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Abstract 
Metal salts impregnated Yb-Mo-HKSF catalysts show high stabilities and catalytic abilities in 
nitration of various substituted phenols under mild conditions. In addition, these metal catalysts 
can be easily recovered and reused in the next batch of nitration of phenolic compounds. The 
process is convenient and represents a practical method for clean synthesis of nitrated phenols. 
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Introduction 

 
The replacement of current chemical processing techniques with more environmentally benign 
alternatives is an increasingly attractive subject.1 Nitration of aromatic compounds is one of the 
most important industrial processes2-9 and is the subject of a large body of literature.10-23 In our 
laboratory, we have been seeking out a more practical process for the nitration of substituted 
phenols using stoichiometric or a small excess amount of nitric acid under mild conditions 
because the development of environmentally friendly practical procedures for the nitration of 
aromatic compounds is highly desirable.24-27 However, in our previously reported nitration 
processes for phenolic compounds, 500 mg of KSF for 1.0 mmol of phenolic compounds must be 
required to give the nitrated products in good yields.27 It should be noted that the large amounts of 
KSF cause the inconvenience for the practical nitration process. Therefore, we attempted to 
reduce the amount of KSF in this nitration process. Herein we wish to report a new catalytic 
system of Yb-Mo-HKSF impregnated by other metal salts28-39 for the nitration of phenolic 
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compounds to give the corresponding nitrated phenols in good yields in a heterogeneous phase 
under mild conditions. By this protocol, the amounts of KSF in the corresponding mixed catalysts 
were reduced to 50 mg for 1.0 mmol of various substituted phenols in 3.0 mL of THF and these 
catalysts could be recovered and reused easily.  
 

Results and Discussion 

 
The double-metal-modified Yb-Mo-HKSF catalyst was chosen as a base catalyst because it is the 
cheapest and most effective double-metal-modified montmorillonite catalyst in nitration of 
phenolic compounds40 and impregnated it by various metal salts such as Mn(OAc)2, FeCl3, CoCl2, 
NiCl2, CuCl2, ZnCl2, Cu(OAc)2, Cu(NO3)2, and CuSO4. We examined these metal salts 
impregnated Yb-Mo-HKSF41 catalysts (50 mg catalyst for 1.0 mmol of phenolic compounds in 
3.0 mL of THF) in the nitration of phenol and 4-fluorophenol, respectively under identical 
conditions. The results are summarized in Table 1 and Table 2, respectively. All these metal salts 
impregnated Yb-Mo-HKSF catalysts gave good results in the nitration of phenol and 
4-fluorophenol under mild conditions. These results suggest that the catalytic abilities of 50 mg of 
Yb-Mo-HKSF catalyst impregnated with a variety of metal salts are comparable to that of 250 mg of 
Yb-Mo-HKSF catalyst in the corresponding nitration process under the same conditions.40 Namely, the 
catalytic ability of Yb-Mo-HKSF was greatly improved by impregnation with various metal salts.  
 
Table 1. Nitration of phenol catalyzed by metal salts impregnated Yb-Mo-HKSF (50 mg) 

OH OH
O2N

OH

NO2

metal salts impregnated 
Yb-Mo-HKSF

+

1
2

1.2 equiv. of 60% HNO3, r.t.,
 12 h, in THF (3.0 mL)

 
Yield/(%)a Entrya Metal salts 

1 2 

1 Mn(OAc)2 40 45 
2 FeCl3 42 50 
3 CoCl2 41 49 
4 NiCl2 42 47 
5 CuCl2 40 47 
6 ZnCl2 42 49 
7 Cu(OAc)2 43 51 
8 Cu(NO3)2 43 49 
9 CuSO4 42 50 

a Isolated yield. 
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Table 2. Nitration of 4-fluorophenol catalyzed by metal salts impregnated Yb-Mo-HKSF (50 mg) 
OH

F

OH
O2N

F

metal salts impregnated Yb-Mo-HKSF

1.2 equiv. of 60% HNO3, r.t.,
 12 h, in THF (3.0 mL)

3  
Yield/(%)a Entry Metal salts 

3 
1 Mn(OAc)2 86 
2 FeCl3 87 
3 CoCl2 89 
4 NiCl2 88 
5 CuCl2 86 
6 ZnCl2 90 
7 Cu(OAc)2 87 
8 Cu(NO3)2 89 
9 CuSO4 88 

a Isolated yield. 
 

Moreover, it should be emphasized here that this catalytic nitration is a heterogeneous 
catalytic process and these catalysts can be easily recovered from the reaction mixture by 
filtration. These catalysts can be reused many times without degradation after being reactivated by 
heating in an oven at 120 oC. In this catalytic system, we utilized CuCl2 impregnated 
Yb-Mo-HKSF catalyst, one of these effective metal salts impregnated Yb-Mo-HKSF catalysts, 
for the examination of the recovery and reusability in above nitration process. The results are 
summarized in Table 3. As it can be seen in Table 3, this catalyst can be reused five times under 
the similar conditions with no loss of catalytic activity. Furthermore, the real heterogeneity of this 
catalytic system has been examined by a simple test (Sheldon test).42 The catalyst was filtered 
after 3 hours at room temperature (reaction temperature), which corresponded to approximately 
30% conversion and the filtrate allowed to react further. We found that the reaction completely 
stopped under identical conditions. This result suggests that this catalytic nitration indeed 
proceeds in a heterogeneous phase.  

On the basis of atomic absorption spectrophotometry to detect the exact leaching amount of 
Cu2+ in THF and water solution after nitration, we found that 45% of Cu2+ indeed leached into the 
nitrated product, which can be easily removed from the nitrated product by distillation and 
column chromatography. The control experiment showed that in the presence of CuCl2 (2.0 mol%) 
itself, no reaction occurred under identical conditions. This result suggests that this catalytic 
nitration takes place with the assistance of multi metal ions such as Yb and Mo and in KSF. The 
leached Cu2+ itself did not affect the nitration.  
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Table 3. Nitration of phenol and 4-fluorophenol catalyzed by CuCl2 impregnated Yb-Mo-HKSF 
(recycled)  

OH OH
O2N

OH

NO2

OH

F

OH
O2N

F

+

1
2

1.2 equiv. of 60% HNO3, r.t.,
 12 h, in THF (3.0 mL)

3

CuCl2 impregnated
 Yb-Mo-HKSF (recycled)

CuCl2 impregnated
 Yb-Mo-HKSF (recycled)

1.2 equiv. of 60% HNO3, r.t.,
 12 h, in THF (3.0 mL)

 
Yield/(%)b Yield/(%)bRun Mass of catalyst/mga 
1 2 

Run Mass of catalyst/mga 
3 

1c 60 42 50 1c 60 88 
2 51 40 47 2 52 89 
3 50 43 50 3 50 89 
4 45 40 50 4 45 88 
5 40 42 47 5 42 88 

a Mass of catalyst recovered from each run. b Isolated yields. c recycled catalyst was used. 
 

The catalytic mechanism is not very clear at the present stage and it would be interesting to be 
investigated in due course.  

This catalytic system is more effective and reusable in the nitration of phenolic compounds 
because of its fair stability against strong hydrolytic reaction conditions in nitration. In addition, 
HKSF itself can not catalyze the nitration of phenolic compounds under identical conditions and 
with CuCl2 impregnated HKSF as a catalyst, 250 mg of catalyst is required for 1.0 mmol of 
phenolic compounds with 1.2 equiv. of nitric acid.40 Based on the above investigations, we turned 
out to use CuCl2

43 impregnated Yb-Mo-HKSF as a catalyst to nitrate a variety of other phenolic 
substrates with 1.2 equiv. of 60% nitric acid. These electrophilic aromatic nitration reactions 
proceeded smoothly for many phenolic substrates. The results are shown in Table 4. The nitration 
of 4-chlorophenol, 4-isopropylphenol, and 4-tert-butylphenol proceeded smoothly to afford the 
mono-nitrated product in excellent yields (Table 4, entries 1, 3, and 4). For the nitration of 
4-bromophenol, four nitrated products, 4-bromo-2-nitrophenol, 2-bromo-4-nitrophenol, 
2,4-dibromo-6-nitrophenol and 4-nitrophenol, were obtained in total 99% yield (Table 4, entry 2 
and Figure 1). This nitration behavior has been described in literature.40 In the case of the 
activated phenolic compound, 4-methoxyphenol, mono-nitrated product and dinitrated product 
were obtained in total 89% yield (mono : di = 60 : 29, when 1.2 equiv. of HNO3 was used) or in 
total 64% yield (mono : di = 3 : 61, when 2.0 equiv. of HNO3 was used) (Table 4, entries 5 and 6).  

ISSN 1551-7012 Page 9 ©ARKAT USA, Inc. 



Issue in Honor of Prof Ted Sorensen ARKIVOC 2009 (v) 6-16 

Table 4. Nitration of phenolic compounds catalyzed by CuCl2 impregnated Yb-Mo-HKSF 
(50 mg) 

OH

R

OH

R

NO2

OH

R

NO2O2N
CuCl2 impregnated

 Yb-Mo-HKSF
+

4 5

1.2 equiv. of 60% HNO3, 
r.t., in THF (3.0 mL)

 
Yield/(%)a Entry R Time/(h) 
4 5 

1 Cl 4 4a, 89 - 
2 Br 4 4b, 67 5b, 35b 
3 iPr 12 4c, 87 - 
4 tBu 12 4d, 95 - 
5 OMe 4 4e, 60 5e, 29 
6c OMe 1 4e, 3 5e, 61 

a Isolated yields. b The products include 2,4-dibromo-6-nitrophenol, 2-bromo-4-nitrophenol and 
4-nitrophenol. c The quantity of nitric acid is 2.0 equiv. 

 

OH

NO2

OH

NO2

Br
OH

Br

BrO2N

2,4-dibromo-6-nitrophenol 2-bromo-4-nitrophenol 4-nitrophenol  
 

Figure 1 
 
In addition, we also examined the nitration reaction of 2-cresol, 3-cresol and 4-cresol with 1.2 

equiv. of 60% nitric acid in the presence of CuCl2 impregnated Yb-Mo-HKSF catalyst. In the case 
of 3-cresol, three mono-nitrated phenolic products were obtained in total 84% yield (Table 5, 
entry 2). However, in the nitration of 4-cresol and 2-cresol, both mono-nitrated and dinitrated 
products were obtained in good total yields, respectively under identical conditions (Table 5, 
entries 1 and 3).  
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Table 5. Nitration of cresol catalyzed by CuCl2 impregnated Yb-Mo-HKSF (50 mg) 
OH OH OH

Me Me Me

NO2 NO2

NO2

1.2 equiv. of 60% HNO3, r.t.,
 12 h, in THF (3 mL)

+

6
7

CuCl2 impregnated
 Yb-Mo-HKSF

 
Yield/(%)a  Entry Cresol 

6                     7 
1 4-MeC6H4OH OH

Me

NO2

6a, 90

OH

Me

NO2O2N

7a, 2  
2 3-MeC6H4OH 

OH

Me

O2N
OH

NO2

Me

OH

Me
NO2

6b, 7 6b', 25 6b", 52  
3 2-MeC6H4OH OH

NO2Me

NO2

OH
Me

OH
Me NO2

NO2
6c, 37 6c', 56 7c, 1  

a Isolated yields. 
 

We further investigated the nitration of 2-chlorophenol, 1,2-diethoxybenzene, 2-ethoxyphenol 
and resorcinol with 60% HNO3 (1.2 equiv.) in the presence of CuCl2 impregnated Yb-Mo-HKSF 
catalyst under the similar conditions. The results are summarized in Table 6. We found that 
nitration of 2-chlorophenol proceeded smoothly within 4 hours to give the mono-nitrated products 
in high yields (Table 6, entries 1). For nitration of 2-ethoxyphenol, similar good result was 
obtained under identical conditions (Table 6, entry 2). For nitration of 1,2-diethoxybenzene, the 
mono-nitrated product was obtained in 63% yield with 60% HNO3 (1.2 equiv.) at 60 oC since it is 
not as reactive as phenol (Table 6, entries 3). For nitration of resorcinol, the mono-nitrated product 
was obtained in 67% yield under identical conditions (Table 6, entry 4).  
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Table 6. Nitration aromatic compounds catalyzed by CuCl2 impregnated Yb-Mo-HKSF (50 mg) 

R1

R2
R1

R2O2N
R1

R2

NO2

1.2 equiv. of 60% HNO3,
r.t., in THF (3.0 mL)

+

8
9

CuCl2 impregnated
 Yb-Mo-HKSF

 

Yield/(%)a Entry R1 R2 Time/(h) 
8 9 

1 OH Cl 4 8a, 42 9a, 54 
2 OH OEt 4 8b, 34 9b, 54 
3b OEt OEt 24 - 9c, 63 
4 OH

OH  

1 OH

OH
NO2  

9d, 67 

a Isolated yield. b The reaction temperature is at 60 oC. 
 

In conclusion, we have found an environmentally conscious practical procedure for the 
nitration of phenolic compounds under mild conditions. In the presence of metal salts 
impregnated Yb-Mo-HKSF catalyst (50 mg), 1.2 equiv, of 60% nitric acid can be used in nitration 
of a variety of phenolic compounds (1.0 mmol) in THF (3.0 mL) to give the corresponding 
nitrated products in good to high yields. The use of a large excess of concentrated or fumed nitric 
acid and montmorillonite KSF can be avoided with this catalytic system. Moreover, these 
catalysts can be easily recovered from the reaction mixture and can be reused many times. This 
nitration process was carried out in THF, an environmentally safer solvent, at room temperature. 
Overall, this method is an eco-safer and environment-benign way of nitrating phenolic 
compounds.  
 
 

Experimental Section 

 
General Procedures. MPs were obtained with a Yanagimoto micro melting point apparatus and 
are uncorrected. 1H NMR spectra were recorded on a Bruker AM-300 spectrometer for solution in 
CDCl3 with tetramethylsilane (TMS) as internal standard; J-values are in Hz. All of the solid 
compounds reported in this paper gave satisfactory CHN microanalyses with a Carlo-Erba 1106 
analyzer. Mass spectra were recorded with a HP-5989 instrument and HRMS was measured by a 
Finnigan MA+ mass spectrometer. Organic solvents were dried by standard methods when 
necessary. Commercially obtained reagents were used without further purification. All these 
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reactions were monitored by TLC with Huanghai GF254 silica gel coated plates. The orientation 
of nitration was determined by NMR analysis. Flash column chromatography was carried out 
using 300-400 mesh silica gel. The spectroscopic and analytic data of the most nitrated products 
have been disclosed in the literature (see Supporting Information).26,27,40  
 
Preparation of metal catalysts used in the nitration of phenolic compounds  
Preparation of modified carrier: montmorillonite KSF (20 g) and 10% of nitric acid (50 mL) were 
put into a 250 mL beaker and the mixture was stirred for 12 hours at room temperature. Then, the 
mixture was filtrated and washed by water until the filtrate showed pH ≈ 7. The residue was dried 
at 120 °C by an oven for 2 hours, which was used as carrier (HKSF).  
Preparation of single-metal-modified catalysts (Mo-HKSF): (NH4)6Mo7O24 . 4H2O (1.83 g) was 
dissolved in 20 mL of mixed solution of acetone and water (1:1), then the above 13.5 g of HKSF 
was added into the solution and the resulting mixtures were refluxed with magnetic stirring for 2 
hours. Next, the solvent was removed under reduced pressure upon heating at 80 oC and the 
residue was further dried at 120 °C by an oven for 2 hours and then calcined by a muffle furnace 
at 600 °C for 4 hours to obtain the single metal Mo modified catalyst (Mo-HKSF).  
Preparation of double-metals-modified catalysts (Yb-Mo-HKSF): 1.82 g of Yb(NO3)3 was 
dissolved in 20 mL of mixed solution of acetone and water (1:1), then 9.0 g of Mo-HKSF was 
added into the solution and the mixtures were refluxed with magnetic stirring for 2 hours. Next, 
the solvent was removed under reduced pressure upon heating at 80 oC and the residue was further 
dried at 120 °C by an oven for 2 hours and then calcined by a muffle furnace at 400 °C for 4 hours 
to obtain the double-metals Yb-Mo modified catalyst (Yb-Mo-HKSF).  
Preparation of metal salts impregnated Yb-Mo-HKSF: 170 mg of CuCl2 . 2H2O was dissolved in 
10 mL of acetone, then 1.0 g of Yb-Mo-HKSF was added into the solution and the resulting 
mixtures were refluxed with magnetic stirring for 2 hours. Then, the solvent was removed under 
reduced pressure upon heating at 80 oC and the residue was further dried at 120 °C by an oven for 
2 hours to obtain CuCl2 impregnated Yb-Mo-HKSF. Herein, Mn(OAc)2, FeCl3, CoCl2, NiCl2, 
CuCl2, ZnCl2, Cu(OAc)2, Cu(NO3)2, and CuSO4 were used as the impregnated metal salts to 
Yb-Mo-HKSF in the similar procedures.  
 
General procedure for the nitration of phenolic compounds  
CuCl2 impregnated catalyst (50 mg) was put into a glass vessel and then substituted phenol 
(1.0 mmol) and then THF (3.0 mL) was added into the glass vessel. Nitric acid (60%, 0.095 mL, d 
= 1.3667, 1.2 mmol) was added dropwise into the vessel and the mixtures were stirred for 12 
hours at room temperature. The catalyst was recovered by filtration, and the filtrate was extracted 
with ethyl acetate (MeCO2Et). The solvent was removed under reduced pressure and the residue 
was purified by a silica gel column chromatograph (eluent: petroleum ether/EtOAc = 10/l) to give 
the corresponding product. Their yields are presented in Tables 1-6. These nitrated products are 
all known compounds. Their physical property and spectroscopic data can be found in the 
literature.26,27,40   
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2-Nitrophenol 1. A yellow solid, m.p. 45-47 oC.26,27 
4-Nitrophenol 2. A yellow solid, m.p. 117-119 oC.27 
4-Fluoro-2-nitrophenol 3. A yellow solid, m.p. 75-77 oC.26,27 
4-Chloro-2-nitrophenol 4a. A yellow solid, m.p. 86-88 oC.26,27 
2-Bromo-4-nitrophenol 4b. A yellow solid, m.p. 115-118 oC.40  
4-Isopropyl-2-nitrophenol 4c. A yellow liquid, m.p. 54-56 oC.26,27 
4-tert-Butyl-2-nitrophenol 4d. A yellow solid, m.p. 70-73 oC.26,27 
4-Methoxy-2-nitrophenol 4e. A yellow solid, m.p. 80-81 oC.26,27 
4-Methoxy-2,6-dinitrophenol 5e. A yellow solid, m.p. 77-79 oC.26,27 
4-Methyl-2-nitrophenol 6a. A yellow solid, m.p. 34-36 oC.26,27  
4-Methyl-2,6-dinitrophenol 7a. A yellow solid, m.p. 84-86 oC.26,27 
3-Methyl-4-nitrophenol 6b. A yellow solid, m.p. 128-130 oC.26,27  
5-Methyl-2-nitrophenol 6b'. A yellow solid, m.p. 56-58 oC.26,27 
3-Methyl-2-nitrophenol 6b". A yellow solid, m.p. 39-41 oC.26,27  
2-Methyl-6-nitrophenol 6c. A yellow solid, m.p. 71-73 oC.26,27  
2-Methyl-4-nitrophenol 6c'. A yellow solid, m.p. 142-145 oC.26,27  
2-Methyl-4,6-dinitrophenol 7c. A yellow solid, m.p. 125-128 oC.26,27  
2-Chloro-6-nitrophenol 8a. A yellow solid, m.p. 70-71 oC.26,27  
2-Chloro-4-nitrophenol 9a. A yellow solid, m.p. 110-112 oC.26,27  
1,2-Diethoxy-4-nitrobenzene 8b. A yellow solid, m.p. 75-77 oC.27  
2-Ethoxy-6-nitrophenol 9b. A yellow solid, m.p. 62-64 oC.27  
2-Ethoxy-4-nitrophenol 9c. A yellow solid, m.p. 95-97 oC.27  
4-Nitroresorcinol 9d. A yellow solid, m.p. 117-119 oC.27  
 
The recovery of the employed catalysts and the reusing procedure  
The catalyst can be easily recovered from the reaction mixture by filtration and reused many times 
after it is activated by heating in an oven at 120 oC for 2 hours. After filtration, the catalyst was 
recovered and the reaction mixture was extracted with ethyl acetate (MeCO2Et). The solvent was 
removed under reduced pressure and the residue was purified by a silica gel column 
chromatograph (eluent: petroleum ether/EtOAc = 10/l) to give the products as yellow solids: 
128 mg, total yield: 92%.  
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