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General. NMR spectra were recorded on Unity Inova-400 instrument (Varian Inc., 

400 MHz for 
1
H, 100 MHz for 

13
C) using CDCl3 as a solvent.  Tetramethylsilane 

(TMS) (! = 0) or CHCl3 (! = 7.27) served as an internal standard for 
1
H NMR, and 

CDCl3 was used as an internal standard (! = 77.0) for 
13

C NMR.  Purification of the 

products was performed by column chromatography on silica gel (Fuji sylisia D60L 

or PSQ-60B) or preparative TLC on silica gel (Wako gel B-5F). All solvents were 

purified according to the standard procedures. 
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1. Examination of reaction conditions. 

 

+

x mol % cat. 5h
NPMP

N
H

S

solvent

50 ˚C

NHPMP

0.1 M1a 3d (a eq.) 2a  

 

entry solvent a eq x mol % time (h) yield (%)
a
 ee (%)

b
 

1 toluene 2.0 10 22 89 97 

2 benzene 2.0 10 21 85 97 

3 mesitylene 2.0 10 21 90 98 

4 (CH2Cl)2 2.0 10 21 81 92 

5 mesitylene 1.4 10 24 92 98 

6 mesitylene 1.4 5 24 93 98 
7 mesitylene 1.4 2 26 90 98 

a
 isolated yield. 

b
 enatiomeric excess determined by chiral HPLC analysis. 

 

 

2. General procedure for the preparation of benzothiazolines 3a-3f. 

 

A mixture of 10 mmol of aldehyde and 10.5 mmol of o-aminothiophenol in 40 mL 

of ethanol was stirred under nitrogen for about 3 hours at room temperature, until 

starting material aldehyde had been consumed monitoring by TLC.  The reaction 

mixture was concentrated.  For benzothiazolines 3a-3e, the products were purified 

by recrystallization from ethanol while the benzothiazolines 3f were purified by flash 

column chromatography. 

 

Compound 3a
1
 

White solid. 
1
H NMR (400 MHz, CDCl3): ! 4.05 (brs, 1H), 6.36 

(s, 1H), 6.62-6.68 (m, 1H), 6.73-6.79 (m, 1H), 6.91-6.98 (m, 

1H), 7.02-7.06 (m, 1H), 7.31-7.39 (m, 3H), 7.50-7.56 (m, 2H); 
13

C NMR (100 MHz, CDCl3): ! 70.0, 109.8, 120.7, 121.6, 125.5, 

126.6, 128.7, 128.8, 129.0, 141.6, 146.2. 

 

Compound 3b
1
 

White solid. 
1
H NMR (400 MHz, CDCl3): ! 3.80 (s, 3H), 

6.35 (s, 1H), 6.63 (dd, J1 =0.8 Hz, J2 =7.6 Hz, 1H), 6.75 

(ddd, J1 =0.8 Hz, J2 =7.6 Hz, J3 =7.6 Hz, 1H), 6.86-6.88 

(m, 2H), 6.93 (ddd, J1 =0.8 Hz, J2 =7.6 Hz, J3 =7.6 Hz, 

1H), 7.03 (ddd, J1 =0.8 Hz, J2 =7.6 Hz, J3 = 7.6 Hz, 1H), 7.46-7.49 (m, 2H). 
13

C NMR 

(100 MHz, CDCl3): ! 55.3, 69.9, 109.7, 114.0, 120.6, 121.6, 125.4, 126.8, 128.0, 

133.5, 146.2, 160.0. 
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Compound 3c
1
 

Yellow solid. 
1
H NMR (400 MHz, CDCl3): ! 4.40 (brs, 

1H), 6.42 (s, 1H), 6.74 (d, J =7.6 Hz, 1H), 6.80 (dd, J1 

=7.6 Hz, J2 =7.6 Hz, 1H), 6.98 (dd, J1 =7.6 Hz, J2 =7.6 Hz,  

1H), 7.03 (d, J =7.6 Hz, 1H), 7.67 (d, J =6.4 Hz, 2H), 8.18 

(d, J =6.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): ! 68.2, 110.5, 121.4, 121.8, 124.0, 

125.9, 127.2, 145.7, 147.8, 149.2. 

 

Compound 3d
2
 

White solid. 
1
H NMR (400 MHz, CDCl3): ! 6.56 (s, 1H), 

6.70 (d, J =7.6 Hz, 1H), 6.78 (dd, J1 =7.6 Hz, J2 =7.6 Hz, 

1H), 6.97 (dd, J1 =7.6 Hz, J2 =7.6 Hz, 1H), 7.07 (d, J =7.6 

Hz, 1H), 7.48-7.50 (m, 2H), 7.73-7.75 (m, 1H), 7.81-7.88 

(m, 4H); 
13

C NMR (100 MHz, CDCl3): ! 70.2, 109.8, 120.7, 121.7, 124.4, 125.4, 

125.6, 126.4, 126.5, 126.6, 127.8, 128.1, 128.9, 133.0, 133.6, 138.8, 146.3. 

 

Compound 3e
3
 

White solid. 
1
H NMR (400 MHz, CDCl3): ! 4.30 (brs, 1H), 

6.70-6.81 (m, 2H), 6.97 (ddd, J1 =1.2 Hz, J2 =7.6 Hz, J3 =7.6 Hz,  

1H), 7.05 (s, 1H), 7.04-7.08 (m, 1H), 7.39-7.60 (m, 3H), 7.80 (d, 

J =8.4 Hz, 1H), 7.84-7.92 (m, 2H), 8.02 (d, J =8.4 Hz, 1H); 
13

C 

NMR (100 MHz, CDCl3): ! 66.8, 110.2, 120.8, 122.0, 122.8, 123.8, 125.4, 125.5, 

125.9, 126.6, 126.7, 129.0, 130.1, 133.9, 136.5, 146.5. 

 

Compound 3f
4
 

Pale yellow oil. 
1
H NMR (400 MHz, CDCl3): ! 0.96 (t, J =7.6 Hz, 

3H), 1.41-1.51 (m, 2H), 1.84-1.92 (m, 2H), 5.28 (t, J =6.8 Hz, 

1H), 6.65 (dd, J1 =1.2 Hz, J2 =7.6 Hz, 1H), 6.74 (ddd, J1 =1.2 Hz, 

J2 =7.6 Hz, J3 =7.6 Hz, 1H), 6.90 (ddd, J1 =0.8 Hz, J2 =7.6 Hz, J3 

=7.6 Hz, 1H), 7.05-7.07 (m, 1H);
 13

C NMR (100 MHz, CDCl3): ! 13.7, 19.3, 40.6, 

68.5, 110.9, 120.9, 121.9, 125.1, 127.6, 146.5. 

 

 

 

 

2. General procedure for the transfer hydrogenation. 

 

A 10 mL Schlenck flask was charged with 0.1 mmol ketimine, 0.14 mmol 

benzothiazoline and 0.002 mmol phosphoric acid (2 mol%).  After addition of 1 mL 

mesitylene, the reaction mixture was heated to 50 ˚C under nitrogen for 20-30 hours 

and monitored by TLC.  Upon completion, the reductive product was purified by 

flash column chromatography. 
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Compound 2a
5
 

eluted from silica gel using hexane/ethyl acetate 15/1 as 

eluent. 90% yield, 98% ee; 
1
H NMR (400 MHz, CDCl3): ! 

1.50 (d, J =6.8 Hz, 3H), 3.69 (s, 3H), 4.41 (q, J =6.8 Hz, 1H), 

6.45-6.50 (m, 2H), 6.66-6.71 (m, 2H), 7.20-7.24 (m, 1H), 

7.29-7.37 (m, 4H); 
13

C NMR (100 MHz, CDCl3): ! 25.0, 

54.3, 55.7, 114.7, 114.8, 125.9, 126.8, 128.6, 141.4, 145.4, 

152.0; HPLC conditions: CHIRALCELL
®
 OD-H column, hexane/2-propanol = 98/2, 

flow rate = 0.6 mL min
-1

, major enantiomer: tR = 20.81 min; minor enantiomer: tR = 

23.87 min. [!]D
15 

+8.5 (c 0.87, CHCl3). 

 

Compound 2b
5
 

eluted from silica gel using hexane/ethyl acetate 14/1 as 

eluent. 96% yield, 98% ee; 
1
H NMR (400MHz, CDCl3): 

! 1.57 (d, J =6.8 Hz, 3H), 3.67 (s, 3H), 4.56 (q, J =6.8 

Hz, 1H), 6.50-6.56 (m, 2H), 6.65-6.70 (m, 2H), 

7.40-7.52 (m, 3H), 7.78-7.82 (m, 4H); 
13

C NMR (100 

MHz, CDCl3): ! 25.1, 54.6, 55.7, 114.8, 124.3, 124.4, 

125.5, 125.9, 127.6, 127.8, 128.4, 132.7, 133.6, 141.4, 142.9, 152.0; HPLC conditions: 

CHIRALCELL
®
 OD-H column, hexane/2-propanol = 90/10, flow rate = 0.5 mL min

-1
, 

major enantiomer: tR = 21.16 min; minor enantiomer: tR = 25.00 min. [!]D
16

 +11.1 (c 

1.32, CHCl3). 

 

Compound 2c
5
 

eluted from silica gel using hexane/ethyl acetate 15/1 as 

eluent. 90% yield, 97% ee; 
1
H NMR (400 MHz, CDCl3): 

! 1.46 (d, J =6.8 Hz, 3H), 3.69 (s, 3H), 4.37 (q, J =6.8 

Hz, 1H), 6.41-6.46 (m, 2H), 6.66-6.71 (m, 2H), 

7.22-7.32 (m, 4H); 
13

C NMR (100 MHz, CDCl3): ! 25.1, 

53.8, 55.7, 114.6, 114.7, 127.3, 128.7 132.3, 141.1, 144.0, 

152.1; HPLC conditions: CHIRALCELL
®
 OD-H column, hexane/2-propanol = 97/3, 

flow rate = 0.5 mL min
-1

, major enantiomer: tR = 28.08 min; minor enantiomer: tR = 

33.44 min. [!]D
18 

 +8.9 (c 1.16, CHCl3). 

 

Compound 2d
5
 

eluted from silica gel using hexane/ethyl acetate 15/1 as 

eluent. 92% yield, 98% ee; 
1
H NMR (400 MHz, CDCl3): 

! 1.46 (d, J =6.8 Hz, 3H), 3.69 (s, 3H), 4.38 (q, J =6.8 Hz, 

1H), 6.42-6.46 (m, 2H), 6.67-6.71 (m, 2H), 6.94-7.02 (m, 

2H), 7.29-7.35 (m, 2H); 
13

C NMR (100 MHz, CDCl3): ! 

25.2, 53.7, 55.7, 114.6, 114.7, 115.3 (d, JC-F =21.0 Hz), 

127.3 (d, JC-F =8.0 Hz), 141.1 (d, JC-F =3.0 Hz), 141.3, 152.0, 161.7 (d, JC-F =242.9 

Hz); HPLC conditions: CHIRALCELL
®
 OD-H column, hexane/2-propanol = 97/3, 

flow rate = 0.5 mL min
-1

, major enantiomer: tR = 25.99 min; minor enantiomer: tR = 

HN

OMe

Cl

HN

OMe

F

HN

OMe

HN

OMe
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30.07 min. [!]D
18

 –23.7 (c 1.10, CHCl3). 

 

Compound 2e
5
 

eluted from silica gel using hexane/ethyl acetate 15/1 as 

eluent. 93% yield, 98% ee; 
1
H NMR (400 MHz, CDCl3): ! 

1.47 (d, J =6.8 Hz, 3H), 2.31 (s, 3H), 3.68 (s, 3H), 4.37 (q, 

J =6.8 Hz, 1H), 6.42-6.50 (m, 2H), 6.66-6.70 (m, 2H), 

7.11 (d, J =7.6 Hz, 2H), 7.24 (d, J =7.6 Hz, 2H); 
13

C NMR 

(100 MHz, CDCl3): ! 21.0, 25.1, 53.9, 55.7, 114.5, 114.7, 

125.8, 129.2, 136.3, 141.6, 142.4, 151.8; HPLC conditions: CHIRALCELL
®
 OD-H 

column, hexane/ 2-propanol = 98/2, flow rate = 0.5 mL min
-1

, major enantiomer: tR = 

21.75 min; minor enantiomer: tR = 24.79 min. [!]D
18 

+ 7.7 (c 1.05, CHCl3). 

 

Compound 2f
5
 

eluted from silica gel using hexane/ethyl acetate 14/1 

as eluent. 84% yield, 98% ee; 
1
H NMR (400 MHz, 

CDCl3): ! 1.46 (d, J =6.8 Hz, 3H), 3.68 (s, 3H), 3.77 (s, 

3H), 4.36 (q, J =6.8 Hz, 1H), 6.45-6.50 (m, 2H), 

6.67-6.71 (m, 2H), 6.82-6.86 (m, 2H), 7.25-7.30 (m, 

2H); 
13

C NMR (100 MHz, CDCl3): ! 25.0, 53.6, 55.2, 

55.7, 113.9, 114.6, 114.7, 126.9, 137.4, 141.6, 151.8, 158.4; HPLC conditions: 

CHIRALCELL
®
 OD-H column, hexane/2-propanol = 95/5, flow rate = 0.5 mL min

-1
, 

major enantiomer: tR = 23.66 min; minor enantiomer: tR = 26.99 min. [!]D
17

 + 24.2 (c 

1.05, CHCl3). 

 

Compound 2g
6
 

eluted from silica gel using hexane/ethyl acetate 6/1 as 

eluent. 87% yield, 98% ee; 
1
H NMR (400 MHz, 

CDCl3): ! 1.48 (d, J =6.4 Hz, 3H), 3.69 (s, 3H), 3.85 (s, 

3H), 3.87 (s, 3H), 4.34 (q, J =6.4 Hz, 1H), 6.47-6.51 

(m, 2H), 6.67-6.72 (m, 2H), 6.79-6.83 (m, 1H), 

6.88-6.92 (m, 2H); 
13

C NMR (100 MHz, CDCl3): ! 

25.0, 54.2, 55.7, 55.8, 55.8, 109.1, 111.2, 114.6, 114.7, 117.7, 138.0, 141.5, 147.7, 

149.1, 152.0; HPLC conditions: CHIRALPAK
®
 AS-H column, hexane/2-propanol = 

90/10, flow rate = 0.5 mL min
-1

, major enantiomer: tR = 41.73 min; minor enantiomer: 

tR = 32.80 min. [!]D
17

 –16.0 (c 0.72, CHCl3). 

 

Compound 2h
5
 

eluted from silica gel using hexane/ethyl acetate 8/1 as 

eluent. 86% yield, 95% ee; 
1
H NMR (400 MHz, 

CDCl3): ! 1.52 (d, J =6.8 Hz, 3H), 3.68 (s, 3H), 4.49 (q, 

J =6.8 Hz, 1H), 6.39-6.43 (m, 2H), 6.67-6.71 (m, 2H), 

7.53 (dd, J1 =2.0 Hz, J2 =8.8 Hz, 2H), 8.16 (dd, J1 =2.0 

Hz, J2 =8.8 Hz, 2H);
 13

C NMR (100 MHz, CDCl3): ! 

HN
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MeO
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24.9, 54.1, 55.6, 114.6, 114.8, 124.0, 126.7, 140.5, 147.0, 152.3, 153.3; HPLC 

conditions: CHIRALPAK
®
 AD-H column, hexane/2-propanol = 90/10, flow rate = 

0.5 mL min
-1

, major enantiomer: tR = 44.15 min; minor enantiomer: tR = 37.40 min. 

[!]D
18 

+ 22.6 (c 0.92, CHCl3). 

 

Compound 2i
7
 

eluted from silica gel using hexane/ethyl acetate 6/1 as 

eluent. 97% yield, 97% ee; 
1
H NMR (400 MHz, 

CDCl3): ! 1.53 (d, J =6.8 Hz, 3H), 3.69 (s, 3H), 4.50 (q, 

J =6.8 Hz, 1H), 6.41-6.45 (m, 2H), 6.67-6.71 (m, 2H), 

7.47 (dd, J1 =8.0 Hz, J2 =8.0 Hz, 1H), 7.70-7.74 (m, 

1H), 8.07-8.10 (m, 1H), 8.24 (s, 1H); 
13

C NMR (100 

MHz, CDCl3): ! 25.0, 53.9, 55.6, 114.6, 114.8, 121.0, 122.0, 129.6, 132.2, 140.6, 

148.0, 148.7, 152.3; HPLC conditions: CHIRALCELL
®
 OD-H column, 

hexane/2-propanol = 90/10, flow rate = 0.6 mL min
-1

, major enantiomer: tR = 30.67 

min; minor enantiomer: tR = 38.84 min.  [!]D
13

 –21.5 (c 1.31, CHCl3). 

 

Compound 2j
5
 

eluted from silica gel using hexane/ethyl acetate 20/1 as 

eluent. 80% yield, 98% ee; 
1
H NMR (400 MHz, CDCl3): ! 

1.02-1.28 (m, 5H), 1.08 (d, J =6.4 Hz, 3H), 1.39-1.47 (m, 

1H), 1.65-1.82 (m, 5H), 3.22 (q, J =5.6 Hz, 1H), 3.73 (s, 3H), 

6.54 (d, J =8.0 Hz, 2H), 6.76 (d, J =8.0 Hz, 2H); 
13

C NMR 

(100 MHz, CDCl3): ! 17.3, 26.3, 26.5, 26.6, 28.2, 29.8, 42.8, 

54.1, 55.8, 114.5, 114.9, 142.2, 151.6; HPLC conditions: CHIRALCELL
®
 OD-H 

column, hexane/ 2-propanol = 99/1, flow rate = 0.5 mL min
-1

, major enantiomer: tR = 

14.55 min; minor enantiomer: tR = 16.21 min. [!]D
19

 –19.7 (c 0.20, CHCl3). 

 

Compound 2k
5
 

eluted from silica gel using hexane/ethyl acetate 20/1 as eluent. 

92% yield, 98% ee; 
1
H NMR (400 MHz, CDCl3): ! 1.50 (d, J =6.8 

Hz, 3H), 4.07 (brs, 1H), 4.47 (q, J =6.8 Hz, 1H), 6.50 (d, J =8.4 Hz, 

2H), 6.60-6.66 (m, 1H), 7.04-7.12 (m, 2H), 7.18-7.24 (m, 1H), 

7.26-7.38 (m, 4H);
 13

C NMR (100 MHz, CDCl3): ! 24.9, 53.5, 

113.3, 117.2, 125.8, 126.8, 128.6, 129.1, 145.1, 147.2; HPLC 

conditions: CHIRALCELL
®
 OD-H column, hexane/2-propanol = 98/2, flow rate = 

0.5 mL min
-1

, major enantiomer: tR = 23.79 min; minor enantiomer: tR = 19.43 min. 

[!]D
18

 –12.0 (c 0.23, CH3OH). 

 

Compound 2l
7
 

eluted from silica gel using hexane/ethyl acetate 20/1 as eluent. 

93% yield, 97% ee; 
1
H NMR (400MHz, CDCl3): ! 1.43 (d, J 

=6.8 Hz, 3H), 4.10 (brs, 1H), 4.35 (q, J =6.8 Hz, 1H), 6.28-6.32 

(m, 2H), 7.05-7.09 (m, 2H), 7.13-7.18 (m, 1H), 7.20-7.27 (m, 

HN

OMe

O2N

HN

OMe

HN

HN

Br
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4H); 
13

C NMR (100 MHz, CDCl3): ! 24.9, 53.5, 108.9, 114.9, 125.7, 127.0, 128.7, 

131.7, 144.5, 146.0; HPLC conditions: CHIRALCELL
®
 OD-H column, 

hexane/2-propanol = 98/2, flow rate = 0.5 mL min
-1

, major enantiomer: tR = 21.86 

min; minor enantiomer: tR = 29.19 min. [!]D
15

 +7.6 (c 0.53, CHCl3). 
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