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Catalytic transfer reductive cleavage of azo compounds to amines using 
chitosan-supported formate and zinc
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A convenient method for the cleavage of azo derivatives to the corresponding amines using chitosan-supported 
formate as hydrogen donors in conjunction with zinc is described.
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Catalytic transfer hydrogenation (CTH), using stable hydro-
gen sources in the presence of metal catalyst is a useful method 
for reductive functional group transformations in organic 
synthesis. Several hydrogen donors such as cyclohexene,1 
1, 4-cyclohexadiene,2 2-propanol,3 hydrazine,4 formic acid,5 
ammonium formate,6 triethylammonium formate7 and hydra-
zinium monoformate8 have been employed as the hydrogen 
source in transfer hydrogenation. Ammonium formate was the 
more convenient and efficient reductant for the cleavage of 
organic compounds compared to other hydrogen sources. 
However ammonium formate itself did have some limitations. 
This reagent could sublime and block apparatus, and it released 
the gaseous by-products (ammonia and carbon dioxide) by 
decomposition. It gave deposits on the cold surfaces of the 
reactor lines, which created significant problems when 
performed on a large scale. In addition, the use of ammonium 
formate as hydrogen donor often posed complications during 
the isolation and purification of water-soluble products. Immo-
bilised formate on polymeric supports has been developed to 
solve these problems. It offers advantages over the conven-
tional solution phase reactions in terms of clean and green 
processes. In the past few years, several strategies have been 
reported using the polymer-supported formate as a hydrogen 
donor in CTH.9–13 In the past, most of the studies have been 
performed using synthetic polymers; but this type of polymer 
supports is not environmentally friendly and is rather compli-
cated to prepare. Consequently, the development of biodegrad-
able, non-toxic, readily and cheaply available supports is 
highly desirable.

Chitosan is an abundant and renewable biopolymer which 
contains amino groups that account for its unique properties14. 
This biopolymer can be prepared in different forms such as 
flakes, gel beads, membranes, fibers, hollow fibres and 
sponge.15 Hence chitosan and its derivatives have attracted 
attention as polymeric supports in various fields, especially in 
oxidation16–19 and reductive hydrogenation reactions.20–24 
Despite the rapid development of chitosan-supported chemis-
try over the last few years, there are few reports of chitosan-
supported formate (CSF) as hydrogen donors in CTH. 
The major limitation of chitosan is its solubility in most dilute 
mineral and organic acid solutions.25 Many attempts have 
been made to improve its chemical stability through chemical 
modification using different cross-linking agents. In our work, 
we prepared a highly porous chitosan resin using epichlorohy-
drin (ECH) as a cross-linking agent by reacting the hydroxyl 
groups while retaining the amine groups of chitosan. This pre-
vents the dissolution of chitosan in acid and other chemicals. 
When the cross-linked chitosan resins were treated with a 
formic acid solution, the CSF were obtained. Our investiga-
tions revealed that the use of CSF as a hydrogen donor in 
conjunction with zinc cleaved the azo derivatives to the 
corresponding amine (s) in a cost-effective, rapid and simple 
reaction.

The highly porous chitosan resins were made by emulsion 
method using chitosan powder dissolved in 2.0% aqueous 
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acetic acid and paraffin oil with Span 8025. A volume of 10 mL 
of 12.5  mol  L−1 ECH was added to the chitosan solution and 
the temperature was maintained at 60 °C for 2 h. Subsequently, 
50 mL of 0.1 mol L−1 NaOH was added dropwise and the 
system was boiled for 3 h under constant stirring. The product 
which was obtained was filtered, washed several times with 
distilled water and ethanol, and then dried in a vacuum. Finally, 
the resin was packed in a column and treated with an excess 
of 50% solution of formic acid repeatedly to give the CSF. 
The resulting resin was washed with water several times, dried 
under vacuum and used directly for a catalytic reduction 
(Scheme 1).

The generality of this catalytic reduction methodology has 
been investigated with series of azo compounds (Table 1). All 
the products were purified by column chromatography over 
silica gel and characterised by comparison of their TLC, melt-
ing points, IR spectra, and 1H NMR spectra. We first examined 
the reduction of substituted azo compounds ((Table 1) with 
CSF and zinc in methanol. The reactions were rapid (20–
40 min) and high yielding (84–95%) and there was a selective 
reduction of the azo compounds to the corresponding amine(s). 
Substituents such as –Me, –OMe, –OH, –C(CH3)3 and –CONH2 
were not affected under the reaction conditions. Based on these 
encouraging results, the scope of this catalytic reduction was 
further extended. As seen in Table 1, other functional groups, 
such as alkene, nitrile, carbonyl and halogens, all of which are 
known to be susceptible to catalytic hydrogenation were also 
compatible with the reaction conditions. However interest-
ingly, when the substrate contained a carbonyl group, Schiff 
base complexes were observed in the reduction products, 
revealing the formation of an imine from an amino group and 
carbonyl group.

In addition, we discovered the reactions were sensitive to 
steric and electronic effects from the substituents. The reduc-
tion of alky-substituted azo compounds (Table 1, entries 2 and 
3) to the corresponding amine (s) proceeded in good yields at 
room temperature. While the cleavage of the more sterically 
hindered azo compounds was inefficient at room temperatures, 
a good conversion was obtained at reflux with longer reaction 
times (Table 1, entry 4). The results also revealed that electron-
donating groups facilitated the reaction while electron-
withdrawing groups lengthened the reaction time.

In order to improve the yields, reactions were performed 
using different amounts of reagents. The best results were 
obtained at mass ratio 1:0.1:0.5 of CSF, zinc power, and azo 
compound. Experiments in the absence of either CSF or zinc 

Scheme 1



56 JOURNAL OF CHEMICAL RESEARCH 2013

powder did not yield the reduced compound. The results 
showed that the combination of CSF and zinc powder is essen-
tial to carry out the reduction. The probable reduction mecha-
nism proceeded through the degradation of CSF into hydrogen 
which induced the reduction of azo compounds. Furthermore, 
it is worth noting that the CSF could be regenerated and reused 
for further hydrogenolysis processes. In most of the reactions, 
we found the reaction yields retained the typical values 
throughout six successive recycle runs.

In conclusion, the use of CSF and zinc powder provides a 
very simple and efficient procedure for the smooth hydrogena-
tive cleavage of azo compounds to the corresponding amine(s). 
The method combines the advantages of polymer-supported 
chemistry with the flexibility of the CTH technique, including 
a cost effective safe reaction medium, rapidity, ease of 
operation, and a simple recovery of the hydrogen donor. This 
distinguishes this procedure from others catalytic transfer 
hydrogenation and will hopefully prove to be of wide use in 
organic synthesis.

Experimental

Chitosan with a deacetylation percentage of approximately 99% was 
a product of Shanghai Fuqiang Biochemical Co. Ltd. (China). It was 
purified before use by dissolving it and precipitating several times, 
then extracting it in a Soxhlet apparatus with acetone for 24 h, and 
dried at 40 °C under vacuum. Epichlorohydrin and formic acid were 
obtained from Shanghai Chemical Ltd (China). Zinc dust was 
purchased from Beijing Chemical Ltd (China). The other substances 
were either commercial products and were used as purchased or were 
prepared according to literature procedures. All of the solvents used 
were analytical grade and purified according to standard procedures.

TLC was carried out on silica gel plates obtained from Shanghai 
chemical Ltd (China). The melting points were determined by using a 
TX-4 melting point apparatus and are uncorrected. IR spectra were 
taken with KBr pellets on a Perkin-Elmer FTIR 1725 spectrometer. 
The 1HNMR spectra were recorded on a Mercury-Plus 400 MHz spec-
trometer using CDCl3 as the solvent and TMS as internal standard. 

Reductive cleavage of azo compounds; general procedure 
Zinc dust (5 mmol) was added to a suspension of the appropriate azo 
compound (5 mmol) in methanol (15 mL), CSF (1g), and stirred under 
nitrogen atmosphere at room temperature. The progress of the reactio n 
was monitored by TLC. The separation of products from the reaction 
mixture and involved in most of the cases, direct removal of the catalys t 
and resin by filtration and evaporation of the solvent under vacuum. 
The crude product, as isolated, was of excellent purity for most pur-
poses. Water-soluble aromatic amines were obtained in high yields.

For recycling purposes, the residue of the catalyst containing the 
CSF was washed thoroughly and successively with dimethylfor-
mamide (DMF), dichloromethane, and a 50% solution of formic acid. 
The activated resin was dried under vacuum and used as such for 
further reduction reaction.
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Table 1 Hydrogenative cleavage of azo compounds using chitosan-supported formate and zinc

Entry Temp/ °C 
/Time/min

Yield/%a M.p./ °C

Found Lit.

 1 R=H, R’=H 25/8 95 112b 11426

 2 R= 3-CH3, R’= 3’-CH3 25/8 95 124–125c 12526

 3 R= 2-CH3, R’= 2’-CH3 25/10 93 142–143c 14426

 4 R= 2-C(CH3)3, R’= 2’-C(CH3)3 65/15 91 231–232d 23327

 5 R= 4-OCH3, R’= 4’-OCH3 25/13 90  58–59 5726

 6 R= 4-OH, R’= 4’-OH 25/10 96 189–191 18926

 7 R= 4-CONH2, R’= 4’-CONH2 25/12 94 181 18326

 8 R= 2-Br, R’= 2’-Br 25/15 87  28–30 3026

 9 R= 4-Cl, R’= 4’-Cl 25/12 89  71 7226

10 R= 4-vinyl, R’= 4’-vinyl 25/10 93 242d 24926

11 R= 4-CHO, R’= 4’-CHO 25/12 90  70–71 7126

12 R= 4-CN, R’= 4’-CN 25/13 89  84–85 8627

13 R= 3-COCH3, R’= 3’-COCH3 25/15 91  98–99 9926

14 1,2-di(naphthalen-1-yl)diazene 25/9 96  50 5028

15 1,1’-(diazene-1,2-diyl)bis(naphthalen-2-ol) 25/10 95  50 5128

a Yield refer to pure isolated products.
b Isolated as acetyl derivative.
c Isolated as benzoyl derivative.
d Boiling point.
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