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I. General remarks 
 
All reactions were performed in the nitrogen-filled glovebox or under nitrogen using standard 
Schlenk techniques unless otherwise noted. Column chromatography was performed using 
Sorbent silica gel 60 (230 – 450 mesh). 1H NMR, and 13C NMR spectral data were obtaineded 
from Bruker 400 MHz spectrometers. Chemical shifts are reported in ppm. Enantiomeric excess 
values were determined by chiral HPLC on an Agilent 1200 Series instrument. All new products 
were further characterized by HRMS. A positive ion mass spectrum of sample was acquired on a 
Micromass 70-VSE mass spectrometer with an electron ionization source.. 
 
 
II. General Procedure for Asymmetric Hydrogenation.  
 
Typical reductive amination procedure: In a nitrogen-filled glovebox, ketone (0.22 mmol), 4Ǻ 
molecular sieves (0.2 g), p-toluenesulfonic acid (0.02 mmol) and phenylhydrazide (0.20 mmol) 
were stirred in anhydrous CH2Cl2 (0.5 mL) and MeOH (0.5 mL) for 10 min in a vial. Then 
[Ir(COD)f-Binaphane]Cl (0.002 mmol) in situ generated (from [Ir(COD)Cl]2 and f-Binaphane 
stirred in CH2Cl2 for 15 min) was added to this vial, followed by I2 (5.1 mg, 0.02 mmol). The total 
solution was made to 2.0 mL at a MeOH / CH2Cl2 ratio of 1:1. The resulting vial was transferred 
to an autoclave, which was charged with 50 atm of H2, and stirred at room temperature for 24 h. 
The hydrogen gas was released slowly and the solution was concentrated and passed through a 
short column of silica gel to remove the metal complex and molecular sieve. The product was then 
analyzed by chiral HPLC to determine the enantiomeric excesses. 
 
 
 
 

 

(R)- N'-(1-phenylethyl)benzohydrazide (3a): [1] white solid (95% yield, 94 % ee). [α]20D  

+167.2 (c = 1 in CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.22-7.76 (m, 11H), 4.22 (q, J=6.6 

Hz, 1H), 1.41 (d, J=6.6 Hz, 2H). 
13
C NMR (100 MHz, CDCl3) δ 167.3, 143.1, 133.0, 131.8, 

128.6, 127.6, 127.3, 126.8, 60.1, 22.7. Enantiomeric excess was determined by HPLCusing 
Chiralcel OJ-H column, Hex/IPA=90:10, 1 mL/min. 



 

 
 

 

 

 

(+)- N'-(1-(p-tolyl)ethyl)benzohydrazide (3b): white solid (94% yield, 96 % ee). [α]20D  

+164.6 (c = 0.25 in CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.61 (d, J=7.2 Hz, 2H), 

7.38-7.53 (m, 4H), 7.28 (d, J=8 Hz, 2H), 7.10 (d, J=7.2 Hz, 2H), 4.18 (q, J=6.6 Hz, 1H), 

2.33 (s, 3H), 1.41 (d, J=6.6 Hz, 2H).
 13
C NMR (100 MHz, CDCl3) δ 167.2, 140.1, 137.2, 

133.0, 131.7, 129.3,128.6, 127.1, 126.8, 59.8, 21.2, 21.1. EI-HRMS: 255.1499 

(Calculated for C16H19N2O
+
([M+H]

+
): 255.1497). Enantiomer ratio was determine by HPLC 



using a Chiralcel OJ-H column, Hex/IPA=90:10, 1 mL/min. 
 

 
 

 

 
 



 
(R)- N'-(1-(4-methoxyphenyl)ethyl)benzohydrazide (3c): [1] light yellow oil (92% yield, 98 % 

ee). [α]20D  +148.3 (c = 1 in CHCl3); 1H NMR (400 MHz, CDCl3)δ 7.61 (d, J=7.2 Hz, 2H), 

7.40 (m, 1H), 7.32 (m, 2H), 7.28 (d, J=7.2 Hz, 2H), 6.82 (d, J=7.2 Hz, 2H), 4.18 (q, J=6.6 

Hz, 1H), 3.79 (s, 3H), 1.40 (d, J=6.6 Hz, 2H).
 13
C NMR (100 MHz, CDCl3) δ 166.2, 158.1, 

134.0, 132.0, 130.7, 128.0, 127.8, 125.8, 113.0, 58.4, 54.3, 20.2. Enantiomer ratio was 
determine by HPLC using a Chiralcel OJ-H column, Hex/IPA=90:10, 1 mL/min. 
 

 

 



 

 

 

 

 
(+)-N'-(1-(4-fluorophenyl)ethyl)benzohydrazide (3d): white solid (86% yield, 96 % ee). 

[α]20D  +177.6 (c = 0.5 in CHCl3); 1H NMR (400 MHz, CDCl3)δ 7.72 (m, 2H), 7.54 (m, 2H), 

7.32 (m, 4H), 6.98 (m, 2H), 5.02 (s, br,1H), 4.24 (q, J=6.6 Hz,1H), 1.30 (d, J=6.6 Hz, 3H). 

13
C NMR (100 MHz, CDCl3) δ167.4, 163.5, 161.0, 138.9, 132.8, 131.9, 128.8, 128.7, 

126.8, 115.5, 115.3, 59.3, 29.7, 21.3. EI-HRMS: 259.1253 (Calculated for 
C15H16N2OF

+
([M+H]

+
): 259.1247). Enantiomer ratio was determine by HPLC using a Chiralcel 

OJ-H column, Hex/IPA=94:6, 1 mL/min. 



 

 

 

 

 

 



 
(+)-N'-(1-(4-chlorophenyl)ethyl)benzohydrazide (3e): white solid (92% yield, 97 % ee). 

[α]20D  +159.3 (c = 0.5 in CHCl3); 1H NMR (400 MHz, CDCl3)δ 7.62 (d, J=7.2 Hz, 2H), 

7.48 (m, 1H), 7.28-7.44 (m, 7H), 4.24 (q, J=6.6 Hz, 1H), 1.42 (d, J=6.6 Hz, 1H). 
13
C NMR 

(100 MHz, CDCl3) δ167.4, 141.8, 133.3, 132.7, 131.9, 128.8, 128.7, 128.6, 126.8, 59.4, 

21.3. EI-HRMS: 275.0946 (Calculated for C15H16N2OCl
+
([M+H]

+
): 275.0951). Enantiomer 

ratio was determine by HPLC using a Chiralcel OJ-H column, Hex/IPA=94:6, 1 mL/min. 

 

 

 



 

 

 

 

(R)-N'-(1-(4-bromophenyl)ethyl)benzohydrazide (3f):
[1]
 white solid (95% yield, 97 % ee). 

[α]20D  +144.3 (c = 1 in CHCl3); 1H NMR (400 MHz, CDCl3)δ 7.68 (d, J=7.2 Hz, 2H), 

7.20-7.50 (m, 8H), 4.24 (q, J=6.6 Hz, 1H), 1.42 (d, J=6.6 Hz, 1H). 
13
C NMR (100 MHz, 

CDCl3) δ167.4, 142.3, 132.7, 131.9, 131.7, 129.0, 128.7, 126.8, 121.4, 59.5, 21.3. Enantiomer 

ratio was determine by HPLC using a Chiralcel OJ-H column, Hex/IPA=94:6, 1 mL/min. 
 

 

 

 



 

 
 

 
(+)-N'-(1-(3,4-dimethoxyphenyl)ethyl)benzohydrazide (3g): white solid (90% yield, >99 % 

ee). [α]20D  +143.9 (c = 1 in CHCl3); 1H NMR (400 MHz, CDCl3)δ  7.64 (d, J=7.2 Hz, 2H), 

7.50 (m, 1H), 7.40 (m, 2H), 7.04 (m, 1H), 6.88-7.00 (m, 2H), 6.84 (d, J=7.2 Hz,1H), 4.26 (q, 

J=6.6 Hz, 1H), 3.90 (m, 2H), 1.46 (d, J=6.6 Hz, 1H). 
13
C NMR (100 MHz, CDCl3) δ167.2, 

149.2, 148.6, 135.0, 132.7, 131.9, 128.7, 126.9, 119.6, 111.2, 110.2, 60.0, 55.9, 20.9. EI-HRMS: 
301.1560 (Calculated for C17H21N2O3

+
([M+H]

+
): 301.1552). Enantiomer ratio was determine 

by HPLC using a Chiralcel OJ-H column, Hex/IPA=90:10, 1 mL/min. 
 

 



 

 

 

 

 
(+)-N'-(1-(3-methoxyphenyl)ethyl)benzohydrazide (3h):  white solid (92% yield, 94 % ee). 

[α]20D  +176.5 (c = 0.25 in CHCl3); 1H NMR (400 MHz, CDCl3)δ 7.62 (d, J=7.2 Hz, 2H), 

7.24-7.52 (m, 5H), 7.00 (m, 2H), 6.82 (m, 1H), 6.76 (d, J=6.6 Hz, 1H), 4.24 (q, J=6.6 Hz, 

1H), 3.80 (s, 3H), 1.42 (d, J=6.6 Hz, 2H).
 13
C NMR (100 MHz, CDCl3) δ167.3, 159.9, 144.9, 

132.9, 131.8, 129.6, 128.7, 126.8, 119.6, 113.0, 112.6, 60.1, 55.2, 21.4. EI-HRMS: 271.1457 
(Calculated for C16H19N2O2

+
([M+H]

+
): 271.1447). Enantiomeric excess was determined by 

HPLC using Chiralcel OJ-H column, Hex/IPA=90:10, 1 mL/min. 
 



 

 
 

 

 
 

 

(+)-N'-(1-(m-tolyl)ethyl)benzohydrazide (3i): colorless liquid (93% yield, 97 % ee). [α]20D  

+156.6 (c = 1 in CHCl3); 
1
H NMR (400 MHz, CDCl3)δ 7.60 (m, 3H), 7.40 (m, 1H), 7.30 (m, 

2H), 7.16 (m, 3H), 7.00 (d, J=7.2 Hz,1H), 4.12 (q, J=6.6 Hz, 1H), 1.32 (q, J=6.6 Hz, 3H).
 

13
C NMR (100 MHz, CDCl3) δ 167.3, 143.0, 138.2, 133.0, 131.7, 131.5, 128.6, 128.5, 128.4, 



128.0, 126.9, 124.3. EI-HRMS: 255.1503 (Calculated for C16H19N2O
+
([M+H]

+
): 255.1497). 

Enantiomeric excess was determined by HPLC using Chiralpak AD-H column, Hex/IPA=96:4, 1 
mL/min. 
 

 

 

 

 

 

 
(+)- N'-(1-(2-methoxyphenyl)ethyl)benzohydrazide (3j): white solid (86% yield, 89 % ee). 

[α]20D  +87.2 (c = 1 in CHCl3); 1H NMR (400 MHz, CDCl3)δ 7.62 (m, 2H), 7.32-7.48 (m, 



5H), 7.22 (m, 1H), 6.94 (m, 1H), 6.82 (d, J=7.2 Hz,1H), 4.58 (q, J=6.6 Hz, 1H), 3.73 (s, 

3H),1.36 (q, J=6.6 Hz, 3H).
 13
C NMR (100 MHz, CDCl3) δ 166.9, 157.4, 133.2, 131.6, 131.1, 

128.6, 128.3, 126.9, 126.8, 120.7, 110.7, 55.4, 53.9, 19.6. EI-HRMS: 269.1292 (Calculated for 
C16H17N2O2

+
([M+H]

+
): 269.1290). Enantiomeric excess was determined by HPLC using 

Chiralpak AS-H column, Hex/IPA=75:25, 1 mL/min. 

 

 

 
 
 

 
(R)- N'-(1-(naphthalen-2-yl)ethyl)benzohydrazide (3k):[1] white solid (91% yield, 90 % ee). 

[α]20D  +195.9 (c = 1 in CHCl3); 1H NMR (400 MHz, CDCl3)δ 7.76 (m, 4H), 7.54 (m, 4H), 

7.40 (m, 3H), 7.30 (m, 2H), 6.70-6.78 (m, 3H), 4.40 (q, J=6.6 Hz, 1H), 1.42 (q, J=6.6 Hz, 



3H).
 13
C NMR (100 MHz, CDCl3) δ 167.4,140.6, 133.5, 133.1, 132.9, 131.8, 128.6, 128.4, 

127.9, 127.7, 127.2, 126.9, 126.1, 126.1, 125.8, 125.2, 60.2, 21.3. Enantiomeric excess was 
determined by HPLC using Chiralcel OJ-H column, Hex/IPA=85:15, 1 mL/min. 

 

 

 

 

 

 

(+)-N'-(1-(furan-2-yl)ethyl)benzohydrazide (3l): yellow oil (91% yield, 89 % ee). [α]20D  

+105.1 (c = 0.25 in CHCl3); 
1
H NMR (400 MHz, CDCl3)δ 7.70 (m, 2H), 7.62 (s, 1H), 7.50 



(m, 1H), 7.42 (m, 3H), 6.32 (m, 1H), 6.20 (m, 1H), 4.32 (q, J=6.6 Hz, 1H), 1.48 (q, J=6.6 

Hz, 3H)..
 13
C NMR (100 MHz, CDCl3) δ 167.3, 155.5, 142.1, 132.9, 131.9, 128.7, 126.9, 110.1, 

106.7, 53.6, 17.6. EI-HRMS: 231.1138 (Calculated for C13H15N2O2
+
([M+H]

+
): 231.1134). 

Enantiomeric excess was determined by HPLC using Chiralcel OJ-H column, Hex/IPA=85:15, 1 
mL/min. 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

V. NMR & HRMS Spectra 

 

 
 



 
 
 

 

 



 
 
 
 
HRMS for (+)- N'-(1-(p-tolyl)ethyl)benzohydrazide (3b): 
 

 

 
 



 

 

 
 



 

 
 
 
HRMS for (+)-N'-(1-(4-fluorophenyl)ethyl)benzohydrazide (3d): 



 

 
 
 
 
 
 

 

 



 
 
 
HRMS for (+)-N'-(1-(4-chlorophenyl)ethyl)benzohydrazide (3e): 
 

 

 
 
 

 



 

 

 

 



 

 

 
 



HRMS for (+)-N'-(1-(3,4-dimethoxyphenyl)ethyl)benzohydrazide (3g): 
 

 

 

 

 

 

 

 

 

 



 

 

 

HRMS for (+)-N'-(1-(3-methoxyphenyl)ethyl)benzohydrazide (3h): 
 

 

 

 

 

 

 



 

 

 

 

 



 

 

HRMS for (+)-N'-(1-(m-tolyl)ethyl)benzohydrazide (3i): 
 

 

 

 

 

 

 

 



 

 

 

 

HRMS for (+)- N'-(1-(2-methoxyphenyl)ethyl)benzohydrazide (3j): 
 

 

 



 

 

 

 



 

 

 

 

 

 



HRMS for (+)-N'-(1-(furan-2-yl)ethyl)benzohydrazide (3l): 
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