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Amination of halopyridines on KF-alumina under microwave irradiation
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A convenient and clean synthesis of halopyridine-2-amines has been provided by amination of halopyridines on KF-
alumina under microwave irradiation with good yields.
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Pyridine-2-amine is an important class of synthetic 
intermediates in organic synthesis, and many compounds 
can be synthesised with them that display biological and 
pharmaceutical activities. Their derivatives are often used 
as ligands in coordination and organometallic chemistry, and 
now have found industrial applications as fluorescent dyes.1

The earlier preparations of aminopyridines which involve 
aromatic nucleophilic substitution by SNAr, benzyne or 
SRN1 either have the problem of nucleophilic region control, 
or have the requirements of high temperature or special 
functional groups in heterocycle, all resulting in low yields 
or poor selectivity.2 The recently developed chelating bis-
phosphine-palladium catalysing cross-coupling reactions for 
the preparation of pyridine-2-amine suffers from the specific 
catalyst that is sensitive to the strong base NaOBu needed in 
the reaction, yet, substituting KF-alumina for NaOBu need 
longer reaction time, toxic solvent toluene and excessive 
amines.3

The microwave assisted organic reactions coupled with 
solvent-free techniques have attracted much attention due to 
their reaction rate enhancement, easier work-up, and in many 
cases, no solvents requirements.4 Here, we report the synthesis 
of pyridine-2-amines by the amination of halopyridines on 
KF-alumina under microwave irradiation without solvent. 
This method is simple and fast to afford good yields.

Firstly, the reaction of 2,5-dibromopyridine with  
2-(methylamino)ethanol (see Scheme 1) can be chosen as a 
representative to investigate the effects of the power and time 
of microwave irradiation, the amounts of KF-alumina (KF/
alumina = 2/3, g/g) and different catalysts (see Table 1).

The results summarised in Table 1 show the catalytic action 

of the used catalyst is relatively obvious, and among the tested 
catalysts, such as KF–Al2O3, KF, alumina, basic alumina, and 
KOH, the KF–Al2O3 combination can give the best yield. It’s 
also shown that the optimum ratio of KF–Al2O3 to substrate 
2,5-dibromopyridine is about 1 : 1(g/mmol), and that the 
seemly irradiation power and time is respectively about 350 
watt and 15 min, higher irradiation power (>350W) and longer 
irradiation time (>15 min) all leading to lower results.

Then the scope of the amination of halopyridines with 
various amines was investigated (see Scheme 2) and the 
results are listed in Table 2.

It is found that the reactions of halopyridines with amines 
occurred smoothly on KF–Al2O3 (0.5 g) under microwave 
irradiation (350W, 15 min) with the yields ranging from 50 
to 86%. It seemed that 2,5-dibromopyridine is more active 
than 2-bromopyridine is, and 2-bromopyridine is more active 
than 2-chloropyridine is, in as much bromine negative ion is 
easier to drop out than chlorine ion. The reactions are general 
applicable to various primary amines and secondary amines, 
yet C6H5NH2, C6H5NHCH3, piperidine and indole did not 
react with 2,5-dibromopyridine under the same conditions, 
owing to their poor nucleophilic ability. The reactions 
proceeded by heating with much longer time; the reaction 
of 2,5-dibromopyridine and 2-methylaminoethanol at 150°C 
gave a yield 80% of 3a in 16 h.

In conclusion, we have provided a simple, fast and 
convenient method for the preparation of pyridine-2-amines 
from halopyridines on KF–Al2O3 under microwave irradiation. 
Additionally, the solvent-free conditions make this procedure 
more economic and environmentally benign.
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Table 1  Effect of power, time, catalyst and amount of catalyst on the yielda of 3a

Powerb/W	 Yield/%	 Timec/min	 Yield/%	 Catalystd	 Yield/%	 Amounte of KF-Al2O3/g	 Yield/%

100	 31	 5	 30	 KF-Al2O3	 86	 0.1	 50
210	 64	 10	 52	 KF	 39	 0.3	 65
350	 86	 15	 86	 Al2O3	 45	 0.5	 86
500	 75	 20	 73	 Basic Al2O3	 57	 1	 80
700	 40	 25	 47	 KOH	 68	 1.5	 71
				    None	 36		
aYields of pure product, all reactions were run on 0.5 mmol 2,5-dibromopyridine and 1 mmol 2-methylaminoethanol; bKF–Al2O3/g, 
0.5, Time/min, 15; cKF–Al2O3/g, 0.5, Power/W, 350; dCatalyst/g, 0.5, Power/W, 350, Time/min, 15; ePower/W, 350, Time/min 15.
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Experimental
Melting points were uncorrected. IR spectra were recorded as KBr 
pellets on VECTOR-22 IR spectrophotometer. 1H NMR spectra were 
recorded on Bruker (400 MHz) spectrometer in DMSO-d6 using 
TMS as an internal standard. Microwave irradiation was run in a 
commercial microwave oven (2450 MHz, 350W) under atmospheric 
pressure. Elemental analysis was performed on Carlo Erba EA 1106 
instrument.

General procedure for synthesis of pyridine-2-amine (3)
KF–Al2O3 (0.5 g) were added to the mixture of halopyridine  
(0.5 mmol), amine (1 mmol) and ethyl ether (2 mmol) in a flask  
(10 ml) at room temperature, shaking and placing for a few minutes, 
followed by distilling off ethyl ether. Then the mixture was subjected 
to microwave irradiation (350W) for 15 min. After cooling, extracted 
the reaction mixture with ethyl ether (10 ml × 3). The combined ether 
solution was evaporated under reduced pressure. The residue was 
further purified by preparative TLC (EtOAC: n-Hexane, 1: 4) to give 
pure product 3.

2-[(5-Bromopyridin-2-yl)methylamino]ethanol (3a): M.p. 38–41°C. 
MS m/z (%), 230 (M+ -1, 33.56), 199 (100), 156 (15.31). IR 3435, 
3312, 2856, 1591, 1540, 1437, 1155. 1H NMR δ 3.01 (3H, s, NCH3), 
3.54 (4H, m, NCH2CH2O), 4.66 (1H, bs, OH), 6.61 (1H, d, J = 9.0 Hz), 
7.60 (1H, d, J = 8.6 Hz) 8.11 (1H, d, J = 3.4 Hz). Anal. Calcd. for 
C8H11BrN2O C% 41.56, H% 4.76, N% 12.12; Found C% 41.63, H% 
4.69, N% 12.10.

2[(Methylpyridin-2-yl)amino]ethanol (3b, 3c): MS m/z (%), 
153(100), 152(M+, 30.07), 135 (21.33), 121 (90.45). IR 3423, 1592, 
1460, 1154. 1H NMR δ 3.05 (3H, s, NCH3), 3.68 (2H, t, J = 4.4 Hz), 
3.81 (2H, t, J = 4.4 Hz), 4.86 (1H, b, OH), 6.56 (2H, m), 7.46 (1H, 
m), 8.04 (1H, m). Anal. Calcd. for C8H12N2O C% 63.13, H% 7.95, 
N% 18.41; Found C% 63.43, H% 7.88, N% 18.30.

2[(5-Bromopyridin-2-yl)amino]ethanol (3d): MS m/z (%), 219 
(97.72), 217(M+, 100), 199 (8.66), 185 (7.87), 78 (5.93).  
IR 3309, 1598, 1446, 1148. 1H NMR δ 3.43 (2H, t, J = 5.6 Hz), 3.77 
(2H, t, J = 5.6 Hz), 4.80 (1H, b, OH), 5.25 (1H, bs, NH), 6.64 (1H, d, 
J = 8.4 Hz), 7.62 (1H, d, J = 3.6 Hz), 8.15 (1H, d, J = 3.0 Hz). Anal. 
Calcd. for C7H9BrN2O C% 38.71, H% 4.15, N% 12.90; Found C% 
38.87, H% 4.11, N% 12.76.

2-(Pyridin-2-ylamino)ethanol (3e): MS m/z (%), 138(M+, 100), 78 
(11.15). IR 3440, 3301, 1587, 1445, 1140. 1H NMR δ 3.65 (4H, m), 
4.85 (1H, b, OH), 5.29 (1H, bs, NH), 6.58 (2H, m), 7.51 (1H, m), 
8.07 (1H, m). Anal. Calcd. for C7H10N2O C% 60.87, H% 7.25, N% 
20.29; Found C% 61.11, H% 7.26, N% 19.94.

2-Benzylamino-5-bromopyridine (3f): M.p. 124–125°C IR 3441, 
3040, 2849, 1603, 1521, 1142. 1H NMR δ 4.45 (2H, d, J = 6.0 Hz), 
6.50 (1H, d, J = 9.2 Hz), 7.22 (1H, NH), 7.31 (5H, m), 7.52 (1H, d,  
J = 3.2 Hz), 8.02 (1H, d, J = 2.4 Hz). Anal. Calcd. for C12H11BrN2 C% 
54.77, H% 4.21, N% 10.65, Found C% 54.90, H% 4.10, N%.10.68.

2-(2-Nitrophenylamino)5-bromopyridine (3g): M.p. 143–144°C 
MS m/z (%), 294(M+, 100). IR 3309, 2924, 1618, 1580, 1498, 1138, 

739. 1H NMR δ 7.03 (1H, d, J = 8.8 Hz), 7.15 (1H, t, J = 7.2 Hz), 
7.66 (1H, t, J = 7.2 Hz), 7.85 (1H, dd, 6.4 and 2.4 Hz), 7.99 (2H, m), 
8.20 (1H, d, J = 2.4 Hz). 9.7(1H). Anal. Calcd. for C11H8BrN3O2 C% 
44.90, H% 2.72, N% 14.29; Found C% 44.85, H% 2.80, N% 14.21.

2-(2-Nitrophenylamino)pyridine (3h, 3i): M.p. 95–98°C IR 3307, 
1618, 1495, 1140. 1H NMR δ 6.93 (1H, m), 7.14 (2H, m), 7.65 (2H, 
m), 8.04 (1H, d), 8.19 (2H, m), 9.66 (1H, bs, NH). Anal. Calcd. for 
C11H9N3O2 C% 61.40, H% 4.19, N% 19.53; Found C% 61.27, H% 
4.21, N% 19.68.

2-Cyclohexylamino-5-bromopyridine (3j): M.p. 45–46°C IR 3267, 
2931, 2852, 1593, 1446, 1394, 1092. 1H NMR δ 1.45-2.05 (11H, m), 
6.30 (1H, d, J = 8.8 Hz), 7.67 (1H, NH), 8.09 (1H, d, J = 1.6 Hz), 
8.47 (1H, d, J = 2.4 Hz). Anal. Calcd. for C11H15BrN2 C% 51.78, H% 
5.93, N% 10.98; Found C% 52.08, H% 5.97, N% 10.66.
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Table 2  Preparation of pyridine-2-amines by amination of 
halopyridines on KF–Al2O3 under microwave irradiationa

Product	 R	 X	 NHR1R2 (2)	 Yield/%

3a	 Br	 Br	 CH3NHCH2CH2OH	 86
3b	 H	 Br	 CH3NHCH2CH2OH	 80
3c	 H	 Cl	 CH3NHCH2CH2OH	 73
3d	 Br	 Br	 NH2CH2CH2OH	 85
3e	 H	 Br	 NH2CH2CH2OH	 80
3f	 Br	 Br	 NH2CH2C6H5	 75
3g	 Br	 Br	 NH2C6H4-NO2-2	 81
3h	 H	 Br	 NH2C6H4-NO2-2	 70
3i	 H	 Cl	 NH2C6H4-NO2-2	 55
3j	 Br	 Br	 C6H12	 50
aYields of pure products, all reactions were run with 
halopyridines (0.5 mmol), amines (1 mmol) and KF–Al2O3 (0.5 g) 
under microwave irradiation (350W) for 15 min.
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