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ABSTRACT: Pd and Co nanoparticles were deposited on cellulose for use as a heterogeneous 

catalyst in the bimetallic catalytic reduction reaction. The catalyst was characterized with Energy 

Dispersive X-Ray Spectroscopy, X-Ray Diffraction pattern, Thermal Gravimetric Analysis, Flame 

Atomic Absorption Spectroscopy, and Transmission Electron Microscopy, and applied in the 

reduction reaction of nitroaromatics using NaBH4 at room temperature. Aromatic amines  

were obtained as the sole product of the reduction reaction during 2h. This reaction has some 

advantages such as mild reaction conditions, high yield, green solvent, and recyclable catalyst. Also, 

the recovered catalyst is applicable in the reduction reaction for 4 times without a significant 

decrease in the activity. 
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INTRODUCTION 

Reduction of aromatic and aliphatic nitro compounds 

is one of the most important reactions in the organic 

synthesis for the preparing of amines [1-3]. Aromatic 

amines are intermediates in the preparation of dyes, 

antioxidants, pharmaceuticals, and agrochemicals [4-6]. 

Various methods have been introduced for the reduction 

of aromatic nitro compounds [7-9], which all of them use 

a hydrogen source such as alcohols, hydrazine hydrates, 

silanes, and formats [10-18]. The application of sodium 

borohydride (NaBH4) in combination with metal 

nanoparticles represents an important catalytic system for 

the reduction of organic nitro compounds in modern 

preparative chemistry. Reduction of the organic nitro 

compound into the corresponding amine with NaBH4  

 

 

 

does not perform under normal conditions [19], instead, 

NaBH4 in combination with transition metal halides such 

as Co, Ni, Cu is an efficient route for this reaction 

[20,21]. NaBH4, in protic moieties, reduces transition 

metal ions to produce metal boride nanoparticles which 

allow to the rapid reduction of the nitro compound  

into their corresponding amine [22-24]. Recently, some 

of the transition metals such as Pd and Au showed good 

catalytic activity in the reduction of nitro compounds [25]. 

However, a great enhancement in the reduction rate was 

observed for bimetallic systems such as Pd-Ni, Pd-Cu, 

and Pd-Ag [26]. 

Today, the importance of heterogeneous catalysts  

is irrefutable for any catalyst researcher. Supported  
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nanometals are one of the most important categories of 

heterogeneous catalysts with broad applications in the 

industry [27-30]. Various supports such as silica, zeolite, 

alumina, titania, and carbon nanotube were applied for 

the metal nanoparticles. Among them, cellulose has been 

attracted great attention due to some advantages such as 

hydrophilicity, chirality, biodegradability, and high 

functionality. In recent years wide studies were 

performed on cellulose and its derivatives focusing on 

their biological, chemical, as well as mechanical 

properties. Cellulose and its derivatives can be used as  

a support since they are renewable, biodegradable and 

non-toxic [31]. Cellulose supported Cu(0) for Aza-Michael 

addition [32], Pd(0) for Heck and Sonagashira couplings 

[33,34], Cu(I)/Pd(0) for Click cyclization [35], Pd(0) for 

epoxidation of ethylbenzene [36], Co(II) for the oxidation 

reactions [37,38], gold for oxidation reactions [39], and 

Pd/graphene quantum dots for the reduction of 

nitroaromatics [40] are some example of cellulose 

supported catalysts. 

Metal nanoparticles are interesting catalysts due to 

high surface area compared to their bulk counterparts 

leading to improved catalytic activities. The highly active 

surface of these nanoparticles could lead to aggregation 

of the nanoparticles which the aggregation decrease  

the catalytic activity. Deposition of metal nanoparticles 

on the support is a convenient method for avoiding of  

the aggregation. In continuation of our efforts to the 

development of a new catalytic system with cellulose  

as the support [34-40], herein a new efficient bimetallic 

catalytic system was introduced for the reduction of 

nitroaromatics by Pd(0) and Co(0) Nanoparticles 

supported on Cellulose (PCNC) as a heterogeneous 

recoverable catalyst with NaBH4 as a reducing agent 

(Scheme 1).  

 

EXPERIMENTAL  SECTION 

Cellulose was purchased from Merck with a particle 

size ≤ 20% less than 20 μm, ≤ 2% greater than 160 μm, 

and ≥ 80% between 20 and 160 μm. The chemicals were 

purchased from Merck and used without further 

purification. Energy Dispersive X-ray Spectroscopy 

(EDS) was performed with a Scanning Electron 

Microscope of TSCAN company. Transition Electron 

Microscopy (TEM) micrograph was obtained with  

LEO 912AB electron microscope. Au determination  
 

 

 

 

 

 

Scheme 1: Reduction reactions of nitrobenzene. 

 

was carried out on a Flame Atomic Absorption 

Spectroscopy (FAAS) (Shimadzu model AA-680 atomic 

absorption spectrometer) with a hollow cathode lamp. 

 

Synthesis of PdNPs@Cellulose 

Cellulose (1 g) was stirred with PdCl2 (0.05 g) in H2O 

(10 mL) for 24h. 5 mL of NaBH4 (0.07 g) solution  

was added to the reaction vessel during 1h. The mixture 

was stirred for 24h and then, PdNPs@Cellulose  

was obtained after filtration, washing with H2O (3 × 10 mL) 

and drying in an oven (70 °C).  

 

Synthesis of CoNPs@Cellulose 

Cellulose (1 g) was stirred with CoCl2.6H2O (0.03 g) 

in H2O (10 mL) for 24h. 5 mL of NaBH4 (0.07 g) 

solution was added to the reaction vessel during 1h. The 

mixture was stirred for 24h and then, CoNPs@Cellulose 

was obtained after filtration, washing with H2O (3 × 10 mL) 

and drying in an oven (70 °C).  

 

Synthesis of PCNC 

For the preparation of the catalyst, cellulose (1 g)  

was stirred with CoCl2.6H2O (0.03 g) in H2O (10 mL) for 24h. 

5 mL of NaBH4 (0.1 g) solution was added to the reaction 

vessel during 1h. The mixture was stirred for 24h and 

then, Co@Cellulose was obtained after filtration,  

washing with H2O (3 × 10 mL) and drying in an oven (70 

°C). Co@Cellulose (1 g) was stirred with PdCl2 (0.05 g) 

in H2O (10 mL) for 24h, and then, reduced with 5 mL of 

NaBH4 (0.2 g) solution to Pd(0) to yield PCNC. PCNC 

after filtration, washing with H2O (3 × 10mL) and drying 

in an oven (70 °C) was obtained as a dark solid. 

 

A typical procedure for the reduction of nitrobenzene 

Nitrobenzene (0.12 g, 1.00 mmol) was added to a 

round-bottomed flask containing colloidal of PCNC (0.05 

g) in H2O (5 mL) at room temperature. 5 mL of NaBH4 

solution (2 mmol) was added dropwise to the reaction 

vessel under stirring during 0.5 h. After 1.5 h, PCNC 
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Fig. 1: The EDS analysis of PCNC. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: The EDS analysis of PCNC. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: The TGA of PCNC. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: TEM image of PCNC. 

 
was separated via filtration and washed with acetone (2 × 5 mL). 

The filtrate solvent was evaporated under vacuum and  

the product purified with column chromatography with  

n-hexane:ethylacetate (4:1). 

 

RESULTS AND DISCUSSION 

The catalyst preparation was performed in two steps 

including depositions of Co(0) and Pd(0). Each step 

includes a dispersion of a cation (Co(II) or Pd(II)) and  

its chemical reduction to metal. The catalyst was 

characterized with Energy Dispersive x-ray Spectroscopy 

(EDS), X-Ray Diffraction (XRD) pattern, Thermal 

Gravimetric Analysis (TGA), Flame Atomic Absorption 

Spectroscopy (FAAS) and Transmission Electron 

Microscopy (TEM).  

EDS is a common method for approving the metal 

loading on the support. The EDS analysis showed that  

Pd and Co nanoparticles were loaded on the cellulose 

surface (Fig. 1). The amount of Pd and Co loading on the 

support was determined to be 0.096 mmol and 0.075 

mmol respectively per 1g PCNC with Flame Atomic 

Absorption Spectroscopy (FAAS).  

The structure of PCNC was determined by powder 

XRD. Characteristic diffraction peaks for cellulose (101), 

cellulose (002), cellulose (040), Pd (111), Pd (200) and 

Co (111) indicate deposition of Pd and Co on the 

cellulose. 

ThermoGravimetric Analysis (TGA) which applied 

for the study of thermal behavior of materials evidenced 

PCNC starts to decomposition above 239 °C in the air 

which it’s good thermal stability for a catalyst (Fig. 2).  

The TEM image of the catalyst indicates the formation 

and distribution of nanoparticles on the cellulose surface 

which attributed to the Co NPs and Pd NPs (Fig. 4). 

The catalytic activity of PCNC was evaluated in the 

reduction of nitroaromatics. Determination of the Pd and 

Co ratios on the catalyst is an important factor for 

obtaining the high efficiency of the reduction reaction.  

So at first, the reduction reaction of nitrobenzene  

was examined in the presence of CoNPs@Cellulose 
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Table 1: Optimization of the reaction conditions for reduction of nitrobenzenea 

Entry (Pd mol%) (Co mol%) Solvent Yield (%)b 

1 0.38 - H2O 61 

2 0.48 - H2O 87 

3 0.58 - H2O 89 

4 - 2.6 H2O 46 

5 - 3.2 H2O 53 

6 - 3.8 H2O 54 

7 0.38 2.6 H2O 87 

8 0.48 3.2 H2O 95 

9 0.58 3.8 H2O 95 

10c 0.48 3.2 H2O 73 

11 0.48 3.2 EtOH 91 

12 0.48 3.2 EtOH:H2O (1:1) 95 

13 0.48 3.2 MeCN 0 

14 0.48 3.2 MeOH 76 

15 0.48 3.2 CH2Cl2 0 

16 0 0 H2O 0 

a) Reaction conditions: nitrobenzene (2 mmol), NaBH4 (1.1 mmol), solvent (5 mL), room temperature, 2h. 

b) Isolated yield. 

c) NaBH4 (1 mmol). 

 

and PdNPs@Cellulose, separately (Table 1, entries 1-6). 

These tests revealed optimum amounts of Pd NPs and  

Co NPs for the reduction of nitrobenzene 0.48 mol% and 

3.2 mol% Co, respectively. Interestingly, the reduction 

reaction was performed with both catalysts. Aniline  

was obtained with 87% yield in 3h using PdNPs@Cellulose 

and with 53% yield in 5h using CoNPs@Cellulose.  

The optimized Pd and Co amounts were used  

in the preparation of Pd/CoNPs@chitosan. So, the reduction 

of nitrobenzene (1a) (1 mmol) with PCNC and NaBH4 

was investigated for the optimization of reaction 

conditions. It was found that 0.48 mol% Pd/3.2 mol%Co 

(Table 1, entries 7-9) with 2 mmol of NaBH4 in H2O 

(Table 1, entries 11-15) at room temperature is the best 

reaction conditions for the reduction of nitrobenzene.  

The 1H NMR study shows that the reduction of nitrobenzene 

proceeded to give aniline (2a) as the sole product with 

95% yield in short reaction duration (2h). The reaction 

yield was decreased in the low amounts of catalyst.  

The reaction did not perform in the absence of NaBH4, 

and gave low yield in a low amount of NaBH4 (Table 1, 

entry 10). After screening a variety of solvents, H2O  

was determined to be the best solvent. The reaction  

was performed just in the protic solvents which may be 

attributed to the good activity of NaBH4 in these solvents 

(Table 1, entries 11-15). Also, the reaction did not 

proceed in the absence of the catalyst (Table 1, entry 16). 

These results confirm a high activity of bimetallic systems 

in the reduction of nitroaromatics. 

For more investigation of the PCNC activity,  

the reaction was examined for various electron withdrawing 

and electron donating substituted nitroaromatics and 

nitroaromatics. The reduction reaction successfully 

afforded aniline derivatives in good yields. For nitro 

carboxylic acids the reaction gave corresponding amino 

carboxylic acids. This result shows that the carboxylic 

acid group is stable versus reduction with NaBH4  

in the presence of PCNC (Table 2, entries 2 and 3).  

The reduction of nitroaromatics also gave the corresponding 

diamines with good yields in the presence of excess 
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Table 2: The reduction of various nitroaromatics using PCNC and NaBH4. 

4

2 2

PCNC,NaBH
2 2H O or H O:EtOH

R NO R NH     

Yield (%)b solvent R Entry 

95 H2O Ph 1 

86 H2O p-HOOC-Ph 2c 

86 H2O o-HOOC-Ph 3c 

88d H2O/EtOH p-O2N-Ph 4c 

89 H2O p-H2N-Ph 5 

94 H2O/EtOH p-H3C-Ph 6 

92 H2O/EtOH o-H3C-Ph 7 

86e H2O/EtOH m-O2N-Ph 8c 

89 H2O/EtOH naphthyl 9 

89f H2O/EtOH o-O2N-Ph 10c 

a) Reaction conditions: nitroaromatic 1 (1 mmol), NaBH4 (2 mmol), PCNC (0.05 g), solvent (5 mL), room temperature, 2h. 

b) Isolated yield. c) NaBH4 (4 mmol), d) R=َp-H2N-Ph. e) R=َm-H2N-Ph. f) R=َo-H2N-Ph. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: FT-IR spectra for PCNC before and after recovery. 

 

catalyst and NaBH4 (Table 2, entries 4, 8 and 9).  

For some of the nitroaromatics, the reaction in H2O did 

not afford good yields and H2O:EtOH (1:1) was used as 

the solvent. 

Potential Pd and Co leaching into the reaction mixture 

was also analyzed with FAAS analysis. For this purpose, 

the sample was taken through a syringe filter during  

the heterogeneous reduction reaction of nitrobenzene,  

the solvent was evaporated, and the residue was dissolved 

in HNO3. The analysis of the sample with FAAS showed  

that the Pd and Co concentrations in the reaction solution 

were less than the detection limit. This result indicates 

that virtually no Pd and Co leach from the catalyst into 

the solution. Also, did not observe any changes in the  

FT-IR spectrum of the catalyst recovered from the 

reaction (Fig. 5). 

Recyclability of the PCNC was examined in the 

reduction of nitrobenzene. After carrying out the reaction, 

the catalyst was separated via filtration as a dark solid, 

washed with EtOH (2 × 5 mL) and reused. An only minor 

decrease in the reaction yield was observed after four 

repetitive cycles for the reaction (Table 3). 

Finally, a comparison study was performed for the 

obtained results with some recent reports about the reduction 

of nitrobenzene as a sample. Most important factors  

for this reaction are yield, solvent, temperature and reaction 

duration. As can be seen from Table 4, various catalysts 

were used for the reduction of nitrobenzene which in all 

of the high yields obtained. So, the challenge of  

this reaction is the gentling of the reaction conditions  

not increase the yield. A comparison of PCNC with  

other catalysts of Table 4 for the reduction of 

nitrobenzene shows that very good conditions resulted  

in PCNC. H2O as the solvent at room temperature in 2h  

is a convenient reaction condition for the reduction  

of nitrobenzene with PCNC. Also, the catalyst has  

other advantages similar to most of the heterogeneous 

catalysts including easy separation and recyclability. 

PCNC has another advantage compared to some  

heterogeneous catalysts including easy preparation  

of the catalyst.  
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Table 3: Successive trials by using recoverable PCNC for the reduction reaction of nitrobenzenea. 

Trial Catalyst amount (g) Yield (%)b 

1 0.05 95 

2 0.05 95 

3 0.04 95 

4 0.04 94 

a) Reaction conditions: nitrobenzene (1 mmol), NaBH4 (2 mmol), H2O (5 mL), r.t., 2h. 

b) Isolated yield. 

 

Table 4: Comparison of the results for the reduction of nitrobenzene to aniline. 

Entry Catalyst Ref. Solvent Time (h) Temp. (°C) Yield (%) 

1 Pd-gCN [41] EtOH 4 70 99 (G) 

2 zinc powder/chelating ethers [42] Ether/H2O 9 70 90 (I) 

3 Co-Mo2C/AC [43] EtOH 2 80 100 

4 Ni–B [44] H2O/EtOH 8 room 99.6 

5 Zinc phthalocyaninein PEG-400 [13] EtOH 8 100 99 (G) 

6 
Fe3O4/ 

β-alanine-acrylamide-Ni 
[45] H2O 5 room 98 (I) 

7 PCNC - H2O 2 room 95 

 

CONCLUSIONS 

In conclusion, we deposited Pd and Co nanoparticles 

on cellulose for the preparation of a compatible catalyst 

for the reduction of nitro compounds. After successful 

synthesis and characterization of the catalyst, catalytic 

reduction of nitrobenzenes to the corresponding amines 

was performed selectively in high yields. The reduction 

reaction was carried out with NaBH4 in H2O or 

H2O:EtOH (1:1) as the solvents at room temperature  

in 2h. Various nitrobenzenes and dinitrobenzenes  

were reduced to the corresponding amine in good yields. 

Also, the bimetallic system reduced nitrobenzenes efficiently 

compared to each of the metals. Mild reaction conditions 

of this reaction in combination with recyclability  

of the catalyst make the presented method an interesting 

approach compared to most of the reports. 
 

Acknowledgments 

We gratefully acknowledge financial support from  

the Research Council of Urmia University. 

 

Received: Sep. 19, 2016  ;  Accepted : Aug. 28, 2017 

REFERENCES 

[1] Kiasat A.R., Zayadi M., Mohammad-Taheri F., 

Fallah-Mehrjard M., Simple, Practical and Eco-

friendly Reduction of Nitroarenes with Zinc in the 

Presence of Olyethylene Glycol Immobilized on 

Silica Gel as a New Solid–liquid Phase Transfer 

Catalyst in Water, Iran. J. Chem. Chem. Eng. (IJCCE), 

30(2): 37-41 (2011). 

[2] Wienhöfer G., Sorribes I., Boddien A., Westerhaus F., 

Junge K., Junge H., Llusar R., Beller M., General 

and Selective Iron-catalyzed Transfer Hydrogenation  

of Nitroarenes Without Base,  J. Am. Chem. Soc., 

133(32): 12875-12879 (2011). 

[3] Kelly S.M., Lipshutz B.H., Chemoselective 

Reductions of Nitroaromatics in Water at  

Room Temperature, Org. Lett., 16(1): 98-101 

(2014). 

[4] Yuste F., Saldana M., Walls F., Selective Reduction 

of Aromatic Nitro Compounds Containing o- and n-

Benzyl Groups With Hydrazine and Raney Nickel, 

Tetrahedron Lett., 23(2): 147-148 (1982). 

http://www.ijcce.ac.ir/article_6283_9e49081495e429346700319818e4ad57.pdf
http://www.ijcce.ac.ir/article_6283_9e49081495e429346700319818e4ad57.pdf
http://www.ijcce.ac.ir/article_6283_9e49081495e429346700319818e4ad57.pdf
http://www.ijcce.ac.ir/article_6283_9e49081495e429346700319818e4ad57.pdf
http://www.ijcce.ac.ir/article_6283_9e49081495e429346700319818e4ad57.pdf
http://pubs.acs.org/doi/abs/10.1021/ja2061038
http://pubs.acs.org/doi/abs/10.1021/ja2061038
http://pubs.acs.org/doi/abs/10.1021/ja2061038
http://pubs.acs.org/doi/abs/10.1021/ol403079x
http://pubs.acs.org/doi/abs/10.1021/ol403079x
http://pubs.acs.org/doi/abs/10.1021/ol403079x
http://www.sciencedirect.com/science/article/pii/S0040403900867702
http://www.sciencedirect.com/science/article/pii/S0040403900867702
http://www.sciencedirect.com/science/article/pii/S0040403900867702


Iran. J. Chem. Chem. Eng. Reduction of Nitroaromatics to Amines ... Vol. 37, No. 3, 2018 

 

Research Article                                                                                                                                                                    29 

[5] Ram S., Ehrenkaufer R.E., A General Procedure  

for Mild and Rapid Reduction of Aliphatic and 

Aromatic Nitro Compounds Using Ammonium 

Formate as a Catalytic Hydrogen Transfer Agent, 

Tetrahedron Lett., 25(32): 3415-3418 (1984). 

[6] Di Gioia M.L., Leggio A., Le Pera A., Liguori A., 

Napoli A., Perri F., Siciliano C., Determination by 

Gas Chromatography/Mass spectrometry of p-

Phenylenediamine in Hair Dyes After Conversion to 

an Imine Derivative, J. Chromatogr. A, 1066(1-2): 

143-148 (2005). 

[7] Larock R.C., “Comprehensive Organic 

Transformations”, VCH: New York, 411–415 

(1989). 

[8] Kabalka G.W., Varma R.S., In: “Comprehensive 

Organic Synthesis”, Trost B.M., Fleming I.,  

(Eds.); Pergamon Press: Oxford, Vol. 8, 363–379  

(1991). 

[9] Sauvé G. Rao V.S., In: “Comprehensive Organic 

Functional Group Transformations”, Katritzky A.R., 

Meth-Cohn O., Rees C.W., (Eds.); Pergamon Press: 

Oxford, Vol. 2, pp 737–817 (1995). 

[10] Gowda S., Abiraj K., Gowda D.C., Reductive 

Cleavage of Azo Compounds Catalyzed by 

Commercial Zinc Dust Using Ammonium Formate 

or Formic Acid, Tetrahedron Lett., 43(7): 1329-1331 

(2002). 

[11] Sharma U., Kumar P., Kumar N., Kumar V., Singh B., 

Highly Chemo- and Regioselective Reduction of 

Aromatic Nitro Compounds Catalyzed by 

Recyclable Copper(II) as Well as Cobalt(II) 

Phthalocyanines,  Adv. Synth. Catal., 352(11-12): 

1834-1840 (2010). 

[12] Junge K., Wendt B., Shaikh N., Beller M., Iron-

Catalyzed Selective Reduction of Nitroarenes  

to Anilines Using Organosilanes, Chem. Commun., 

(10): 1769-1771 (2010). 

[13] Sharma U., Kumar N., Verma P.K., Kumar V., 

Singh B., Zinc Phthalocyanine with PEG-400  

as a Recyclable Catalytic System for Selective Reduction 

of Aromatic Nitro Compounds, Green Chem., 14(8): 

2289-2293 (2012). 

[14] Stiles M., Finkbeiner H.L., Chelation as a Driving 

Force in Synthesis. A New Route to α-Nitro Acids 

and α-Amino Acids, J. Am. Chem. Soc., 81(2): 505-

506 (1959). 

[15] Uberman P.M., García C.S., Rodríguez J.R., Martín S.E., 

PVP-Pd Nanoparticles as Efficient Catalyst for 

Nitroarene Reduction under Mild Conditions in 

Aqueous Media, Green Chem., 19(3): 739-748 

(2017). 

[16] Dowing R.S., Kunkeler P.J., Van Bekkum H., 

Catalytic Syntheses of Aromatic Amines, Catal. 

Today,  37(2): 121-136 (1997). 

[17] Corma A., Serna P., Concepcion P., Calvino J., 

Transforming Nonselective into Chemoselective 

Metal Catalysts for the Hydrogenation of Substituted 

Nitroaromatics, J. Am. Chem. Soc., 130(27): 8748-

8753 (2008). 

[18] Blaser H.U., Steine H., Studer M., Selective 

Catalytic Hydrogenation of Functionalized 

Nitroarenes: An Update, Chem. Cat. Chem., 1(2): 

210-221 (2009). 

[19] Burk S.D., Danheiser R.L., “Handbook of Reagents 

for Organic Synthesis, Oxidizing and Reducing 

Agents”, Wiley-VCH: New York (1999). 

[20] Satoh T., Suzuki S., Miyaji Y., Imai Z., Reduction of 

Organic Compounds with Sodium Borohydride-

transition Metal Salt Systems: Reduction of Organic 

Nitrile, Nitro and Amide Compounds to Primary 

Amines, Tetrahedron Lett., 10(52): 4555-4558 

(1969). 

[21] Yoo S., Lee S., Reduction of Organic Compounds 

with Sodium Borohydride-copper(II) Sulfate 

System, Synlett, (7): 419-420 (1990). 

[22] Osby J.O., Ganem B., Rapid and Efficient Reduction 

of Aliphatic Nitro Compounds to Amines, 

Tetrahedron Lett., 26(52): 6413-6416 (1985). 

[23] Guo F., Ni Y., Ma Y., Xiang N., Liu C., Flowerlike 

Bi2S3 Microspheres: Facile Synthesis and 

Application in the Catalytic Reduction of  

4-Nitroaniline, New J. Chem., 38(11): 5324-5330 

(2014). 

[24] Wu F., Qiu L.G., Ke F., Jiang X., Copper 

Nanoparticles Embedded in Metal–organic Framework 

MIL-101(Cr) as a High Performance Catalyst for 

Reduction of Aromatic Nitro Compounds. Inorg. 

Chem. Commun., 32: 5-8 (2013). 

[25] Németh J., Kiss Á., Hell Z., Palladium-catalysed 

Transfer Hydrogenation of Aromatic Nitro 

Compounds - An Unusual Chain Elongation, 

Tetrahedron Lett., 54(45): 6094-6096 (2013). 

http://www.sciencedirect.com/science/article/pii/S0040403901910342
http://www.sciencedirect.com/science/article/pii/S0040403901910342
http://www.sciencedirect.com/science/article/pii/S0040403901910342
http://www.sciencedirect.com/science/article/pii/S0040403901910342
http://www.sciencedirect.com/science/article/pii/S0021967305001093
http://www.sciencedirect.com/science/article/pii/S0021967305001093
http://www.sciencedirect.com/science/article/pii/S0021967305001093
http://www.sciencedirect.com/science/article/pii/S0021967305001093
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118037588.html
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118037588.html
http://www.sciencedirect.com/science/referenceworks/9780080977430
http://www.sciencedirect.com/science/referenceworks/9780080977430
http://www.sciencedirect.com/science/referenceworks/9780080447056
http://www.sciencedirect.com/science/referenceworks/9780080447056
http://www.sciencedirect.com/science/article/pii/S004040390102370X
http://www.sciencedirect.com/science/article/pii/S004040390102370X
http://www.sciencedirect.com/science/article/pii/S004040390102370X
http://www.sciencedirect.com/science/article/pii/S004040390102370X
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201000191/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201000191/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201000191/abstract
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201000191/abstract
http://pubs.rsc.org/en/content/articlelanding/2010/cc/b924228g#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2010/cc/b924228g#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2010/cc/b924228g#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2012/GC/c2gc35452g#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2012/GC/c2gc35452g#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2012/GC/c2gc35452g#!divAbstract
http://pubs.acs.org/doi/abs/10.1021/ja01511a067
http://pubs.acs.org/doi/abs/10.1021/ja01511a067
http://pubs.acs.org/doi/abs/10.1021/ja01511a067
http://pubs.rsc.org/en/content/articlelanding/2017/gc/c6gc02710e/unauth
http://pubs.rsc.org/en/content/articlelanding/2017/gc/c6gc02710e/unauth
http://pubs.rsc.org/en/content/articlelanding/2017/gc/c6gc02710e/unauth
http://www.sciencedirect.com/science/article/pii/S0920586197000059
http://pubs.acs.org/doi/abs/10.1021/ja800959g
http://pubs.acs.org/doi/abs/10.1021/ja800959g
http://pubs.acs.org/doi/abs/10.1021/ja800959g
http://onlinelibrary.wiley.com/doi/10.1002/cctc.200900129/full
http://onlinelibrary.wiley.com/doi/10.1002/cctc.200900129/full
http://onlinelibrary.wiley.com/doi/10.1002/cctc.200900129/full
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0471979260.html
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0471979260.html
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0471979260.html
http://www.sciencedirect.com/science/article/pii/S0040403901887499
http://www.sciencedirect.com/science/article/pii/S0040403901887499
http://www.sciencedirect.com/science/article/pii/S0040403901887499
http://www.sciencedirect.com/science/article/pii/S0040403901887499
http://www.sciencedirect.com/science/article/pii/S0040403901887499
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-1990-21113
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-1990-21113
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-1990-21113
http://www.sciencedirect.com/science/article/pii/S0040403900990142
http://www.sciencedirect.com/science/article/pii/S0040403900990142
http://pubs.rsc.org/en/content/articlelanding/2014/nj/c4nj00900b#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2014/nj/c4nj00900b#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2014/nj/c4nj00900b#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2014/nj/c4nj00900b#!divAbstract
http://www.sciencedirect.com/science/article/pii/S1387700313000956
http://www.sciencedirect.com/science/article/pii/S1387700313000956
http://www.sciencedirect.com/science/article/pii/S1387700313000956
http://www.sciencedirect.com/science/article/pii/S1387700313000956
http://www.sciencedirect.com/science/article/pii/S0040403913015219
http://www.sciencedirect.com/science/article/pii/S0040403913015219
http://www.sciencedirect.com/science/article/pii/S0040403913015219


Iran. J. Chem. Chem. Eng. Keshipour S. & Adak K. Vol. 37, No. 3, 2018 

 

30                                                                                                                                                                    Research Article 

[26] Obraztsova I.I., Eremenko N.K., Simenyuk G.Y., 

Eremenko A.N., Tryasunov B.G., Bimetallic 

Catalysts for the Hydrogenation of Aromatic Nitro 

Compounds, Solid Fuel Chem., 46(6): 364-367 

(2012). 

[27] Sheikhhosseini E., Sattaei Mokhtari, T., Faryabi M., 

Rafiepour A., Soltaninejad S., Iron Ore Pellet,  

A Natural and Reusable Catalyst for Synthesis of 

Pyrano[2,3-d]pyrimidine and Dihydropyrano[c] 

chromene Derivatives in Aqueous Media, Iran. J. 

Chem. Chem. Eng. (IJCCE), 35(1): 43-50 (2016). 

[28] Mohammadi Ziarani G., Badiei A.R., Khaniania, Y., 

Haddadpour M., One Pot Synthesis of 

Polyhydroquinolines Catalyzed by Sulfonic Acid 

Functionalized SBA-15 as a New Nanoporous Acid 

Catalyst Under Solvent Free Conditions, Iran. J. 

Chem. Chem. Eng. (IJCCE), 29(2): 1-10 (2010). 

[29] Keypour H., Noroozi M., Rashidi A., Shariati Rad M., 

Application of Response Surface Methodology  

for Catalytic Hydrogenation of Nitrobenzene to 

Aniline Using Ruthenium Supported Fullerene 

Nanocatalyst, Iran. J. Chem. Chem. Eng. (IJCCE), 

34(1): 21-32 (2015). 

[30] Saadatjou N., Jafari A., Synthesis and 

Characterization of Ru/Al2O3 Nanocatalyst for 

Ammonia Synthesis, Iran. J. Chem. Chem. Eng. 

(IJCCE), 34(1): 1-9 (2015). 

[31] Habibi Y., Lucia L.A., Rojas O.J., Cellulose 

Nanocrystals: Chemistry, Self-assembly, and 

Applications, Chem. Rev., 110(6): 3479-3500 

(2010). 

[32] Reddy K.R., Kumar N.S., Cellulose-supported 

Copper(0) Catalyst for Aza-michael Addition, 

Synlett, (14): 2246-2250 (2006). 

[33] Cirtiu C.M., Dunlop-Brière A.F., Moores A., 

Cellulose Nanocrystallites as an Efficient Support 

for Nanoparticles of Palladium: Application for 

Catalytic Hydrogenation and Heck Coupling Under 

Mild Conditions, Green Chem. 13(2): 288-291 

(2011). 

[34] Keshipour S., Shojaei S., Shaabani A., Palladium 

Nano-particles Supported on 

Ethylenediaminefunctionalized Cellulose as a Novel 

and Efficient Catalyst for the Heck and Sonogashira 

Couplings in Water, Cellulose, 20(2): 973-980 

(2013). 

[35] Keshipour S., Shaabani A., Copper(I) and Palladium 

Nanoparticles Supported on Ethylenediamine-

functionalized Cellulose as an Efficient Catalyst  

for the 1,3-Dipolar Cycloaddition/Direct Arylation 

Sequence, Appl. Organometal. Chem., 28(2) 116-

119 (2014). 

[36] Keshipour S., Kalam Khalteh N., Oxidation of 

Ethylbenzene to Styrene Oxide in the Presence of 

Cellulose-Supported Pd Magnetic Nanoparticles,  

Appl. Organometal. Chem., 30(8) 653-656 (2016). 

[37] Shaabani A., Keshipour S., Hamidzad M., 

Seyyedhamzeh M., Cobalt(II) Supported on 

Ethylenediamine-functionalized Nanocellulose as an 

Efficient Catalyst for Room Temperature Aerobic 

Oxidation of Alcohols, J. Chem. Sci., 126(1): 111-

115 (2014). 

[38] Shaabani A., Keshipour S., Hamidzad M., Shaabani S., 

Cobalt(II) Phthalocyanine Covalently Anchored  

to Cellulose as a Recoverable and Efficient Catalyst 

for the Aerobic Oxidation of Alkylarenes and 

Alcohols, J. Mol. Catal. A Chem., 395: 494-499 

(2014). 

[39] Keshipour S., Khezerloo M., Gold Nanoparticles 

Supported on Cellulose Aerogel as a New Efficient 

Catalyst for Epoxidation of Styrene, J. Iran. Chem. 

Soc., 14(5): 1107–1112 (2017). 

[40] Keshipour S., Adak K., Pd(0) Supported on N-doped 

Graphene Quantum Dot Modified Cellulose as an 

Efficient Catalyst for the Green Reduction of 

Nitroaromatics. RSC Adv., 6(92): 89407–89412 

(2016). 

[41] Nandi D., Siwal S., Choudhary M., Mallick K., 

Carbon Nitride Supported Palladium Nanoparticles: 

An Active System for the Reduction of Aromatic 

Nitro-compounds, Appl. Catal. A Gen., 523: 31-38 

(2016). 

[42] Kumar P.S., Lokanatha Rai K.M., Reduction of 

Aromatic Nitro Compounds to Amines Using Zinc 

and Aqueous Chelating Ethers: Mild and Efficient 

Method for Zinc Activation, Chem. Pap., 66(8): 

772-778 (2012). 

[43] Zhao Z., Yang H., Li Y., Guo X., Cobalt-modified 

Molybdenum Carbide as an Efficient Catalyst for 

Chemoselective Reduction of Aromatic Nitro 

Compounds, Green Chem., 16(3): 1274-1281 

(2014). 

https://link.springer.com/article/10.3103/S0361521912060109
https://link.springer.com/article/10.3103/S0361521912060109
https://link.springer.com/article/10.3103/S0361521912060109
http://www.ijcce.ac.ir/article_18806.html
http://www.ijcce.ac.ir/article_18806.html
http://www.ijcce.ac.ir/article_18806.html
http://www.ijcce.ac.ir/article_18806.html
http://www.ijcce.ac.ir/article_6687.html
http://www.ijcce.ac.ir/article_6687.html
http://www.ijcce.ac.ir/article_6687.html
http://www.ijcce.ac.ir/article_6687.html
http://www.ijcce.ac.ir/article_12677_f18b3ee9c9c8c587ab08868513875634.pdf
http://www.ijcce.ac.ir/article_12677_f18b3ee9c9c8c587ab08868513875634.pdf
http://www.ijcce.ac.ir/article_12677_f18b3ee9c9c8c587ab08868513875634.pdf
http://www.ijcce.ac.ir/article_12677_f18b3ee9c9c8c587ab08868513875634.pdf
http://www.ijcce.ac.ir/article_12613_65bcea4c9e48a86d88676bbc8503f63f.pdf
http://www.ijcce.ac.ir/article_12613_65bcea4c9e48a86d88676bbc8503f63f.pdf
http://www.ijcce.ac.ir/article_12613_65bcea4c9e48a86d88676bbc8503f63f.pdf
http://pubs.acs.org/doi/abs/10.1021/cr900339w
http://pubs.acs.org/doi/abs/10.1021/cr900339w
http://pubs.acs.org/doi/abs/10.1021/cr900339w
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2006-949623
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2006-949623
http://pubs.rsc.org/en/content/articlelanding/2011/gc/c0gc00326c/unauth#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2011/gc/c0gc00326c/unauth#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2011/gc/c0gc00326c/unauth#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2011/gc/c0gc00326c/unauth#!divAbstract
https://link.springer.com/article/10.1007/s10570-012-9852-8
https://link.springer.com/article/10.1007/s10570-012-9852-8
https://link.springer.com/article/10.1007/s10570-012-9852-8
https://link.springer.com/article/10.1007/s10570-012-9852-8
https://link.springer.com/article/10.1007/s10570-012-9852-8
http://onlinelibrary.wiley.com/doi/10.1002/aoc.3091/abstract
http://onlinelibrary.wiley.com/doi/10.1002/aoc.3091/abstract
http://onlinelibrary.wiley.com/doi/10.1002/aoc.3091/abstract
http://onlinelibrary.wiley.com/doi/10.1002/aoc.3091/abstract
http://onlinelibrary.wiley.com/doi/10.1002/aoc.3091/abstract
http://onlinelibrary.wiley.com/doi/10.1002/aoc.3485/abstract
http://onlinelibrary.wiley.com/doi/10.1002/aoc.3485/abstract
http://onlinelibrary.wiley.com/doi/10.1002/aoc.3485/abstract
https://link.springer.com/article/10.1007/s12039-013-0535-2
https://link.springer.com/article/10.1007/s12039-013-0535-2
https://link.springer.com/article/10.1007/s12039-013-0535-2
https://link.springer.com/article/10.1007/s12039-013-0535-2
http://www.sciencedirect.com/science/article/pii/S1381116914004063
http://www.sciencedirect.com/science/article/pii/S1381116914004063
http://www.sciencedirect.com/science/article/pii/S1381116914004063
http://www.sciencedirect.com/science/article/pii/S1381116914004063
https://link.springer.com/article/10.1007/s13738-017-1060-x
https://link.springer.com/article/10.1007/s13738-017-1060-x
https://link.springer.com/article/10.1007/s13738-017-1060-x
http://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra19668c#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra19668c#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra19668c#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2016/ra/c6ra19668c#!divAbstract
http://www.sciencedirect.com/science/article/pii/S0926860X16301740
http://www.sciencedirect.com/science/article/pii/S0926860X16301740
http://www.sciencedirect.com/science/article/pii/S0926860X16301740
https://link.springer.com/article/10.2478/s11696-012-0195-6
https://link.springer.com/article/10.2478/s11696-012-0195-6
https://link.springer.com/article/10.2478/s11696-012-0195-6
https://link.springer.com/article/10.2478/s11696-012-0195-6
http://pubs.rsc.org/en/content/articlelanding/2014/gc/c3gc42049c#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2014/gc/c3gc42049c#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2014/gc/c3gc42049c#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2014/gc/c3gc42049c#!divAbstract


Iran. J. Chem. Chem. Eng. Reduction of Nitroaromatics to Amines ... Vol. 37, No. 3, 2018 

 

Research Article                                                                                                                                                                    31 

[44] Wen H., Yao K., Zhang Y., Zhou Z., Kirschning A., 

Catalytic Transfer Hydrogenation of Aromatic Nitro 

Compounds in Presence of Polymer-supported 

Nano-amorphous Ni–B Catalyst, Catal. Commun., 

10(8): 1207-1211 (2009). 

[45] Zamani F., Kianpour S., Fast and Efficient 

Reduction of Nitro Aromatic compounds Over 

Fe3O4/β-Alanine-acrylamide-Ni Nanocomposite  

as a New Magnetic Catalyst, Catal. Commun., 45(5): 

1-6 (2014).  

http://www.sciencedirect.com/science/article/pii/S1566736709000417
http://www.sciencedirect.com/science/article/pii/S1566736709000417
http://www.sciencedirect.com/science/article/pii/S1566736709000417
http://www.sciencedirect.com/science/article/pii/S1566736713003981
http://www.sciencedirect.com/science/article/pii/S1566736713003981
http://www.sciencedirect.com/science/article/pii/S1566736713003981
http://www.sciencedirect.com/science/article/pii/S1566736713003981

