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Abstract 
Pyridine-aminoalcohol ligands were synthesized and evaluated as catalyst generated in situ from 
RuCl2(PPh3)3 for transfer hydrogenation of aromatic ketones. It was found that the ligand I was more active 
than II. 
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1. Introduction 
Transfer hydrogenation (TH) of aromatic ketones is one 
of the most significant reactions in the synthesis of 
pharmaceutics. Although direct hydrogenation is more 
widely applied, TH is a preferable method because of 
the ready availability of hydrogen donor and low cost of 
reducing agents [1-6]. Over the last two decades, 
various aminoalcohol ligands (I-III) have been tested in 
many reactions, such as the addition of diethyl zinc to 
aldehydes [7,8] Friedel-Crafts alkylation of indoles [9], 
Henry reaction [10] and transfer hydrogenation of 
ketones [11-15]. Brunner and co-workers also prepared 
pyridine-aminoalcohol ligands (IV-V), which contain 
phenolic hydroxyl group and investigated their catalytic 
activities in TH (Figure 1)[16-18]. 
 

 
Figure 1. Aminoalcohol ligands. 
 
As far as I know, these ligands (I, II) have not been 
utilized in ATH, even though they had been synthesized 
before [7-9]. In the study reported here, two pyridine-
amino alcohol ligands bearing alkylgroup at α-positon 

were synthesized to apply them for TH reaction of 
aromatic ketones. 
 
2.  Materials and Methods 
All reactions were performed under argon atmosphere. 
Pyridine-aminoalcohols (I, II) were synthesized 
according to the literature [7,8,17,19]. 1H NMR (400 
MHz) and 13C NMR (100 MHz) spectra were measured 
using Varian 400 spectrometer with CDCl3 as the 
solvent. Elemental analyses were performed with Perkin 
Elmer 2400 elemental analyser. The yields of the 
catalytic products were determined by GC analyses 
using Thermo-Finnigan gas chromatography with HP-5 
capillary column. 
 
2.1 General procedure for the synthesis of I,II 
The solution of 2-pyridinecarboxaldehyde (1.0 g, 9.34 
mmol) and aminoalcohol (9.34 mmol) in dry toluene 
(10 mL) in a flask was heated to reflux for overnight. 
After cooling, toluen was removed in vacuum. The 
residue was dissolved in MeOH. NaBH4 was slowly 
added to the mixture. After stirring at room temperature 
for 1 h, the mixture was refluxed overnight. The solvent 
was removed. The residue was dissolved in CH2Cl2 and 
extracted with H2O. The organic layer was dried over 
Na2SO4, filtered and then concentrated in vacuo. 
 
I: 1H NMR (400 MHz, CDCl3, TMS, 25 °C, ppm): 0.95 
(3 H, t, J = 7.5 Hz, CH3CH2), 1.44-1.57 (2 H, m, 
CH3CH2), 2.59-2.65 (1 H, m, NCHCH2OH), 3.35-3.39 
(1 H, m, NCHCH2OH), 3.62-3.66 (1 H, m, 
NCHCH2OH), 3.93 (2 H, dd, J = 14.6 Hz, PyCH2NH), 
7.14-7.18 (1 H, m, Py-H), 7.24-7.26 (1 H, m, Py-H),  
7.61-7.65 (1 H, m, Py-H), 8.53-8.54 (1 H, m, Py-H). 13C 
NMR (100 MHz, CDCl3, TMS, 25 °C, ppm): 10.1 
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(CH3CH2), 23.5 (CH3CH2), 51.8  (PyCH2NH), 59.7 
(NCHCH2OH), 62.4 (NCHCH2OH), 121.3; 121.8; 
136.3; 148.0; 159.7 (Py-C). Anal. Calc. for C10H16N2O: 
C, 66.63; H, 8.95; N, 15.54. Found: C, 66.59; H, 8.92; 
N, 15.51. 
 
II: 1H NMR (400 MHz, CDCl3, TMS, 25 °C, ppm): 
0.91, 0.99 (6 H, d, J = 6.8 Hz, CH(CH3)2), 1.79-1.88 (1 
H, m, CH(CH3)2), 2.45-2.50 (1 H, m, NCHCH2OH), 
3.42-3.47 (1 H, m, NCHCH2OH), 3.65-3.69 (1 H, m, 
NCHCH2OH), 3.89-4.04 (2 H, dd, J = 14.8 Hz, 
PyCH2NH), 7.15-7.19 (1 H, m, Py-H), 7.25-7.27 (1 H, 
m, Py-H),  7.62-7.66 (1 H, m, Py-H), 8.54-8.55 (1 H, m, 
Py-H). 13C NMR (100 MHz, CDCl3, TMS, 25 °C, ppm): 

18.7,19.4 (CH3)2CH), 29.4 (CH3)2CH), 52.4  
(PyCH2NH), 61.3 (NCHCH2OH), 64.7 (NCHCH2OH), 
122.0; 122.3; 136.7; 148.9; 159.9 (Py-C). Anal. Calc. 
for C11H18N2O: C, 68.01; H, 9.34; N, 14.42. Found: C, 
67.95; H, 9.30; N, 14.38. 
 
2.2 General procedure for the transfer 
hydrogenation reaction [4] 
To a two-necked flask was added RuCl2(PPh3)3(4 
mol%), pyridine-aminoalcohol ligand (I or II) (4 

mol%), ketone (1 mmol) and isopropylalcohol (IPA) (5 
ml). Then, KOtBu (1 mmol) was added, and the solution 
was heated at 80°C under argon atmosphere. After 6 h, 
the solvent was removed in vacuum. The residue was 
dissolved in hexane-ethylacetate (1:1) mixture and 
filtered. The yields were determined by GC. 
 
3. Results and Discussion 
Pyridine-aminoalcohol ligands (I,II) were prepared by 
two-step reactions, according to the previously 
published procedure (Figure 2). The ligands (I,II) were 
characterized by NMR analyses and the NMR values 
were consistent with the literature (Figure 3)  
[7,8,17,19,20]. 
 

 
Figure 2. Synthesis of pyridine-aminoalcohol ligands 
(I, II). 

 

 
(a) 

 

 
(b) 
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(c) 

 

 
(d) 

Figure 3. 1H and 13C NMR spectra of pyridine-aminoalcohol ligands (a,b) I, (c,d) II. 
 
The synthesized ligands were evaluated in the TH 
reaction of aromatic ketones. The catalytic experiments 
were performed using % 4 mol ligand and % 4 mol 
RuCl2(PPh3)3 as ruthenium source at 80 °C in IPA. The 
results were shown on Table 1.  
 
Table 1. Transfer hydrogenation (TH) of ketones using 
the ligand I, II. 

 
 

Entry Ketone Ligand Yield (%) 
1 

PhCOCH3 
I 80 

2 II 62 

3 
4’-Cl-PhCOCH3 

I 91 
4 II 90 
5 

4’-MeO-PhCOCH3 
I 61 

6 II 50 
7 

2’-Cl-PhCOCH3 
I 99 

8 II 99 
9 

2’-MeO-PhCOCH3 
I 87 

10 II 72 

 
As can be seen from Table 1, moderate to good yields (61–
99%) are obtained. The electron-with drawing substituents 
on acetophenone gave rise to better yield (up to 90%) 
within 6 h at 80 °C. A comparison of para-substituted 
ketones with the ortho-substituted ones, para position 
gave lower yields. 
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Figure 4. 1H NMR spectra of the catalytic products. 
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4. Conclusion 
Two pyridine-aminoalcohol ligands were prepared and 
tested as catalysts for the first time in TH reaction. They 
showed good activity for aromatic ketones, and 
moderate to high yields were obtained. It was found that 
the steric effect of ligand affected the catalytic 
performance in TH. Ligand I was found to be more 
efficient than II in transfer hydrogenation. 
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