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GRAPHICAL ABSTRACT 

 

 

Abstract  Nitration of relatively electron-rich arenes does not require an additive or a solvent.  

For example, reaction on a gram scale of anisole with acetyl nitrate, generated in situ by mixing 

100% HNO3 with acetic anhydride, produced 2,4-dinitroanisole in 82% yield after crystallization 

of the crude product.  Results with five additional monosubstituted benzene derivatives 

possessing highly activated, weakly activated, or weakly deactivated rings are reported. 
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INTRODUCTION 

In the context of another project, we required gram-quantities of 13C-labeled and 15N-labeled 2,4-

dinitroanisole (DNAN).1,2  DNAN has been prepared by mononitration of 2-nitroanisole or 4-

nitroanisole,3-5 or by dinitration of anisole.6-9  Given the commercial availability of [13C6]-anisole 

and [15N]-nitric acid, synthetic routes to DNAN starting from anisole were most appealing.  

Dinitration procedures include treatment of anisole with nitronium tetrafluoroborate,6 urea 

nitrate-sulfuric acid,7 urea nitrate-polyphosphoric acid,8 and an acidic montmorillonite clay 

impregnated with anhydrous cupric nitrate (claycop).9  The claycop procedure seemed most 

amenable to synthesis of both 13C-labeled and 15N-labeled DNAN (via the use of 15N-enriched 

claycop).  We first performed the claycop dinitration of unlabeled anisole according to the 

published procedure,9 which involved addition of a solution of anisole (10 mmol) in CCl4 (30 

mL) to a mixture of claycop (4.8 g, Sigma Aldrich) and acetic anhydride (15 mL, 16 mmol), 

followed by addition of ~6 equivalents of fuming nitric acid.  Acetic anhydride and nitric acid 

mixtures generate acetyl nitrate10 in situ, and many examples of aromatic nitration with acetyl 

nitrate have been reported.11,12  While our work was in progress, a synthesis of DNAN by 

treatment of anisole with propanoyl nitrate generated in situ over zeolite H� catalyst was 

reported.13  To determine whether claycop (or any other additive) was required, a solution of 

anisole (10 mmol) in CCl4 was added to an ice-cold mixture of acetic anhydride (53 mmol) and 

100% nitric acid (47 mmol).  An aqueous workup and flash silica gel column chromatography 

afforded DNAN as a light yellow solid in 85% yield.  Subsequently, the use of additive-free 

nitration methods for syntheses of the required isotopically labeled versions of DNAN were 

successful.1  Then, in a further application of Occam’s Razor, we wondered if a solvent, such as 



CCl4, was necessary.  Additive-free and solvent-free nitration would be a more environmentally 

benign reaction, especially on large scales.  Results from our preliminary study of additive-free 

and solvent-free nitrations of six monosubstituted benzene derivatives are reported herein. 

 

RESULTS AND DISCUSSION 

The electron-rich, highly activated arenes anisole and phenetole, the weakly activated arenes 

toluene and ethylbenzene, and the weakly deactivated arenes chlorobenzene and bromobenzene 

were subjected to nitration with acetyl nitrate, generated in situ and in the absence of additives 

and solvent.  Results appear in Table 1 and are discussed below. 

 

 

Table	1.		Nitrations	of	Arenes	1a-f	
	

	
 

Arene 
 

R 
Yields (%)a 

2a-f 3a-f 4a-f 5a-f 
1a OCH3 (82b)    
1b OCH2CH3 81  9  
1c CH3 5 5 44 36 
1d CH2CH3 9 2 45 40 
1e Cl 3  59 14 
1f Br   69 10 

aYields based on isolated products.  Ratios of products in mixtures determined by 1H NMR analysis.  
bYield after crystallization. 
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Treatment of anisole (1a) with five equivalents of acetyl nitrate generated in situ gave a mixture 

of 2,4-dinitroanisole (2a) and 4-nitroanisole (4a), from which 2a was obtained in 82% yield by 

fractional crystallization using 20% ethyl acetate in hexanes as the crystallization solvent.  A 

similar treatment of phenetole (1b) gave, in 90% combined yield, a 9:1 mixture of 2,4-

dinitrophenetole (2b) and 4-nitrophenetole (4b), as determined by 1H NMR analysis.  Fractional 

crystallization afforded 2b. 

With the less reactive arenes, more complex mixtures of mono- and dinitrated products were 

obtained.  Treatment of toluene (1c) with five equivalents of acetyl nitrate under the same 

conditions used for anisole and phenetole, followed by an extractive aqueous workup, gave an oil 

that was subjected to gravity column chromatography on silica gel 60.  Elution with 5% ethyl 

acetate/hexanes gave, in 80% combined yield, an inseparable 1.25:1 mixture of 4-nitrotoluene 

(4c) and 2-nitrotoluene (5c) as determined by 1H NMR analysis.  Further elution of the column 

with 7% ethyl acetate/hexanes and with 10% ethyl acetate/hexanes gave 2,6-dinitrotoluene (3c) 

and 2,4-dinitrotoluene (2c), each in 5% yield.  A similar treatment of ethylbenzene (1d) gave an 

oil which was subjected to gravity column chromatography on silica gel 60.  Elution with 5% 

ethyl acetate/hexanes afforded, in 85% combined yield, an inseparable 1.13:1 mixture of 1-ethyl-

4-nitrobenzene (4d) and 1-ethyl-2-nitrobenzene (5d).  Further elution of the column with 10% 

ethyl acetate/hexanes gave, in 11% combined yield, an inseparable 5:1 mixture of 1-ethyl-2,4-

dinitrobenzene (2d) and 1-ethyl-2,6-dinitrobenzene (3d).  As this was a preliminary survey to 

gauge the feasibility of additive-free, solvent-free nitration, no attempts were made to optimize 

the reaction conditions for the production of specific products. 

Weakly deactivated halobenzenes gave predominantly mononitrated products.  Treatment of 

chlorobenzene (1e) with five equivalents of acetyl nitrate under the same conditions used for 



anisole and phenetole, followed by an extractive aqueous workup, gave an oil that was a 21:5:1 

mixture of 1-chloro-4-nitrobenzene (4e), 1-chloro-2-nitrobenzene (5e), and 1-chloro-2,4-

dinitrobenzene (2e), respectively, in 76% combined yield.  A similar treatment of bromobenzene 

(1f) gave an oil that was a 7:1 mixture of 1-bromo-4-nitrobenzene (4f) and 1-bromo-2-

nitrobenzene (5f) in 78% combined yield. 

Given the hazards associated with generation and use of acetyl nitrate,10 particularly on a large 

scale, we also tested the use of propionic anhydride in the additive-free, solvent-free nitration of 

anisole.  Similar results were obtained, even when the excess of nitrating agent was reduced by 

half (see the Experimental Section for details). 

 

CONCLUSIONS 

Previously we described a synthesis of 2,4-dinitroanisole from anisole and acetyl nitrate 

generated in situ using acetic anhydride and 100% nitric acid without the need for additives, such 

as claycop or zeolites.  Herein we report this reaction can be conducted without an added solvent, 

such as CCl4, further streamlining this process and making it more environmentally benign.  The 

reaction appears to have general utility, at least for electron-rich arenes.  Studies with more 

complex arenes and with variations of reaction parameters for optimization of results are 

underway. 

EXPERIMENTAL 

Nitration of Anisole using Acetic Anhydride.  100% Nitric acid14 (3.0 g, 47 mmol, 2.0 mL) 

was added dropwise with stirring to acetic anhydride (5.0 mL, 5.4 g, 53 mmol) in an ice bath.  

After 10 min, a solution of anisole (1a, 1.08 g, 10 mmol) in acetic anhydride (1.0 mL) was added 



dropwise and the reaction mixture was allowed to attain room temperature.  After stirring 

overnight, the reaction mixture was poured into water (50 mL) and stirred for 1 h.  The resulting 

solid was collected by filtration, dried in air, and crystallized from 20% EtOAc/hexanes, 

affording 1.62 g (8.2 mmol, 82% yield) of 2a as colorless needles that melted sharply at 88 °C 

(lit.15 mp 88 °C).  The observed NMR data were consistent with literature data.13 

Nitration of Anisole using Propionic Anhydride.  (Ratio of nitric acid to anisole 4.7:1) 100% 

Nitric acid14 (3.0 g, 47 mmol, 2.0 mL) was added dropwise with stirring to propionic anhydride 

(7.0 mL, 6.9 g, 54 mmol) in an ice bath.  After 10 min, a solution of anisole (1a, 1.08 g, 10 

mmol) in propionic anhydride (2.0 mL) was added dropwise and the reaction mixture was 

allowed to attain room temperature.  After stirring overnight, the reaction mixture was poured 

into water (50 mL) and stirred for 1 h.  The solid was collected by filtration and dried in air, 

affording 1.80 g of a 12.5:1 mixture of 2a and 4-nitroanisole (4a) as determined by 1H NMR 

analysis.  This weight and ratio correspond with an 84% yield of 2a.   

Nitration of Anisole using Propionic Anhydride.  (Ratio of nitric acid to anisole 2.4:1) 100% 

Nitric acid14 (3.0 g, 47 mmol, 2.0 mL) was added dropwise with stirring to propionic anhydride 

(7.0 mL, 6.9 g, 54 mmol) in an ice bath.  After 10 min, a solution of anisole (1a, 2.16 g, 20 

mmol) in propionic anhydride (2.0 mL) was added dropwise and the reaction mixture was 

allowed to attain room temperature.  After stirring overnight, the reaction mixture was poured 

into water (50 mL) and stirred for 1 h.  The solid was collected by filtration and dried in air, 

affording 3.65 g of a 12:1 mixture of 2a and 4-nitroanisole (4a) as determined by 1H NMR 

analysis.  This weight and ratio correspond with an 87% yield of 2a.   
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SUPPORTING INFORMATION 

Full experimental details.  This material can be found via the “Supplementary Content” section 

of this article’s webpage. 
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