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General procedure 

All reactions and manipulations involving air- and/or moisture-sensitive 

compounds were carried out using standard Schlenk technique under nitrogen. NMR 

spectra were recorded on a BRUKER DRX 400 MHz or Varian INOVA 400 MHz (1H 

400 MHz; 13C 100 MHz; 31P 162 MHz) spectrometers. Chemical shifts are reported in 

ppm relative to TMS. Elemental analyses were obtained on an Elementar Vario EI 

analyzer. High-resolution mass spectra (HRMS, ESI) were obtained on a Micromass 

Q-Tof Micro (Micromass Inc., Manchester, England). GC analyses were performed on 

a BF-2002 spectrometer fitted with 50 m AT. SE-30 column. All amines, aryl 

bromides and chlorides (Aldrich or Acros) were used as received. Pd(OAc)2, 

Pd2(dba)3 were purchased from Acros chemical Company. 1,4-Dioxane, toluene and 

THF were distilled from sodium benzophenone ketyl under nitrogen. Anhydrous 

DMF was freshly distilled from calcium hydride. KOH was ground to a fine powder 

using a mortar and a pestle and dried in a vacuum oven prior to use. Cs2CO3, K2CO3, 

KF, NaOBut, K3PO4 and NaOH were used as received.  

General Procedure for Aminations of Aryl halides. Representative Procedure: An 

oven-dried round-bottom flask was cooled in vacuo, back-filled with nitrogen, and 
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charged with Pd(OAc)2, imidazolium salts, and NaOtBu (were weighed in air). Then 

the flask was evacuated, and back-filled with nitrogen (three times), and dioxane was 

added under nitrogen. The mixture was stirred at 50 oC for 0.5 h. After cooling to 

room temperature, the aryl halide and amine were added, and placed in an oil bath. 

The reaction was monitored by TLC or GC. After complete consumption of starting 

materials, the reaction mixture was allowed to cool to room temperature, filtered 

through a layer of Celite with the aid of ethyl acetate. The filtrate was concentrated in 

vacuo and the crude product was purified chromatographically and the products were 

identified by 1H NMR. 

 

Cross-coupling products: 

4-(4-Tolyl)morpholine2 The general procedure afforded 170mg (96%) of the title 

compound. 1H NMR (400 MHz, CDCl3): δ 2.87 (s, 4H), 3.71 (s, 3H), 3.86 (s, 4H), 

6.84 (d, J = 7.6Hz, 2H), 7.09 (d, J = 8.0Hz, 2H). 

4-(4-Methoxyphenyl)morpholine3 The general procedure afforded 172mg (89%) of 

the title compound. 1H NMR (400 MHz, CDCl3): δ 3.00 (s, 4H), 3.71 (s, 3H), 3.80 (s, 

4H), 6.78-6.80 (m, 4H). 

N-[4-(trifluoromethyl)phenyl]morpholine4 The general procedure afforded 201mg 

(87%) of the title compound. 1H NMR (400 MHz, CDCl3): δ 3.24 (t, J = 4.4Hz, 4H), 

3.87 (t, J = 4.4Hz, 4H), 6.93 (d, J = 8.4Hz, 2H), 7.50 (d, J = 8.4Hz, 2H). 

N-(2-Pyridyl)morpholine5 The general procedure afforded 154mg (94%) of the title 

compound. 1H NMR (400 MHz, CDCl3): δ 3.46 (t, J = 5.2Hz, 4H), 3.78 (t, J = 4.8Hz, 

4H), 6.59-6.64 (m, 2H), 7.44-7.48 (m, 1H), 8.18-8.19 (m, 1H). 

N-(2-Methylphenyl)morpholine6 The general procedure afforded 165mg (93%) of 

the title compound. 1H NMR (400 MHz, CDCl3): δ 2.30 (s, 3H), 2.88 (t, J = 4.8Hz, 

4H), 3.82 (t, J = 4.8Hz, 4H), 6.98-7.01 (m, 2H), 7.14-7.18 (m, 2H). 

N-(4-Methylphenyl)phenylamine5 The general procedure afforded 106mg (58%) of 

the title compound. 1H NMR (400 MHz, CDCl3): δ 2.29 (s, 3H), 5.57 (br, 1H), 6.87 (t, 

J = 7.2Hz, 1H), 6.98-7.08 (m, 6H), 7.22 (t, J = 7.6Hz, 2H). 

N-phenyl-morpholine7 The general procedure afforded 156mg (96%) of the title 
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compound. 1H NMR (400 MHz, CDCl3): δ 3.10 (t, J = 5.2Hz, 4H), 3.80 (t, J = 4.8Hz, 

4H), 6.81-6.87 (m, 2H), 7.19-7.24 (m, 2H). 

N-Hexyl-4-methylaniline7 The general procedure in argon afforded 159mg (83%) of 

the title compound. 1H NMR (400 MHz, CDCl3): δ 0.90 (t, J = 6.4Hz, 3H), 1.26-1.42 

(m, 6H), 1.60-1.66 (m, 2H), 2.10 (s, 3H), 3.12 (t, J = 7.2Hz, 2H), 6.58-6.64 (dd, J1 = 

7.8Hz, J2 = 10.0Hz, 1H), 7.02 (d, J = 7.2Hz, 1H), 7.10 (t, J = 7.6Hz, 1H). 

N,N-Dibutyl-4-methylbenzenamine7 The general procedure afforded 202mg (92%) 

of the title compound. 1H NMR (400 MHz, CDCl3): δ 0.84 (t, J = 7.6Hz, 6H), 

1.21-1.26 (m, 4H), 1.41-1.48 (m, 4H), 2.13 (s, 2H), 3.12 (t, J = 7.6Hz, 4H), 6.48 (d, J 

= 8.0Hz, 2H), 6.91 (d, J = 8.4Hz, 2H). 

N-(2-Methoxyphenyl)morpholine7 The general procedure afforded 169mg (90%) of 

the title compound. 1H NMR (400 MHz, CDCl3): δ 3.08 (s, 4H), 3.87-3.90 (m, 7H), 

6.87-7.02 (m, 4H). 

N-(4-Methylphenyl)piperidine7 The general procedure afforded 163mg (93%) of the 

title compound. 

N-(2,6-Dimethylphenyl)morpholine7  The general procedure afforded 138mg (72%) 

of the title compound. 1H NMR (400 MHz, CDCl3): δ 2.85 (d, J = 3.2Hz, 6H), 2.86 (t, 

J = 4.8Hz, 4H), 3.82 (t, J = 4.8Hz, 4H), 6.90-7.00 (m,3H). 

N-Hexyl-2-methylaniline7 The general procedure afforded 170mg (89%) of the title 

compound. 1H NMR (400 MHz, CDCl3): δ 0.87-0.91 (m, 3H), 1.26-1.43 (m, 6H), 

1.58-1.65 (m, 2H), 3.23 (m, 2H), 4.6 (br, 1H), 6.36 (d, J = 8.4Hz, 1H), 6.54 (dd, J1 = 

1.2Hz, J2 = 5.6Hz, 1H), 7.38-7.42 (m, 1H), 8.06 (d, J = 5.2Hz, 1H). 

4-(4-Imidazol-1-yl-3,5-dimethylphenyl)morpholine The general procedure afforded 

183mg (71%) of the title compound. 1H NMR (400 MHz, CDCl3): δ 2.00 (s, 6H), 

3.20 (t, J = 4.8 Hz, 4H), 3.87 (t, J=4.8Hz, 4H), 6.66 (s, 2H), 6.90 (s, 1H), 7.24 (s,1H), 

7.46 (s, 1H).  

1-(4-Imidazol-1-yl-3,5-dimethylphenyl)-4-(3,5-dimethylphenyl)piperazine The 

general procedure afforded 344mg (78%) of the title compound. 1H NMR (400 MHz, 

CDCl3): δ 1.97 (s, 12H), 3.35 (s, 8H), 6.69 (s, 4H), 6.87 (s, 2H), 7.21 (s, 2H), 7.43 (s, 

2H). 
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1-(4-Imidazol-1-yl-3,5-dimethylphenyl)piperazine The general procedure afforded 

151mg (59%) of the title compound. 1H NMR (400 MHz, CDCl3): 1.97 (s, 6H), 3.03 

(t, J = 5.2Hz, 4H), 3.18 (t, J = 4.8Hz, 4H), 6.66 (s, 2H), 6.87 (s, 1H), 7.20 (s, 1H), 

7.41 (s, 1H). 

1,4-Di-p-tolyl-piperazine7 The general procedure afforded 234mg (88%) of the title 

compound. 1H NMR (400 MHz, CDCl3): δ 2.28 (s, 6H), 3.29 (s, 8H), 6.91 (d, J = 

8.4Hz, 4H). 
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