125.2, 123.5 ( q, JC-F = 284.4), 116.3, 115.8, 112.0, 62.0, 59.3~58.7 ( q, JC-F = 28.2), 53.5, 

31.7;; 

 19
F NMR (376 MHz, CDCl3): δ (ppm): -70.48~ -70.49 (d, J = 6.8 Hz); 

HRMS (ESIMS) caled for C19H15BrF3NO3Na [M + Na]
+
 464.0079, found 464.0096; 

IR (thin film, cm
-1

): 3389, 3040, 2951, 1738, 1598, 1526, 1491, 1225, 1156, 1127, 822, 761; 

HPLC major ee: 94%; minor ee: 90%; dr: 85:15; (Chiralpak AD-H, n-heptane/i-PrOH = 90/10, 1 

mL/min, 254 nm, major isomer: t1 = 12.70 min, t2= 28.50 min; minor isomer: t3 = 9.35 min, t4= 

14.30 min). 

  



NMR copies of major product of compound 4o: 
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HPLC copies of compound 4o: 

rac n-Hept/iPrOH 90/10 AD-H 

 

4o n-Hept/iPrOH 90/10 AD-H 

 




