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General: Unless otherwise noted all reactions were run under a nitrogen atmosphere, solvents and 

reagents were transferred by syringe. All manipulations involving [Ir(COD)Cl]2 and 

(S)-NMe-NBn-Monophos were performed in a N2-filled glove-box.  1H NMR spectra (400 or 500 

MHz) and 13C NMR spectra (100 or 125 MHz) were recorded in CD3OD, DMSO-d6 or CDCl3. 

Chemical shifts were reported in ppm downfield from internal tetramethysilane. 

 

(A) Preparation and Physical Data for N−−−−H Imine Hydrochloride Salts  

Representative procedure: A round-bottom flask was charged with nitrile (25.0 mmol) and THF (25 

mL).  The mixture was cooled to − 78 ºC and PhLi (17.5 mL, 1.8 M in di-n-butyl ether) was added 

dropwise over 0.5 h.  After addition, the resulting mixture was stirred for 2 h and quenched with 

anhydrous MeOH (6 mL).  The mixture was then stirred at rt for 2 h.  The suspension was filtered 

on Solka-Floc or Celite and the filtrate was concentrated under vacuum.  The residue was dissolved 

in MTBE (25 mL) and treated with HCl in diethyl ether (25.0 mL, 1 M).  The slurry was stirred for 

30 min and filtered to obtain the product as free-flowing off-white to yellow solids. 

 

NH2Cl-Cl

 

 

(2-Chlorophenyl)(phenyl)methaniminium chloride (1a): Yield: 95%. 1H NMR (DMSO-d6, 400 

MHz) δ 13.76 (bs, 2H, NH2), 7.97 (d, 2H, J = 8.0 Hz, Ar-H), 7.87 (t, 1H, J = 8.0 Hz, Ar-H), 

7.79−7.74 (m, 3H, Ar-H), 7.69−7.63 (m, 3H, Ar-H); 13C NMR (CD3OD, 125 MHz) δ 184.3, 138.6, 
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135.9, 133.7, 132.7, 132.24, 132.17, 131.53, 131.3, 129.2; HRMS calcd for C13H11ClN: 216.0575, 

found: 216.0574. 

 

NH2Cl-Br

 

 

(2-Bromophenyl)(phenyl)methaniminium chloride (1b): Yield: 90%; 1H NMR (CD3OD, 500 MHz) 

δ 7.90-7.93 (m, 2H), 7.83 (m, 2H), 7.67-7.73 (m, 5H); 13C NMR (CD3OD, 125 MHz) δ 185.2, 138.6, 

135.7, 135.3, 134.4, 132.8, 132.3, 131.4, 131.3, 129.6, 122.0; HRMS calcd for C13H11BrN: 260.0070, 

found: 259.9991. 

NH2Cl-

 

 

Phenyl(o-tolyl)methaniminium chloride (1c): Yield: 85%. 1H NMR (DMSO-d6, 400 MHz) δ 13.45 

(bs, 2H, NH2), 7.89 (d, 2H, J = 7.2 Hz, Ar-H), 7.83 (t, 1H, J = 7.2 Hz, Ar-H), 7.65−7.57 (m, 3H, 

Ar-H), 7.47−7.40 (m, 3H, Ar-H), 2.12 (s, 3H, CH3).
 13C NMR (CD3OD, 125 MHz) δ 186.8, 138.7, 

138.2, 134.5, 133.0, 132.5, 132.3, 131.2, 131.1, 127.8, 20.4; HRMS calcd for C14H14N: 196.1126, 

found: 196.1121. 

 

NH2Cl-O

 

 

(2-Methoxyphenyl)(phenyl)methaniminium chloride (1d): Yield: 87%. 1H NMR (DMSO-d6, 400 

MHz) δ 13.20 (bs, 2H, NH2), 7.86 (d, 2H, J = 7.6 Hz, Ar-H), 7.79 (t, 1H, J = 7.6 Hz, Ar-H), 

7.75−7.70 (m, 1H, Ar-H), 7.61 (t, 2H, Ar-H), 7.45−7.42 (m, 1H, Ar-H), 7.31 (d, 1H, J = 8.4 Hz, 

Ar-H), 7.16 (t, 1H, J = 7.6 Hz, Ar-H), 3.72 (s, 3H, OCH3);
 13C NMR (CD3OD, 125 MHz) δ 182.9, 

161.4, 138.9, 136.5, 135.4, 133.2, 131.9, 130.7, 122.3, 120.0, 114.1, 57.3; HRMS calcd for 

C14H14NO: 212.1075, found: 212.1070. 

 

NH2Cl-F

 

 

(2-Fluorophenyl)(phenyl)methaniminium chloride (1e): Yield: 78%; 1H NMR (CD3OD, 500 MHz) 

δ 7.88-7.95 (m, 4H, Ar-H), 7.69-7.74 (m, 3H, Ar-H), 7.48-7.56 (m, 2H, Ar-H); 13C NMR (CD3OD, 

125 MHz) δ 181.7, 163.2, 161.1, 138.9, 138.8, 138.0, 134.2, 132.6, 132.1, 131.0, 126.8, 126.7, 120.8, 

120.7, 118.4, 118.3; HRMS calcd for C13H11FN: 200.0876, found: 200.0870. 
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NH2Cl-CF3

 

 

Phenyl(2-(trifluoromethyl)phenyl)methaniminium chloride (1f): Yield: 76%;  1H NMR (CD3OD, 

500 MHz) δ 8.05-8.06 (m, 1H, Ar-H), 7.95-8.00 (m, 2H, Ar-H), 7.90-7.93 (m, 1H, Ar-H), 7.78-7.81 

(m, 3H, Ar-H), 7.68-7.71 (m, 2H, Ar-H); 13C NMR (CD3OD, 125 MHz) δ 185.0, 139.0, 134.4, 132.9, 

131.5, 131.2, 130.8, 129.4 (q, J = 32 MHz), 128.7 (q, J = 4.7 MHz), 124.8 (q, J = 273 MHz); HRMS 

calcd for C14H11F3N: 250.0844, found: 250.0779. 

 

NH2Cl-

Cl

 

 

(3-chlorophenyl)(phenyl)methaniminium chloride (1g): Yield: 82%; 1H NMR (500 MHz, CD3OD) 

δ 7.86-7.94 (m, 2H), 7.82-7.85 (m, 1H), 7.80-7.82 (m, 2H), 7.68-7.74 (m, 4H); 13C NMR (CD3OD, 

125 MHz) δ 184.8, 137.6, 136.7, 136.5, 134.2, 133.2, 132.4, 132.3, 131.9, 131.5, 130.9; HRMS calcd 

for C13H11ClN: 216.0580, found 216.0607. 

 

NH2Cl-

O

 

 

(3-Methoxyphenyl)(phenyl)methaniminium chloride (1h): Yield: 83%;  1H NMR (CD3OD, 500 

MHz) δ 7.90-7.93 (m, 1H, Ar-H), 7.85-7.86 (m, 2H, Ar-H), 7.62-7.65 (m, 2H, Ar-H), 7.43-7.47 (m, 

2H, Ar-H), 7.32-7.33 (m, 1H, Ar-H), 3.92 (s, 3H, CH3); 
13C NMR (CD3OD, 125 MHz) δ 185.4, 161.6, 

137.2, 133.3, 133.2, 132.1, 131.9, 130.7, 125.8, 123.4, 117.3, 56.7; HRMS calcd for C14H14NO: 

212.1075, found: 212.1079. 

 

 

 

Phenyl(p-tolyl)methaniminium chloride (1i)1: Yield: 95%. 1H NMR (DMSO-d6, 400 MHz) δ 12.58 

(bs, 2H, NH2), 7.87−7.83 (m, 1H, Ar-H), 7.76−7.74 (m, 2H, Ar-H), 7.70−7.63 (m, 4H, Ar-H), 7.50 (d, 

1H, J = 8.0 Hz, Ar-H), 2.46 (s, 3H, CH3). 
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NH2Cl-

 

 

(2,3-Dimethylphenyl)(phenyl)methaniminium chloride (1j): Yield: 80%; 1H NMR (CD3OD, 500 

MHz) δ 7.90-7.94 (m, 3H, Ar-H), 7.71-7.74 (m, 2H, Ar-H), 7.59 (d, 1H, J = 10 Hz, Ar-H), 7.43 (m, 

1H, Ar-H), 7.37 (d, 1H, J = 10 Hz, Ar-H), 2.41 (s, 3H, CH3), 2.13 (s, 3H, CH3); 
13C NMR (CD3OD, 

125 MHz) δ 187.3, 140.5, 138.2, 136.9, 135.7, 133.2, 132.6, 132.4, 131.2, 128.6, 127.6, 20.4, 17.9; 

HRMS calcd for C15H16N: 210.1277, found: 210.1271. 

 

NH2Cl-Cl

 

 

(2-Chlorophenyl)(p-tolyl)methaniminium chloride (1k): Yield: 99%; 1H NMR (CD3OD, 500 MHz) 

δ 7.72-7.78 (m, 4H), 7.62-7.68 (m, 2H), 7.53 (d, 2H, J = 10), 2.52 (s, 3H); 13C NMR (CD3OD, 125 

MHz) δ 183.5, 151.4, 135.6, 133.6, 132.9, 132.41, 132.37, 132.1, 132.0, 129.1, 128.6, 27.4, 22.3; 

HRMS calcd for C14H13ClN: 230.0737, found: 230.0752. 

 

NH2Cl-Cl

O  
 

(2-Chlorophenyl)(4-methoxyphenyl)methaniminium chloride (1l): Yield: 99%.  1H NMR 

(CD3OD, 500 MHz) δ 7.85-7.87 (m, 2H), 7.73-7.75 (m, 2H), 7.63-7.65 (m, 2H), 7.21-7.23 (m, 2H), 

2.98 (s, 3H); 13C NMR (CD3OD, 125 MHz) δ 181.5, 169.4, 135.9, 135.3, 133.4, 132.7, 132.1, 132.0, 

129.0, 122.9, 117.0, 57.1; HRMS calcd for C14H13ClNO: 246.0686, found: 246.0625. 

 

NH2Cl-

 

 

o-Tolyl(p-tolyl)methaniminium chloride (1m): Yield: 87%; 1H NMR (CD3OD, 500 MHz) δ 7.70 (d, 

2H, J = 10), 7.65 (m, 1H), 7.48-7.52 (m, 5H), 2.52 (s, 3H), 2.19 (s, 3H); 13C NMR (CD3OD, 125 

MHz) δ 186.2, 150.8, 138.5, 134.3, 133.0, 132.9, 132.8, 132.0, 130.9, 129.3, 127.8, 22.3, 20.3; 

HRMS calcd for C15H16N: 210.1283, found: 210.1287. 
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NH2Cl-

O  
 

(4-Methoxyphenyl)(o-tolyl)methaniminium chloride (1n): Yield: 86%. 1H NMR (CD3OD, 500 

MHz) δ 7.82 (d, 2H, J = 10), 7.64 (m, 1H), 7.46-7.50 (m, 3H), 7.21 (d, 2H, J = 10); 3.97 (s, 3H), 2.22 

(s, 3H); 13C NMR (CD3OD, 125 MHz) δ 184.6, 169.1, 138.2, 135.2, 134.0, 133.4, 132.8, 130.5, 

127.7, 123.7, 116.9, 57.1, 20.0; HRMS calcd for C15H16NO: 226.1232, found: 226.1241. 

 

NH2Cl-Cl

F3C

 

 

(2-Chloro-3-(trifluoromethyl)phenyl)(p-tolyl)methaniminium chloride (1o): Yield: 98%; 1H 

NMR (CD3OD, 500 MHz) δ 8.20 (d, 1H, J = 10), 7.98 (m, 1H), 7.86 (m, 1H), 7.79 (m, 2H), 7.55 (d, 

2H, J = 10), 2.53 (s, 3H); 13C NMR (CD3OD, 125 MHz) δ 182.4, 152.1, 135.5, 135.2, 132.9, 132.8 (q, 

J = 5), 132.3, 131.4 (q, J = 31), 129.8, 128.1, 125.1 (q, J = 271), 22.3; HRMS calcd for C15H12ClF3N: 

298.0605, found: 298.0505 

 

NH2Cl-Cl

Cl  

 

(2,5-Dichlorophenyl)(p-tolyl)methaniminium chloride (1p): Yield: 93%; 1H NMR (CD3OD, 500 

MHz) δ 7.71-7.81 (m, 5H), 7.54 (m, 2H), 2.52 (s, 3H); 13C NMR (CD3OD, 125 MHz) δ 182.1, 151.9, 

135.4, 135.1, 133.8, 133.6, 132.9, 132.2, 132.1, 131.9, 128.1, 22.3; HRMS calcd for C14H12Cl2N: 

264.0347, found: 264.0285. 

 

NH2Cl-Cl

Cl  
 

(2,6-Dichlorophenyl)(p-tolyl)methaniminium chloride (1q): Yield: 96%; 1H NMR (CD3OD, 500 

MHz) δ 7.93-7.95 (m, 1H), 7.76 (d, 2H, J = 10), 7.64 (m, 2H), 7.53 (d, 2H, J = 5), 2.52 (s, 3H); 13C 

NMR (CD3OD, 125 MHz) δ 182.5, 151.6, 135.8, 135.7, 134.8, 132.8, 132.1, 131.5, 130.5, 130.2, 

128.4, 22.3; HRMS calcd for C14H12Cl2N: 264.0341, found: 264.0255. 
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NH2Cl-

O

Cl  

 

(5-chloro-2-methylphenyl)(4-methoxyphenyl)methaniminium chloride (1r): Yield: 92%; 1H 

NMR (CD3OD, 500 MHz) δ 7.83 (d, 2H, J= 5), 7.65 (d, 1H, J = 10), 7.56 (s, 1H), 7.49 (d, 1H, J = 

10), 7.23 (d, 2H, J = 10), 3.98 (s, 3H), 2.18 (s, 3H); 13C NMR (CD3OD, 125 MHz) δ 182.9, 169.4, 

136.8, 135.9, 134.9, 134.4, 133.6, 133.5, 129.9, 123.1, 117.1, 57.1, 19.4. 

 

(B) General Procedure for Asymmetric Hydrogenation of N−−−−H imines Hydrochloride salts: A 5.0 

mL vial was loaded with [Ir(COD)Cl]2 (2.1 mg, 0.003 mmol) and (S)-NMe-NBn-Monophos (5.9 

mg, 0.006 mmol). The mixture was dissolved in CH2Cl2 (1 mL) and stirred for 20 min at rt in the 

glovebox. To this solution was added the N−H imine HCl salt in MeOH (2 mL). The vial was then 

placed into a steel autoclave. The inert atmosphere was replaced by H2 and the reaction mixture 

was stirred under 100 atm H2 (1500 psi) at rt for 36 h. The resulting mixture was concentrated 

under vacuum and dissolved in saturated aqueous NaHCO3 (5 mL). After stirring for 10 min, the 

mixture was extracted with CH2Cl2 (3×2 mL) and dried over Na2SO4. To the resulting solution was 

added Ac2O (300 µL) and stirred for 30 min. The resulting solution was then analyzed for 

conversion directly by GC.  After the product was purified by silica gel chromatography using 

ethyl acetate / hexane (1:2) as eluent.  The enantiomeric excess was determined by HPLC or SFC 

analysis. 

 

(C) Analytical Data for the Hydrogenation Products 

 

NH3Cl-Cl

*

 

 

(+)-(2-chlorophenyl)(phenyl)methanaminium chloride (2a)2 : [α]D
20 + 20.2 (c 1.0, MeOH), 

87% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 90:10, 1.0 mL/min, 222 nm UV detector, tR = 10.9 min (major), tR = 

12.4 min (minor). 1H NMR (DMSO-d6, 400 MHz) δ 9.20 (bs, 3H, NH3), 7.85 (d, 1H, J = 7.2 Hz, 

Ar-H), 7.52 (d, 2H, J = 7.2 Hz, Ar-H), 7.45−7.35 (m, 6H, Ar-H), 5.83 (s, 1H, CH). 

 

NH3Cl-Br

*

 

 

(+)-(2-bromophenyl)(phenyl)methanaminium chloride (2b)3: [α]D
20 + 20.1 (c 1.0, MeOH), 

91% ee; SFC condition for corresponding acetamide: Sepapak-4 column, MeOH with 
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isobutylamine  (25 mM): isocratic 25% modifier, hold 2 min, 3 mL/min, 200 bar, 210 nm UV 

detector, tR = 8.8 min (major), tR = 10.3 min (minor). 1H NMR (DMSO-d6, 400 MHz) δ 9.20 (bs, 

3H, NH3), 7.82 (d, 1H, J = 8.0 Hz, Ar-H), 7.71 (d, 1H, J = 8.0 Hz, Ar-H), 7.57 (t, 1H, J = 8.0 

Hz, Ar-H), 7.42−7.36 (m, 6H, Ar-H), 5.79 (s, 1H, CH). 

 

NH3Cl-

*

 

 

(R)-(+)-phenyl(o-tolyl)methanaminium chloride (2c)4: [α]D
20 + 39.7 (c 1.0, MeOH), 82% ee; 

SFC condition for corresponding acetamide: ChiralCel AD-H, 4% MeOH for 4 min, ramp at 

4% / min to 40% MeOH, 2 mL / min, 200 bar, 35 ºC, 215 nm; tR = 2.8 min (minor), tR = 3.4 min 

(major). 1H NMR (DMSO-d6, 500 MHz) δ 9.07 (bs, 3H, NH3), 7.65−7.62 (m, 1H, Ar-H), 

7.43−7.37 (m, 4H, Ar-H), 7.35−7.30 (m, 2H, Ar-H), 7.27 (t, 1H, J =7.5 Hz, Ar-H), 7.22 (d, 1H, 

J =7.5 Hz, Ar-H), 5.69 (s, 1H, CH), 2.24 (s, 3H, CH3). 

 

NH3Cl-O

*

 

 

(+)-(2-methoxyphenyl)(phenyl)methanaminium chloride (2d)5: [α]D
20 + 3.2 (c 1.0, MeOH), 

76% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 85:15, 1.0 mL/min, 222 nm UV detector, tR = 7.1 min (minor), tR = 11.5 

min (major). 1H NMR (DMSO-d6, 500 MHz) δ 9.03 (bs, 3H, NH3), 7.56 (d, 1H, J =7.5 Hz, 

Ar-H), 7.47 (d, 2H, J =7.5 Hz, Ar-H), 7.39−7.30 (m, 4H, Ar-H), 7.07−7.00 (m, 2H, Ar-H), 5.69 

(s, 1H, CH), 3.79 (s, 3H, OCH3). 

 

NH3Cl-F

*

 

 

(+)-(2-fluorophenyl)(phenyl)methanaminium chloride (2e)6: [α]D
20 + 4.4 (c 1.0, MeOH), 

36% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 90:10, 1.0 mL/min, 222 nm UV detector, tR = 8.8 min (major), tR = 10.8 

min (minor). 1H NMR (DMSO-d6, 500 MHz) δ 9.30 (bs, 3H, NH3), 7.80 (s, 1H, Ar-H), 

7.42−7.14 (m, 8H, Ar-H), 5.78 (s, 1H, CH). 

 

NH3Cl-CF3

*
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(+)-phenyl(2-(trifluoromethyl)phenyl)methanaminium chloride (2f)5: [α]D
20 + 3.3 (c 1.0, 

MeOH), 98% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 90:10, 1.0 mL/min, 222 nm UV detector, tR = 7.3 min (major), tR = 10.4 

min (minor). 1H NMR (DMSO-d6, 400 MHz) δ 9.24 (bs, 3H, NH3), 7.98 (s, 1H, Ar-H), 

7.90−7.85 (m, 2H, Ar-H), 7.69−7.65 (m, 1H, Ar-H), 7.45−7.36 (m, 5H, Ar-H), 5.76 (s, 1H, CH). 

 

NH3Cl-

*
Cl

 

 

(+)-(3-chlorophenyl)(phenyl)methanaminium chloride (2g)7: [α]D
20 − 1.9 (c 1.0, MeOH), 

31% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 90:10, 1.0 mL/min, 222 nm UV detector, tR = 10.1 min (minor), tR = 

12.7 min (major). 1H NMR (DMSO-d6, 400 MHz) δ 9.36 (bs, 3H, NH3), 7.72 (s, 1H, Ar-H), 

7.60−7.54 (m, 3H, Ar-H), 7.49−7.34 (m, 5H, Ar-H), 5.68 (s, 1H, CH). 

 

NH3Cl-

*
O

 

 

(−−−−)-(3-methoxyphenyl)(phenyl)methanaminium chloride (2h)5: [α]D
20 − 4.1 (c 1.0, MeOH), 

46% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 85:15, 1.0 mL/min, 222 nm UV detector, tR = 8.5 min (major), tR = 14.5 

min (minor). 1H NMR (DMSO-d6, 500 MHz) δ 9.20 (bs, 3H, NH3), 7.55 (d, 2H, J = 7.5 Hz, 

Ar-H), 7.40 (t, 2H, J = 7.5 Hz, Ar-H), 7.35−7.28 (m, 2H, Ar-H), 7.23 (s, 1H, Ar-H), 7.05 (d, 1H, 

J = 7.5 Hz, Ar-H), 6.91−6.88 (m, 1H, Ar-H), 5.56 (s, 1H, CH), 3.75 (s, 3H, OCH3).
 

 

NH3Cl-

*

 

 

(S)-(++++)-Phenyl(p-tolyl)methanaminium chloride (2i)8: [α]D
20 + 1.2 (c 1.0, MeOH), 31% ee; HPLC 

condition for corresponding acetamide: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 

mL/min, 222 nm UV detector, tR = 8.6 min (minor), tR = 10.2 min (major). 1H NMR (CDCl3, 400 

MHz) δ 9.10 (bs, 3H, NH2), 7.36 (d, 2H, J = 6.4 Hz, Ar-H), 7.27−7.24 (m, 5H, Ar-H), 7.07 (d, 2H, J 

= 7.6 Hz, Ar-H), 5.38 (s, 1H, CH), 2.33 (s, 3H, CH3). 
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NH3Cl-

*

 

 

(+)-(2,3-dimethylphenyl)(phenyl)methanaminium chloride (2j): [α]D
20 + 16.6 (c 1.0, MeOH), 

86% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 93:7, 1.0 mL/min, 222 nm UV detector, tR = 12.7 min (minor), tR = 14.0 min 

(major). 1H NMR (DMSO-d6, 500 MHz) δ 8.87 (bs, 3H, NH3), 7.43−7.38 (m, 6H, Ar-H), 7.25−7.21 

(m, 2H, Ar-H), 5.81 (s, 1H, CH), 2.25 (s, 3H, CH3), 2.13 (s, 3H, CH3); 
13C NMR (DMSO-d6, 125 

MHz): δ 138.1, 137.9, 136.3, 134.6, 130.5, 129.5, 129.3, 128.7, 126.4, 124.0, 54.8, 21.0, 15.4; 

HRMS calcd C15H17N: 212.1439, found: 212.1434. 

 

NH3Cl-

*

Cl

 

(+)-(2-chlorophenyl)(p-tolyl)methanaminium chloride (2k): [α]D
20 + 18.4 (c 1.0, MeOH), 92% 

ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, n-hexane/2-propanol = 

94:6, 1.0 mL/min, 222 nm UV detector, tR = 16.2 min (minor), tR = 18.5 min (major). 1H NMR 

(DMSO-d6, 400 MHz) δ 9.27 (bs, 3H, NH3), 7.95 (d, 1H, J = 7.2 Hz, Ar-H), 7.54−7.41 (m, 3H, Ar-H), 

7.35 (d, 2H, J = 7.6 Hz, Ar-H), 7.22 (d, 2H, J = 7.6 Hz, Ar-H), 5.78 (s, 1H, CH), 2.29 (s, 3H, CH3); 
13C NMR (DMSO-d6, 100 MHz): δ 138.2, 135.4, 133.4, 131.9, 130.0, 129.9, 129.2, 128.1, 128.0, 

127.7, 53.9, 20.6; HRMS calcd for C14H14ClN: 232.0888, found: 232.0889. 

 

 

NH3Cl-

*

O

Cl

 

(+)-(2-chlorophenyl)(4-methoxyphenyl)methanaminium chloride (2l): [α]D
20 + 30.0 (c 1.0, 

MeOH), 93% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 90:10, 1.0 mL/min, 230 nm UV detector, tR = 11.5 min (minor), tR = 15.1 min 

(major). 1H NMR (DMSO-d6, 400 MHz) δ 9.06 (bs, 3H, NH3), 7.82 (d, 1H, J = 7.2 Hz, Ar-H), 

7.54−7.48 (m, 2H, Ar-H), 7.45−7.40 (m, 1H, Ar-H), 7.32 (d, 2H, J = 8.8 Hz, Ar-H), 6.96 (d, 2H, J = 

8.8 Hz, Ar-H), 5.77 (s, 1H, CH), 3.73 (s, 3H, OCH3); 
13C NMR (DMSO-d6, 125 MHz): δ 160.1, 

135.9, 132.5, 130.8, 130.7, 130.2, 128.6, 128.5, 128.1, 114.8, 55.9, 54.5. 

NH3Cl-

*
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(+)-o-tolyl(p-tolyl)methanaminium chloride (2m): [α]D
20 + 55.9 (c 1.0, MeOH), 91% ee; HPLC 

condition for corresponding acetamide: Chiralcel OD-H column, n-hexane/2-propanol = 90:10, 1.0 

mL/min, 222 nm UV detector, tR = 7.6 min (minor), tR = 9.4 min (major). 1H NMR (CD3Cl, 400 

MHz) δ 9.30 (bs, 3H, NH3), 7.51 (d, 1H, J = 7.6 Hz, Ar-H), 7.26−7.21 (m, 3H, Ar-H), 7.16−7.13 (m, 

2H, Ar-H), 7.08 (d, 2H, J = 7.6 Hz, Ar-H), 5.58 (s, 1H, CH), 2.35 (s, 3H, CH3), 2.23 (s, 3H, CH3); 
13C 

NMR (CDCl3, 100 MHz): δ 138.2, 135.4, 134.8, 133.1, 130.9, 129.6, 128.3, 128.0, 126.8, 126.3, 55.3, 

21.2, 19.6; HRMS calcd for C15H18N: 212.1434, found: 212.1446. 

 

NH3Cl-

*

O
 

(+)-(4-methoxyphenyl)(o-tolyl)methanaminium chloride (2n): [α]D
20 + 43.5 (c 1.0, MeOH), 94% 

ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, n-hexane/2-propanol = 

90:10, 1.0 mL/min, 230 nm UV detector, tR = 14.4 min (minor), tR = 16.9 min (major). 1H NMR 

(DMSO-d6, 400 MHz) δ 8.90 (bs, 3H, NH3), 7.58 (d, 1H, J = 7.2 Hz, Ar-H), 7.36−7.21 (m, 5H, Ar-H), 

6.95 (d, 2H, J = 8.4 Hz, Ar-H), 5.63 (s, 1H, CH), 3.73 (s, 3H, OCH3), 2.19 (s, 3H, CH3); 
13C NMR 

(DMSO-d6, 125 MHz) δ 160.0, 136.7, 136.0, 131.6, 130.2, 129.4, 128.9, 127.0, 126.0, 114.8, 55.9, 

54.2, 19.6. 

 

NH3Cl-

*

Cl

F3C

 

 

(+)-(2-chloro-3-(trifluoromethyl)phenyl)(p-tolyl)methanaminium chloride (2o): [α]D
20 + 12.4 (c 

1.0, MeOH), 92% ee; HPLC condition for corresponding acetamide: Chiralcel AS column, 

n-hexane/2-propanol = 90:10, 1.0 mL/min, 230 nm UV detector, tR = 9.7 min (minor), tR = 15.3 min 

(major). 1H NMR (DMSO-d6, 400 MHz) δ 9.32 (bs, 3H, NH3), 8.26 (d, 1H, J = 7.6 Hz, Ar-H), 7.91 

(d, 1H, J = 7.6 Hz, Ar-H), 7.75 (t, 1H, J = 8.0 Hz, Ar-H), 7.34 (d, 2H, J = 7.6 Hz, Ar-H), 7.22 (d, 2H, 

J = 7.6 Hz, Ar-H), 5.94 (s, 1H, CH), 2.28 (s, 3H, CH3); 
13C NMR (DMSO-d6, 100 MHz): δ 138.5, 

138.1, 132.6, 132.1, 129.7, 129.4, 128.1, 128.0, 127.9, 127.8, 127.5, 124.0, 121.3, 53.8, 20.6; HRMS 

calcd for C15H14ClF3N: 300.0761, found: 300.0740.  

 

NH3Cl-

*

Cl

Cl  

 

(+)-(2,5-dichlorophenyl)(p-tolyl)methanaminium chloride (2p): [α]D
20 + 72.7 (c 1.0, MeOH), 

72% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 90:10, 1.0 mL/min, 230 nm UV detector, tR = 8.9 min (minor), tR = 13.0 min 
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(major). 1H NMR (DMSO-d6, 400 MHz) δ 9.16 (bs, 3H, NH3), 7.96 (s, 1H, Ar-H), 7.57−7.52 (m, 2H, 

Ar-H), 7.29 (d, 2H, J = 8.0 Hz, Ar-H), 7.23 (d, 2H, J = 8.0 Hz, Ar-H), 5.77 (s, 1H, CH), 2.28 (s, 3H, 

CH3); 
13C NMR (DMSO-d6, 125 MHz): δ 139.4, 137.8, 133.2, 133.1, 132.4, 131.4, 130.7, 130.2, 

128.6, 128.3, 54.6, 21.3; HRMS calcd for C14H14Cl2N: 266.0498, found: 266.0523. 

 

NH3Cl-

*

Cl

Cl  
 

(−−−−)-(2,6-dichlorophenyl)(p-tolyl)methanaminium chloride (2q): [α]D
20 − 8.2 (c 1.0, MeOH), 81% 

ee; HPLC condition for corresponding acetamide: Chiralcel AS column, n-hexane/2-propanol = 

90:10, 1.0 mL/min, 230 nm UV detector, tR = 13.5 min (major), tR = 21.9 min (minor). 1H NMR 

(DMSO-d6, 400 MHz) δ 9.20 (bs, 3H, NH3), 7.82 (d, 1H, J = 7.6 Hz, Ar-H), 7.69 (d, 1H, J = 7.6 Hz, 

Ar-H), 7.55 (t, 1H, J = 7.6 Hz, Ar-H), 7.29 (d, 2H, J = 8.0 Hz, Ar-H), 7.21 (d, 2H, J = 8.0 Hz, Ar-H), 

5.83 (s, 1H, CH), 2.27 (s, 3H, CH3); 
13C NMR (DMSO-d6, 125 MHz): δ 139.3, 138.4, 133.3, 133.2, 

131.2, 130.7, 130.1, 129.4, 128.7, 127.0, 55.3, 21.3; HRMS calcd for C14H14Cl2N: 266.0498, found: 

266.0516.  

 

NH3Cl-

*

O

Cl  

 

(+)-(5-chloro-2-methylphenyl)(4-methoxyphenyl)methanaminium chloride (2r): [α]D
20 + 123.8 

(c 1.0, MeOH), 74% ee; HPLC condition for corresponding acetamide: Chiralcel OD-H column, 

n-hexane/2-propanol = 90:10, 1.0 mL/min, 230 nm UV detector, tR = 10.5 min (minor), tR = 18.4 min 

(major). 1H NMR (DMSO-d6, 400 MHz) δ 8.89 (bs, 3H, NH3), 7.66−7.64 (m, 1H, Ar-H), 7.37−7.34 

(m, 1H, Ar-H), 7.30−7.25 (m, 3H, Ar-H), 6.97 (d, 2H, J = 8.8 Hz, Ar-H), 5.65 (s, 1H, CH), 3.74 (s, 

3H, OCH3), 2.15 (s, 3H, CH3); 
13C NMR (DMSO-d6, 125 MHz): δ 159.4, 138.1, 134.5, 132.7, 130.8, 

129.5, 128.0, 125.3, 114.2, 55.2, 53.3, 18.4; HRMS calcd for C15H17ClNO: 262.0993, found: 

262.1021. 
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(D) NMR Spectra of New Products 
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(2,3-dimethylphenyl)(phenyl)methanaminium chloride (2j) 
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(2-chlorophenyl)(p-tolyl)methanaminium chloride (2k) 
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(2-chlorophenyl)(4-methoxyphenyl)methanaminium chloride (2l) 
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o-tolyl(p-tolyl)methanaminium chloride (2m) 
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(4-methoxyphenyl)(o-tolyl)methanaminium chloride (2n) 
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(2-chloro-3-(trifluoromethyl)phenyl)(p-tolyl)methanaminium chloride (2o) 
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(2,5-dichlorophenyl)(p-tolyl)methanaminium chloride (2p) 
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(2,6-dichlorophenyl)(p-tolyl)methanaminium chloride (2q) 
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(5-chloro-2-methylphenyl)(4-methoxyphenyl)methanaminium chloride (2r) 
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(E) GC / SFC Chromatograms for Hydrogenation Products  
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