
Chemistry 234 – Spring 2011 Experiment 1 
 

A Two-Step Synthesis of 4’-Substituted-2,4-dinitrodiphenylamine 
 

Read: Vollhardt 15-10 (p. 696), 16-3 (p. 728), 22-4 (p. 1013) 
 
Introduction: 
 
Because of the ability of carbon to form chains and rings, and because of the various functional groups that exist, 
the number of possible organic structures is virtually limitless.  Indeed, more than ten million different 
substances, most of them organic compounds, are known today.  Only a relatively small number (about 30,000) 
of these compounds can be purchased from commercial suppliers: most of the rest have been synthesized.  
Someone who wishes to study the physical, chemical, or physiological properties of a compound obviously 
must have a sample of it.  Because of the limited commercial availability of organic compounds, one often must 
synthesize the desired material. 
 
Organic synthesis is the preparation of a desired organic compound from a readily available starting material, 
usually by some multistep procedure.  It is an important element of organic chemistry and the cornerstone upon 
which the organic chemical industry is based.  One of the powerful aspects of organic chemistry is that the 
chemical reactions characteristic of various functional groups may be carried out in sequence to synthesize 
almost any desired structure, whether or not that compound has ever existed before!  The goal in any synthesis 
is to obtain a pure sample of the desired product by the most efficient and convenient procedure possible.  For 
this reason, one usually strives to use reactions that can reliably be expected to give only a single product and 
avoids reactions that will give a mixture of products.  It is also important to plan a synthesis that entails the 
fewest possible steps.  This is necessary both in terms of the amount of time consumed in an overly long route 
and in the ultimate yield that may be realized.  A ten-step synthesis averaging a relatively good 80% yield per 
step will give an overall yield of only (0.80)10 x 100% = 11%. 
 
For most of you, this experiment is one of your first attempts at multistep organic synthesis.  Fortunately, there 
are only two steps involved in this experiment: electrophilic aromatic nitration of bromobenzene with 
nitric/sulfuric acid followed by nucleophilic aromatic substitution of the 1-bromo-2,4-dinitrobenzene 
intermediate with one of six aromatic amines – aniline, p-toluidine (p-methylaniline), p-anisidine (p-
methoxyaniline), p-phenetidine (p-ethoxyaniline), p-bromoaniline, or p-chloroaniline. 
 
Procedure: 
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1-Bromo-2,4-dinitrobenzene:  Heat a mixture of 15 mL (0.27 mol) of conc. sulfuric acid and 5 mL (0.08 mol) 
of conc. nitric acid in a 50-mL Erlenmeyer flask to 85-90 °C using a sand bath on a hot plate.  Add 3.0 g (19 
mmol) of bromobenzene in 3 or 4 portions, swirling well after each addition.  The internal temperature may rise 
to 120-135 °C; this is normal.  Allow the mixture to stand at elevated temperature with occasional swirling for 5 
min., then let it cool nearly to room temperature, and pour it over about 100g of ice in a beaker.  Stir the 
resulting mixture until the product has solidified, crush the lumps, and collect the crude product by suction 
filtration.  Recrystallize the crude product from hot 95% ethanol (about 15 mL).  The product may separate out 
as an oil, but vigorous swirling of the mixture when the oil appears will usually promote crystallization.   Obtain 
a melting point range and an IR spectrum.  WARNING: Be sure you wash your hands thoroughly after this 
experiment is over.   The starting material is a strong lachrymator and can potentially be introduced to your eyes 
and other mucous membranes by inadvertently rubbing them with your hands. 



Procedure: 
Week 2: 
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4’-Substituted-2,4-dinitrodiphenylamine:  In a 50-mL round-bottomed flask, place 1.8g (7.3 mmol) of 1-
bromo-2,4-dinitrobenzene, 20 mL of 95% ethanol, and one of the following aromatic amines: 1.5g of aniline, or 
1.7 g of p-toluidine (p-methylaniline), or 2.0 g of p-anisidine (p-methoxyaniline), 2.2 g of p-phenetidine (p-
ethoxyaniline), 2.8 g of p-bromoaniline, or 2.1 g of p-chloroaniline.  Add a condenser, heat the mixture to reflux 
for 30 min. and allow the mixture to cool slowly to room temperature over 30 min.  Collect the crude product 
by suction filtration.  Recrystallize the crude product from hot 95% ethanol (100-135 mL).  Obtain a melting 
point range and an IR spectrum. 
 
Editor’s Note: Are not the crystals of your final product of transcendent beauty?  You can take them home with 
you to marvel at long after this course (and your college career) is over.  Like Pokemon™, Silly Bandz® or 
infectious diseases, they can be traded with your friends.  Collect all six! 
 
Data Sets:  Calculate the percent yields for each step and the overall percent yield.  Comment on the purity of 
your products after each recrystallization.  Assign the important IR stretches to each compound. 
 
 
Questions: 
 
1. The first step calls for a large surplus of nitric acid (over four mole-equivalents).  However, the reaction 

proceeds to nitrate bromobenzene only twice.  Explain. 
 
2. Using Lewis/resonance structures, explain the color in your final product.  Hint: Read Vollhardt 14-11 

(p. 642). 
 
Reference: Ault, Addison “Techniques and Experiments for Organic Chemistry,” 5th Ed.; Waveland Press: 

Prospect Heights, IL 1994; pp. 424-429. 
 
Melting points: (all values as °C): 
R = H; 154 - 155 
R = Me; 133 - 135 
R = Br * 
R = Cl * 
R = OMe; 139 - 140 
R = OEt; 118 - 121 
* no values reported in the literature; what do you get? 


