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Abstract. Different secondary amines have been synthesized by re-
ductive amination a variety of aldehydes and anilines with NaBH4/
DOWEX(R)50WX8 as reducing system in THF at room temperature 
in high to excellent yields of products (85-93%).
Key words: NaBH4, DOWEX(R)50WX8, Reductive amination, Car-
bonyl compounds.

Resumen. Se sintetizaron diversas aminas secundarias por aminación 
reductiva de una variedad de aldehidos y anilinas empleando como 
sistema reductor NaBH4/DOWEX(R)50WX8 en THF a temperatura 
ambiente con rendimientos de altos a excelentes.
Palabras clave: NaBH4, DOWEX(R)50WX8, aminación reductiva, 
aminas secundarias.

Introduction

Amines are important in drugs and in active pharmaceuti-
cal intermediates. Amines can be achieved by reduction of 
nitro, cyano, azide, carboxamide derivatives or alkylation of 
amines (using alkyl halides or sulfonates). On the other hand, 
direct reductive amination (DRA) is other approach which of-
fers significant advantages. Reductive amination reaction in a 
single operation can be performed by some non-borohydride 
reducing system [1]. Also, a variety of borohydrides reduc-
ing systems and reducing agents have been used for DRA 
such as Lewis acid /THF then NH3BH3 [2], NaBH4/cellulose 
sulfuric Acid/EtOH [3], NaBH4-silica chloride [4], NaBH4-
silica-gel-supported sulfuric acid [5], [Zr(BH4)2(Ph3P)2] [6], 
2-picoline–BH3 [7], 5-ethyl-2-methylpyridine borane/ AcOH 
[8], sodium tetrakis [3,5-di (trifluoromethyl)phenyl]borate 
(NaBArF

4)/ hydrioiridium(III) complex/H2O [9], NaBH4-
H3PW12O40 [10], NaBH4/guanidine hydrochloride/H2O [11], 
Cu(PPh3)2BH4, MeOH/NH2SO3H [12], NaBH4/ Brønsted acid-
ic ionic liquid (1-butyl-3-methyl imidazolium tetrafluoroborate 
[(BMIm)BF4]) [13], NaBH4/ LiClO4/diethyl ether [14], zinc 
borohydride N-methyl piperidine [15], dibutylchlorotin hy-
dride complex [16], NaBH4-PhCO2H, NABH4/p-TsOH [17], 
Zr[(BH4)2(Cl)2(dabco)2] [18], benzylamine–BH3 [19], NaBH4-
NiCl2 [20], (t-Bu)(Me)(i-Pr)N–BH3 [21], silicagel-Zn(BH4)2 
[22], Ti(O-i-Pr)4-NaBH4 [23], NaBH4-wet-clay-microwave 
[24], NaBH4-H2SO4 [25], NaBH4/Mg(ClO4)2 [26], 2,6-dibo-
rane–methanol [27], NaBH3CN [28] and NaBH4/X(OH)3 (X: 
B, Al, Ga) [29]. These methods have many advantages and 
some disadvantages such as toxic byproducts, excess amount 
of reagents, using expensive reagents, prolonged reaction 
time, higher reaction temperature, acidic conditions and so on. 
Therefore, there is interest in developing synthesis of secondary 
amines under new systems. So, in continuing our efforts for the 
development of new reducing systems [30], we have carried 
out extensive re-examination of the DRA reaction to develop a 
convenient system by NaBH4/DOWEX(R)50WX8 as reducing 
system in THF at room temperature.

Results and Discussion

Recently, we have reported that the DOWEX(R)50WX4 (low 
price cation exchange resin, strong acid) can be used as recy-
clable catalyst for the regioselective synthesis of Oximes by 
NH2OH.HCl/DOWEX(R)50WX4 system [31], reduction of a 
variety of carbonyl compounds such as aldehydes, ketones, α-
diketones, acyloins and α,β-unsaturated carbonyl compounds 
to their corresponding alcohols by NaBH4/DOWEX(R)50WX4 
system [32] and the synthesis of cyanohydrins by NaCN/
DOWEX(R)50WX4 [33]. In this context, we now wish to re-
port an efficient, facile one-pot reductive mono-N-alkylation 
of anilines using aldehydes by NaBH4/DOWEX(R)50WX8 as 
reducing system in THF at room temperature. The model reac-
tion has been selected by reductive amination of benzaldehyde 
with aniline. This reaction was carried out in different solvents, 
different amounts of the NaBH4 and DOWEX(R)50WX8 for 
the selection of appropriate conditions at room temperature. 
Among the tested different solvents, the reaction was most 
facile and proceeded to give the highest yield in THF. The 
optimization reaction conditions showed that using 1 molar 
equivalents of NaBH4 and 0.5 g of DOWEX(R)50WX8 in THF 
were the best conditions to complete the reductive amination of 
benzaldehye (1 mmol) and aniline (1 mmol) to N-benzylaniline 
(Table 1, Entry 1). Our observation reveals that reductive ami-
nation completes within 20 min with 91% yields of product as 
shown in scheme 1.

The efficiency of this protocol was further examined by us-
ing various structurally different aldehydes and anilines. In this 
approach, the corresponding secondary amines were obtained 
in excellent yields (88-93%) and within appropriate times (20-
45 min) as shown in Table 2.

Imine formation is usually the rate-determining step for 
reductive aminations therefore addition of co-reactants is de-
sirable. It is notable, in the absence of DOWEX(R)50WX8, 
imine formation does not occur and the aldehyde is reduced 
to benzyl alcohol as shown in scheme 1. Since the insolubility 
of DOWEX(R)50WX8 in THF, the reaction takes place under 
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heterogeneous conditions. The mechanism for the influence of 
DOWEX(R)50WX8 is not clear, but as shown in scheme 2, we 
think that with the addition of DOWEX(R)50WX8 (as cation 
exchange resin, strong acid) to the reaction mixture (substrate 
& NaBH4 in THF), Na+ with H+ slowly being changed and 
hydrogen ion concentration increase (scheme 2, step II). There-
fore, carbonyl group can be protonated, thus it is more readily 
to attack the nitrogen of aniline for the imine formation (scheme 
2, step III). Also, this process causes to protonate nitrogen of 
the imine as intermediate (scheme 2, step V). Consequently 
the imine intermediate become more reducible by reducing 
agents (scheme 2, step VI). On the other hands, we observed 

sodium borohydride is decomposed thus, THF-BH3 complex 
is formed and hydrogen gas slowly is liberated in situ (scheme 
2, step IV) [21]. Hydrogen gas generation seems to be directly 
related to concentration of H+ (scheme 2, step II & Table 1, 
entries 7) and the solubility of the NaBH4 (scheme 2, step I) in 
the reaction solvent.

The synergistically generated molecular hydrogen com-
bines with more easily hydride attack to protonated imine inter-
mediate, thus accelerates the rate of reduction reaction (scheme 
2, step VI).

The reductive amination of cinnamaldehyde with 1 molar 
equivalents of aniline and 4-methyl aniline by 1 molar equiva-

Table 1. Optimization of the Reductive Amination of Benzaldehyde (1 mmol) and Aniline (1 mmol) to Benzylaniline with NaBH4 and 
DOWEX(R)50WX8 at Room Temperature.

Entry NaBH4/mmol DOWEX(R)50WX8/g Solvent/3 mL Time/min Yieldsa /%
1 1 0.5 THF 20 91
2 1 0.5 CH3CN 50 80
3 1 0.5 EtOH 60 80
4 1 0.5 CH3OH 60 75
5 1 0.5 CH2Cl2 60 20
6 1 0.5 Et2O 40 85
7 1 1 THF 15 93
8 1 0.2 THF 60 50
9 0.5 0.5 THF 60 30

a Yields refer to isolated pure benzylaniline (±3%).

Scheme 1. The Reductive amination of benzaldehyde with aniline to benzylaniline 
based on optimized reaction conditions.

Scheme 2. The mechanism for the influence of DOWEX(R)50WX8.
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lents of NaBH4 in the presence of 0.5 g of DOWEX(R)50WX8 
was carried out exclusively in 1,2-reduction manner within 20 
minutes at room temperature as shown in scheme 3. In these 
reactions the corresponding cinnamylanilines were obtained in 
90-91% yields (Table 2, entries 22-23).

The reductive amination of aldehyde in the presence of 
ketones was 100%. So, this is a general trend for the reduc-
tive amination of various aldehydes in the presence of ketones 
(scheme 4).

We have also checked the reusability of the catalyst us-
ing the recovered DOWEX(R)50WX8 from the reductive 

amination reaction. It was observed that recovered catalyst 
could be satisfactorily used for the second run without regen-
eration. Whereas, third run of the recovered catalyst leads to 
poor yields and longer reaction times. After regeneration of 
DOWEX(R)50WX8 (It was stirred in HCl 10-5% for 30-60 
minutes, then washed with distillated water), the reduction re-
action has been carried out like the first run in the presence of 
the regenerated DOWEX(R)50WX8.

The products were determined from the 1H-chemi-
cal shift of the CH2 group which appeared around 4.22-4.68 
ppm as a singlet. Also the NH stretching frequency in FT-

Table 2. Reductive Amination of Aldehydes (1 mmol) with Anlines (1 mmol) by NaBH4 (1 mmol) in the presence of DOWEX(R)50WX8 
(0.5 g) in THF (3 mL) at room temperature.
Entry Aldehydes Anilines Products δ CH2/ 

ppm
υ- NH/ 
cm−1

Time/ 
min

Yieldsa/ 
%

1 benzaldehyde aniline N-benzylaniline 4.31 3418 20 91
2 benzaldehyde 4-bromoaniline N-benzyl-4-bromoaniline 4.28 3427 20 93
3 benzaldehyde 4-methoxyaniline N-benzyl-4-methoxyaniline 4.28 3411 20 90
4 benzaldehyde 4-methylaniline N-benzyl-4-methylaniline 4.29 3413 25 90
5 4-bromobenzaldehyde aniline N-(4-bromobenzyl)aniline 4.29 3408 20 88
6 4-bromobenzaldehyde 4-methoxyaniline N-(4-bromobenzyl)-4-methoxyaniline 4.24 3421 40 88
7 4-methylbenzaldehyde 4-bromoaniline N-(4-methylbenzyl)-4-bromoaniline 4.22 3384 30 93
8 4-methylbenzaldehyde aniline N-(4-methylbenzyl)aniline 4.24 3419 40 92
9 4-methylbenzaldehyde 4-methylaniline N-(4-methylbenzyl)-4-methylaniline 4.23 3416 20 92
10 4-methylbenzaldehyde 4-methoxyaniline N-(4-methylbenzyl)-4-methoxyaniline 4.22 3390 35 90
11 4-methoxybenzaldehyde 4-methylaniline N-(4-methoxybenzyl)-4-methylaniline 4.22 3413 20 90
12 4-methoxybenzaldehyde aniline N-(4-methoxybenzyl)aniline 4.24 3410 40 93
13 4-nitrobenzaldehyde aniline N-(4-nitrobenzyl)aniline 4.47 3427 20 90
14 2-methoxybenzaldehyde 4-bromoaniline N-(2-methoxybenzyl)-4-bromoaniline 4.29 3388 45 89
15 4-methoxybenzaldehyde 4-methylaniline N-(4-methoxybenzyl)-4-methylaniline 4.29 3419 40 89
16 4-bromobenzaldehyde 4-methylaniline N-(4-bromobenzyl)-4-methylaniline 4.27 3410 20 90
17 3-nitrobenzaldehyde aniline N-(3-nitrobenzyl)aniline 4.46 3415 20 92
18 2-nitrobenzaldehyde 4-methylaniline N-(2-nitrobenzyl)- 4-methylaniline 4.68 3417 20 89
19 2-methoxybenzaldehyde 4-methoxyaniline N-(2-methoxybenzyl)-4-methoxyaniline - 3410 30 85
20 2-methoxybenzaldehyde aniline N-(2-methoxybenzyl)aniline - 3409 30 89
21 2-nitrobenzaldehyde 4-methoxyaniline N-(2-nitrobenzyl)- 4-methoxyaniline 4.66 - 20 92
22 cinnamaldehyde aniline N-cinnamylaniline 3.90 3412 20 90
23 cinnamaldehyde 4-methylaniline N-cinnamyl-4-methylaniline 3.83 3414 20 91

a Yields referee to isolated pure products (±3%).

Scheme 3. The reductive amination of cinnamaldehyde with aniline to cinnamyla-
niline based on optimized reaction conditions.
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IR spectrum appeared around 3380-3427 cm−1as shown in 
table 2.

Experimental

General

All substrates and reagents were purchased from commercially 
sources with the best quality and used without further purifica-
tion. IR and 1H NMR spectra were recorded on PerkinElmer 
FT-IR RXI, 100 and 400 MHz Bruker spectrometers, respec-
tively. The products were characterized by their 1H NMR or 
IR spectra and comparison with authentic samples (melting 
or boiling points). Organic layers were dried over anhydrous 
sodium sulfate. All yields referred to isolated pure products. 
TLC was applied for the purity determination of substrates, 
products and reaction monitoring over silica gel 60 F254 alu-
minum sheet.

Reductive amination of benzaldehyde 
and aniline with NaBH4/DOWEX(R)50WX8, 
A typical procedure

In a round-bottomed flask (10 mL) equipped with a magnetic 
stirrer, a solution of benzaldehyde (0.106 g, 1 mmol) , aniline 
(0.093 g, 1 mmol) and DOWEX(R)50WX8 (0.5 g) in THF (3 
mL) was prepared. The resulting mixture was stirred for 5 min 
at room temperature. Then the NaBH4 (0.036 g, 1 mmol) was 
added to the reaction mixture and stirred at room temperature. 
TLC monitored the progress of the reaction (eluent; CCl4/Ether: 
5/2). The reaction was filtered after completion within 20 min. 
Evaporation of the solvent and short column chromatography 
of the resulting crude material over silica gel (eluent; CCl4/
Ether: 5/2) afforded the N-benzylaniline (0.l66 g, 91% yield, 
Table 2, entry 1).

Conclusions

In this investigation, we have shown that the NaBH4/
DOWEX(R)50WX8 is suitable for the reductive amination of 
a variety of aldehydes and anilines to their corresponding sec-

ondary amines in high to excellent yields. Reduction reactions 
were carried out with 1 molar equivalents of NaBH4 in the pres-
ence of 0.5 g DOWEX(R)50WX8 in THF at room temperature. 
High efficiency of the reductions, shorter reaction times and 
easy work-up procedure makes as an attractive new protocol 
for reductive amination of aldehydes and it could be a useful 
addition to the present methodologies.
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