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General Experimental Methods.  
 
All reactions were carried out under an argon atmosphere with dry solvents under anhydrous 
conditions, unless otherwise noted. Dehydrated tetrahydrofuran (THF), diethyl ether, and toluene 
were purchased from Kanto Chemical Co. and then were stored in Schlenk tubes under an argon 
atmosphere. Reagents were purchased at the highest commercial quality and used without further 
purification, unless otherwise stated. 1H NMR and 13C NMR spectra were measured at 200, 300 or 
500 MHz (for 1H NMR) and 75 or 126 MHz (for 13C NMR), respectively, and chemical shifts are 
given relative to tetramethylsilane (TMS). 19F NMR spectra were measured at 282 MHz, and 
chemical shifts are given relative to CCl3F using C6F6 as secondary reference (–162.9 ppm). 31P 
NMR spectra were measured at 121 MHz, and chemical shifts are given relative to 85% H3PO4 
externally. 
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Preparation of amines 1. 

 
N,N-Dimethyl-2,3,4,5,6-pentafluorobenzeneethanamine (1a).  
To a mixture of formic acid (0.63 mL, 16.6mmol) and 2,3,4,5,6-pentafluorobenzeneethanamine1 
(0.70 g, 3.32 mmol) was added a 37% aqueous formaldehyde solution (0.69 mL, 6.64 mmol) at 0°C. 
After being stirred at 0°C for 5 h, the solution was heated at 100°C for 5h. The reaction mixture was 
poured into 25% NaOH aqueous solution, and then was extracted with diethyl ether. The extract was 
dried over MgSO4 and was concentrated under reduced pressure to give yellow oil, which was 
purified by distillation using Kugelrohr apparatus to give 1a (0.25 g, 32%) as colorless oil.  
1H NMR (200 MHz, CDCl3): δ 2.27 (s, 6H), 2.50 (t, J = 7.4 Hz, 2H), 2.86 (t, J = 7.4 Hz, 2H). 13C 
NMR (126 MHz, CDCl3): 21.0, 45.3, 58.4, 113.6 (m), 137.6 (m), 139.8 (m), 145.4 (m). 19F NMR 
(282 MHz, CDCl3): -164.1 (dt, J = 7.9, 21.4 Hz, 2F), -158.9 (t, J = 21.4 Hz, 1F), -145.0 (dd, J = 7.9, 
21.4 Hz, 2F). IR (neat): 1123, 1151, 1265, 1377, 1502 and 2949 cm-1. 
The elemental analysis of 1a was performed after conversion of 1a to its hydrochloride salt: Anal. 
calc. for C10H11NF5Cl : C 43.57, H 4.02, N 5.08%. Found: C 43.25, H 3.85, N, 4.95. 
 
N,N-Dimethyl-3,4,5-trifluorobenzeneethanamine (1b). 
Compound 1b (3.05 g, 63 %) was prepared from 3,4,5-trifluorobenzeneethanamine 2  by the 
procedure described for 1a.  
Colorless oil.  
1H NMR (300 MHz, CDCl3): δ 2.26 (s, 6H), 2.49 (t, J = 7.8 Hz, 2H), 2.70 (t, J = 7.8 Hz, 2H), 6.81 
(m, 2H). 13C NMR (75.5 MHz, CDCl3): 33.8, 45.6, 60.8, 112.7 (m), 136.9 (m), 138.4 (dt, J = 15.1, 
249 Hz), 151.3 (dm, J = 249 Hz). 19F NMR (282 MHz, CDCl3): -165.6 (m, 1F), -136.4 (m, 2F). IR 
(neat): 1142, 1448, 1537, 1620, 2773 and 2945 cm-1. 
The elemental analysis of 1b was performed after conversion of 1b to its hydrochloride salt: Anal. 
calc. for C10H13NF3Cl : C 50.11, H 5.47, N 5.84%. Found: C 50.35, H 5.31, N, 5.69. 
 
N,N-Dimethyl-4-trifluoromethyl-benzeneethanamine (1c).3  
Compound 1c (0.41 g, 36 %) was prepared from 4-trifluoromethyl-benzeneethanamine4 by the 
procedure described for 1a.  
Colorless oil.  
1H NMR (500 MHz, CDCl3): δ 2.32 (s, 6H), 2.57 (t, J = 8.0 Hz, 2H), 2.85 (t, J = 8.0 Hz, 2H), 7.32 (d, 
J = 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H). 13C NMR (75.5 MHz, CDCl3): 33.8, 44.9, 60.6, 124.1 (q, J 
= 272 Hz), 124.9, 128.0 (q, J = 32.5 Hz), 128.6, 144.4. 19F NMR (282 MHz, CDCl3): -64.3 (s). IR 
(neat): 829, 1020, 1167, 1325, 1375, 1618, 2860 and 2947 cm-1. 
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N,N-Dimethyl-4-fluorobenzeneethanamine (1d).5 

Compound 1d (1.13 g, 89 %) was prepared from commercially available 4-fluorobenzeneethanamine 
by the procedure described for 1a.  
Colorless oil.  
1H NMR (300 MHz, CDCl3): δ 2.30 (s, 6H), 2.50 (t, J = 8.0 Hz, 2H), 2.75 (t, J = 8.0 Hz, 2H), 6.96 
(m, 2H), 7.15 (m, 2H). 13C NMR (75.5 MHz, CDCl3): 33.2, 45.0, 61.2, 114.7 (d, J = 20.9 Hz), 129.6 
(d, J = 7.7 Hz), 135.7 (d, J = 3.2 Hz), 161.0 (d, J = 243 Hz). 19F NMR (282 MHz, CDCl3): -119.1 
(m). IR (neat): 1016, 1221, 1265, 1445, 1510, 1601 and 2725 cm-1. 
 
N,N-Dimethylphenethylamine (1e).6 
Compound 1e (4.96 g, 42 %) was prepared from commercially available phenethylamine by the 
procedure described for 1a.  
Colorless oil. 
1H NMR (500 MHz, CDCl3): δ 2.30 (s, 6H), 2.53 (t, J = 8.0 Hz, 2H), 2.78 (t, J = 8.0 Hz, 2H), 
7.18-7.21 (m, 3H), 7.27-7.30 (m, 2H). 13C NMR (75.5 MHz, CDCl3): 34.2, 45.2, 61.4, 125.7, 128.1, 
128.4, 140.1. IR (neat): 864, 1263, 1373, 1454, 1605, 2856 and 2943 cm-1. 
 
N,N-Dimethyl-4-methoxy-benzeneethanamine (1f).7 
Compound 1f (0.78 g, 64 %) was prepared from commercially available 
4-methoxy-benzeneethanamine by the procedure described for 1a.  
Colorless oil.  
1H NMR (500 MHz, CDCl3): δ 2.29 (s, 6H), 2.49 (t, J = 8.0 Hz, 2H), 2.72 (t, J = 8.0 Hz, 2H), 3.78 (s, 
3H), 6.83 (d, J = 9.0 Hz, 2H), 7.12 (d, J = 9.0 Hz, 2H). 13C NMR (75.5 MHz, CDCl3): 33.0, 44.9, 
54.3, 61.3, 113.2, 129.0, 131.8, 157.4. IR (neat): 870, 1248, 1371, 1464, 1614, 2856 and 3030 cm-1. 
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Estimation of Association Constants by 1H NMR Titrations. 

All amines 1 and CDCl3 were stored with activated MS-3A under argon atmosphere after being 

filtered through basic almina column, respectively.  All amines 1 were distilled by Kugelrohr 

apparatus before NMR titration. 

As a typical example, the titration between 1a and MeOH is described here.  Six portion of 0.25 

mL of 0.966M MeOH solutions in CDCl3 were added to 0.000, 50.88, 96.78, 143.39, 191.73, or 

239.45 mg of 1a, respectively.  All solutions were diluted with CDCl3 until 1.00 mL accurately.  

Each of the resulting solutions was placed in six NMR tubes, and then the NMR tubes were sealded.  

1H NMR spectra were taken for each tube at 27, 37, and 47 °C.  Association constants (Ka) were 

calculated by nonlinear curve-fitting method.   
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NMR titration between 1a and MeOH. 
Concentration of MeOH is 0.2415 M. 
δobs is the chemical shifts at the H atom of MeOH’s hydroxy proton. 

 ∆δ = δobs – δobs
amine/MeOH=0. 

δc is the predicted chemical shift of the complex 2a. 
   
        Results of NMR titration. 
 
 
 
 
 
 
 
 
 
 
 

Graph of NMR titration. 

 
 

van’t Hoff plot 
ΔHobs and ΔSobs were determined from van’t Hoff plot 
and eq. 2. 
 
 ln Ka = – (ΔH / R)·(1 / T) + ΔS / R   (2) 
 
 

ΔHobs = ‒6.15 kcal mol-1 
ΔSobs = ‒19.9 cal mol-1 K-1 
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NMR titration between 1b and MeOH. 
Concentration of MeOH is 0.1957 M. 
δobs is the chemical shifts at the H atom of MeOH’s hydroxy proton. 

 ∆δ = δobs – δobs
amine/MeOH=0. 

δc is the predicted chemical shift of the complex 2b. 
   
        Results of NMR titration. 
 
 
 
 
 
 
 
 
 
 
 

Graph of NMR titration. 

 
 

van’t Hoff plot 
ΔHobs and ΔSobs were determined from van’t Hoff plot 
and eq. 1.  
 
 ln Ka = – (ΔH / R)·(1 / T) + ΔS / R   (2) 
 
 

ΔHobs = ‒5.72 kcal mol-1 
ΔSobs = ‒18.8 cal mol-1 K-1 
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NMR titration between 1c and MeOH. 
Concentration of MeOH is 0.2255 M. 
δobs is the chemical shifts at the H atom of MeOH’s hydroxy proton. 

 ∆δ = δobs – δobs
amine/MeOH=0. 

δc is the predicted chemical shift of the complex 2c. 
   
        Results of NMR titration. 
 
 
 
 
 
 
 
 
 
 
 

Graph of NMR titration. 

 
 

van’t Hoff plot 
ΔHobs and ΔSobs were determined from van’t Hoff plot 
and eq. 1.  
 
 ln Ka = – (ΔH / R)·(1 / T) + ΔS / R   (2) 
 
 

ΔHobs = ‒5.85 kcal mol-1 
ΔSobs = ‒18.4 cal mol-1 K-1 
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NMR titration between 1d and MeOH. 
Concentration of MeOH is 0.2395 M. 
δobs is the chemical shifts at the H atom of MeOH’s hydroxy proton. 

 ∆δ = δobs – δobs
amine/MeOH=0. 

δc is the predicted chemical shift of the complex 2d. 
   
        Results of NMR titration. 
 
 
 
 
 
 
 
 
 
 
 

Graph of NMR titration. 

 
 

van’t Hoff plot 
ΔHobs and ΔSobs were determined from van’t Hoff plot 
and eq. 1.  
 
 ln Ka = – (ΔH / R)·(1 / T) + ΔS / R   (2) 
 
 

ΔHobs = ‒5.92 kcal mol-1 
ΔSobs = ‒18.6 cal mol-1 K-1 
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NMR titration between 1e and MeOH. 
Concentration of MeOH is 0.2243 M. 
δobs is the chemical shifts at the H atom of MeOH’s hydroxy proton. 

 ∆δ = δobs – δobs
amine/MeOH=0. 

δc is the predicted chemical shift of the complex 2e. 
   
        Results of NMR titration. 
 
 
 
 
 
 
 
 
 
 
 

Graph of NMR titration. 

 
 

van’t Hoff plot 
ΔHobs and ΔSobs were determined from van’t Hoff plot 
and eq. 1.  
 
 ln Ka = – (ΔH / R)·(1 / T) + ΔS / R   (2) 
 
 

ΔHobs = ‒6.03 kcal mol-1 
ΔSobs = ‒18.5 cal mol-1 K-1 
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NMR titration between 1f and MeOH. 
Concentration of MeOH is 0.2217 M. 
δobs is the chemical shifts at the H atom of MeOH’s hydroxy proton. 

 ∆δ = δobs – δobs
amine/MeOH=0. 

δc is the predicted chemical shift of the complex 2f. 
   
        Results of NMR titration. 
 
 
 
 
 
 
 
 
 
 
 

Graph of NMR titration. 

 
 

van’t Hoff plot 
ΔHobs and ΔSobs were determined from van’t Hoff plot 
and eq. 1.  
 
 ln Ka = – (ΔH / R)·(1 / T) + ΔS / R   (2) 
 
 

ΔHobs = ‒6.09 kcal mol-1 
ΔSobs = ‒18.9 cal mol-1 K-1 
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Computational studies of 1a and 2a. 
Geometry optimizations and energy calculations of 1a for each conformations were performed at 

the MP2(full)/6-31G(d,p).  Geometry optimizations and energy calculations of 2a for each 
conformations were performed at the CP-MP2(full)/6-31G(d,p). 
 

Summary of energies. 
 
 
 
 
 
 
 
Results of 1a. 

 
 
 
Results of 2a. 

 

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation 1a 2a 
(Hartree) (Hartree) 

A -938.51027 -1053.91142 
B -938.50606 -1053.90608 
C -938.50560 -1053.90649 
D -938.50680 -1053.90739 
E -938.50616 -1053.90591 
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Computational studies of 1b and 2b. 
Geometry optimizations and energy calculations of 1b for each conformations were performed at 

the MP2(full)/6-31G(d,p).  Geometry optimizations and energy calculations of 2b for each 
conformations were performed at the CP-MP2(full)/6-31G(d,p). 
 

Summary of energies. 
 
 
 
 
 
 
 
 
Results of 1b. 

 
 
 
Results of 2b. 

 

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation 1b 2b 
(Hartree) (Hartree) 

A -740.49910 -855.89892 
B -740.49554 -855.89573 
C -740.49724 -855.89948 
D -740.49778 -855.89954 
E -740.49678 -855.89657 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009



14 
 

Computational studies of 1c and 2c. 
Geometry optimizations and energy calculations of 1c for each conformations were performed at 

the MP2(full)/6-31G(d,p).  Geometry optimizations and energy calculations of 2c for each 
conformations were performed at the CP-MP2(full)/6-31G(d,p). 
 

Summary of energies. 
 
 
 
 
 
 
 
Results of 1c. 

 
 
Results of 2c. 

 

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation 1c 2c 
(Hartree) (Hartree) 

A -779.73629 -895.13626 
B -779.73316 -895.13355 
C -779.73482 -895.13685 
D -779.73542 -895.13698 
E -779.73445 -895.13439 
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Computational studies of 1d and 2d. 
Geometry optimizations and energy calculations of 1d for each conformations were performed at 

the MP2(full)/6-31G(d,p).  Geometry optimizations and energy calculations of 2d for each 
conformations were performed at the CP-MP2(full)/6-31G(d,p). 
 

Summary of energies. 
 
 
 
 
 
 
 
Results of 1d. 

 
 
 
Results of 2d. 

 

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation 1d 2d 
(Hartree) (Hartree) 

A -542.48683 -657.88709 
B -542.48401 -657.88465 
C -542.48547 -657.88761 
D -542.48631 -657.88775 
E -542.48525 -657.88543 
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Computational studies of 1e and 2e. 
Geometry optimizations and energy calculations of 1e for each conformations were performed at 

the MP2(full)/6-31G(d,p).  Geometry optimizations and energy calculations of 2e for each 
conformations were performed at the CP-MP2(full)/6-31G(d,p). 
 

Summary of energies. 
 
 
 
 
 
 
 
Results of 1e. 

 
 
 
Results of 2e. 

 
 

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation 1e 2e 
(Hartree) (Hartree) 

A -443.47335 -558.87415 
B -443.47102 -558.87193 
C -443.47225 -558.87434 
D -443.47323 -558.87454 
E -443.47224 -558.87257 
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Computational studies of 1f and 2f. 
Geometry optimizations and energy calculations of 1f for each conformations were performed at the 

MP2(full)/6-31G(d,p).  Geometry optimizations and energy calculations of 2f for each 
conformations were performed at the CP-MP2(full)/6-31G(d,p). 
 

Summary of energies. 
 
 
 
 
 
 
 
Results of 1f. 

 
 
 
Results of 2f. 

 

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation A Conformation B Conformation C Conformation D Conformation E

Conformation 1f 2f 
(Hartree) (Hartree) 

A -557.68567 -673.08692 
B -557.68351 -673.08436 
C -557.68455 -673.08661 
D -557.68554 -673.08695 
E -557.68450 -673.08524 
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