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Abstract: Bromination is one of the most important transformations in organic synthesis and can be carried 

out using bromine and many other bromo compounds. Use of molecular bromine in organic synthesis is 

well-known. However, due to the hazardous nature of bromine, enormous growth has been witnessed in the 

past several decades for the development of solid bromine carriers. This paper outlines the sustainable 

bromination of organic compounds focuses on carrying out bromination reactions in an environmentally 

friendly, energy-efficient, and less hazardous way, aligning with the principles of green chemistry.  

Introduction:  

Bromine is one of the most important and essential members in the periodic table. A wide range of bromo-

organic compounds found in nature and also synthesized in laboratory. The bromo-organics are mainly 

used as flame-retardants, biocides, gasoline additives, halons, polymers, pharmaceuticals, agrochemicals, 

and dyes. They also play an important role as intermediates in the production of agrochemicals and 

pharmaceuticals. Elemental bromine is used to manufacture a wide variety of bromo compounds used in 

industry and agriculture. However, there is risk in handling bromine, as elemental bromine is hazardous 

and is a strong irritant. It produces painful blisters on exposed skin and especially mucous membranes. 

Even a low concentration of bromine vapor can affect breathing, and significant amounts of bromine can 

damage the respiratory system. Therefore, the use and handling of bromine needs special precautions. 

Sometimes, this reagent is not selective. In some cases, an extra catalyst has to be added to promote 

bromination using bromine. Therefore, different brominating reagents have been developed to make 

bromination procedures more effective and selective. Legions of brominating agents have been developed 

by a number of researchers across the globe in the passing years. Here’s an overview of sustainable 

strategies for bromination: 

 1. Safer Bromine Sources 

Rather than using molecular bromine (Br₂), which is toxic and volatile, alternative reagents are used: 

(i) N-Bromosuccinimide (NBS) – In terms of ease of handling and availability, N-bromosaccharin 

(NBSac) is a superior brominating agent. N-Bromosaccharin reacts with electron-rich aromatic 

compounds (anisole, acetanilide, N,N-dimethylaniline), producing brominated compounds. Some 

of characteristics of n-Bromosuccinimide are: 

(a) Controlled Bromine Release: NBS is a stable solid that slowly releases bromine (Br2) in 

solution, unlike using bromine gas (Br2) directly, which can be hazardous and lead to over-

bromination.  

(b) Selective Bromination: The controlled bromine release allows for selective bromination, 

especially in allylic and benzylic positions, where NBS preferentially attacks the carbon-

hydrogen bonds adjacent to a double bond or a benzene ring.  
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(c) Reduced Side Reactions: By minimizing the concentration of free bromine, NBS reduces the 

likelihood of unwanted side reactions, such as the addition of bromine to double bonds.  

(d) Safer Handling: Compared to bromine gas, NBS is a solid that is easier and safer to handle in 

the laboratory.  

(e) Versatility: NBS can be used in various reactions, including radical brominations, 

electrophilic additions, and as an oxidizing agent.  

However, it's important to note that NBS can be sensitive to moisture and light, and its reactions 

need to be performed under controlled conditions, sometimes requiring the use of radical 

scavengers or specific solvents to prevent unwanted side reactions.  

(ii) Hydrobromic acid (HBr) + oxidant –  Hydrobromic acid (HBr) reacts with oxidants to 

produce bromine (Br₂). The specific reaction depends on the oxidant used. For example, with 

sulfuric acid (H₂SO₄), HBr is oxidized to Br₂ and water, with H₂SO₄ reduced to sulfur dioxide 

(SO₂). Other oxidants, like potassium permanganate (KMnO₄) or potassium dichromate 

(K₂Cr₂O₇), can also oxidize HBr to Br₂.  

               Here's a more detailed explanation: 

• HBr and Oxidants: 

            Hydrobromic acid is a strong acid and a reducing agent. Oxidants, on the other hand,       

           are substances that can accept electrons, causing the oxidation of other substances.  

• Reaction with Sulfuric Acid: 

When HBr reacts with H₂SO₄, the HBr is oxidized to bromine (Br₂), and the sulfuric acid is 

reduced to sulfur dioxide (SO₂). This is a classic redox reaction.  

• Other Oxidants: 

Other common oxidants, like potassium permanganate (KMnO₄) or potassium dichromate 

(K₂Cr₂O₇), can also oxidize HBr to bromine.  

• Industrial Applications: 

The production of bromine from HBr and oxidants is an important industrial process, particularly 

in the synthesis of organobromine compounds and various chemical intermediates.  

 2. Green Solvents or Solvent-Free Conditions 

Both green solvents and solvent-free conditions are being explored to make bromination   reactions 

more environmentally friendly. Green solvents, like water or ethanol, can replace traditional 

halogenated solvents. Solvent-free conditions, such as using microwave reactors or solid-supported 

reagents, can eliminate the need for solvents altogether.  

• Aqueous Bromination: 

Water can be used as a solvent for bromination reactions, particularly when combined with 

reagents like potassium bromide and ceric ammonium nitrate.  

• Ethanol as a Solvent: 

Ethanol, a renewable solvent, can also be used in bromination reactions, offering a more 

sustainable alternative to chlorinated solvents.  

• Ionic Liquids: 

Green ionic liquids, synthesized from natural salts and FeCl3, have been used as solvents for 

bromination, offering a sustainable and efficient approach.  

Solvent-Free Conditions: 
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• Microwave Irradiation: 

Microwaves can be used to heat reaction mixtures without the need for traditional solvents, 

enabling solvent-free bromination reactions. 

• Solid-Supported Reagents: 

Solid-supported reagents, like NBS (N-bromosuccinimide) on a solid support, can be used in a 

solvent-free manner, allowing for easier product isolation and reduced waste. 

• Concentrated Solar Radiation: 

Using concentrated solar radiation as an energy source allows for solvent-free bromination 

reactions, offering an energy-efficient and sustainable approach. 

• Thermal Reactions: 

Some bromination reactions can be carried out in the absence of solvents under thermal 

conditions, particularly when using reagents like quaternary ammonium tribromides.  

Comparison: 

• Green solvents offer a more sustainable alternative to traditional solvents, but still require a medium 

for the reaction to occur.  

• Solvent-free conditions eliminate the need for a solvent altogether, reducing waste and potentially 

increasing reaction efficiency.  

• The choice between green solvents and solvent-free conditions depends on the specific reaction 

and the desired outcome.  

            Examples: 

• Aqueous bromination of acetanilide using potassium bromide and ceric ammonium nitrate, 

resulting in high yields.  

• Solvent-free benzylic bromination using concentrated solar radiation and NBS, providing good 

yields and reduced reaction time.  

 

 3. Catalysis and Selectivity 

Catalysis and selectivity in bromination reactions are crucial for controlling the outcome of chemical 

synthesis. Bromination, the process of introducing a bromine atom into a molecule, can be influenced by 

catalysts to enhance reaction rates and direct the formation of specific products. Zeolites, for example, can 

be used as catalysts to improve the selectivity of bromination reactions, particularly for aromatic 

compounds.  

Catalysis in Bromination: 

• Lewis Acids: 

Metal halides like FeCl3 and AlCl3 can act as catalysts for aromatic bromination, facilitating the 

formation of a electrophilic bromine species (Br+) that attacks the aromatic ring.  

• Zeolites: 

Zeolites, with their porous structure and acidic sites, can catalyze bromination reactions, offering 

advantages in terms of selectivity and activity. For instance, zeolite H-beta has shown high selectivity in 

the bromination of chlorobenzene and toluene.  
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• Iron-Catalyzed Reactions: 

Iron catalysts, particularly in combination with a terminal oxidant like m-chloroperbenzoic acid, can be 

effective for site-selective bromination of benzylic positions in organic molecules.  

• Other Catalysts: 

Various other catalysts, including zinc salts adsorbed on inert supports, iodobenzene in combination with 

m-chloroperbenzoic acid, and porphyrin-based catalysts, can be employed for specific bromination 

reactions.  

Selectivity in Bromination: 

• Aromatic Bromination: 

Bromination of aromatic compounds can be directed towards specific positions (ortho, meta, para) on the 

ring, influenced by the substituents already present on the ring and the nature of the catalyst.   

• Radical Bromination: 

In free radical bromination, selectivity is influenced by the stability of the intermediate radical species 

formed. Secondary and tertiary radicals are favored over primary radicals, leading to higher yields of 

products substituted at more substituted carbons.  

• Zeolite-Catalyzed Reactions: 

Zeolites can exhibit different selectivities for bromination on their outer surface compared to within their 

pores. Cation exchange within the zeolite can also impact selectivity.  

• Functional Group Tolerance: 

Many bromination reactions, particularly those catalyzed by iron or other methods, demonstrate good 

functional group tolerance, allowing for bromination to occur in the presence of other reactive groups.   

Examples of Catalysis and Selectivity: 

• In the bromination of toluene, acidic H-beta zeolites favor the formation of nuclear brominated products, 

while weakly acidic zeolites can enhance the formation of side-chain products.  

• The bromination of halobenzenes using zeolite catalysts often results in a higher para/ortho ratio compared 

to traditional methods.  

• The bromination of propane demonstrates high selectivity for the secondary carbon, yielding mostly 2-

bromopropane.  

• In the bromination of phenol derivatives, electron-donating groups can enhance reactivity and influence the 

selectivity of the reaction, leading to both mono- and dibrominated products.  

In summary, catalysts play a crucial role in controlling the rate and outcome of bromination reactions, while 

selectivity considerations are vital for directing the process towards the desired products. Various catalysts 

and reaction conditions can be employed to achieve specific bromination patterns, including site-selective 

bromination of aromatic and aliphatic compounds.  

 4. In Situ Generation of Bromine 

In situ generation of bromine refers to producing bromine (Br2) directly within a reaction mixture, rather 

than adding it as a separate reagent. This approach is often preferred for safety reasons, as it minimizes the 
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handling and storage of elemental bromine, which can be hazardous. It's commonly achieved by reacting a 

bromide source (like a metal bromide or hydrobromic acid) with an oxidizing agent (like hydrogen peroxide 

or a bromate) under acidic conditions.  

• Safety: 

Elemental bromine is a corrosive and toxic substance. Generating it in situ reduces the risk of exposure.  

• Green Chemistry: 

It aligns with green chemistry principles by minimizing the use of hazardous reagents and potentially 

reducing waste.  

• Efficiency: 

In some cases, in situ generation can lead to more efficient bromination reactions compared to using pre-

made bromine.  

How it works: 

1.  The Bromide Source: 

A common source of bromide ions is sodium bromide (NaBr) or hydrobromic acid (HBr).   

2. The Oxidizing Agent: 

Common oxidants include hydrogen peroxide (H2O2), sodium bromate (NaBrO3), or other reagents that 

can oxidize bromide to bromine.  

3.  Acidic Conditions: 

Acidic conditions (like using sulfuric acid or hydrochloric acid) are usually necessary to facilitate the 

oxidation of bromide to bromine.  

4. The Reaction: 

The bromide source reacts with the oxidant under acidic conditions to generate bromine in situ.  For 

example, the reaction between bromide and bromate in the presence of acid can be represented as:  

Example reaction: 

KBr + H₂O₂ → Br₂ (in situ) + H₂O + KOH 

This avoids handling elemental bromine and improves safety. 

• From bromide and bromate: 

This is a common method, especially in kinetic studies, where a bromate-bromide mixture is used to 

generate bromine.  

• From hydrobromic acid and hydrogen peroxide: 

This method is used in bromination reactions, where the bromine generated reacts with a substrate.  

• From bromide and an oxidant in a flow reactor: 

This is a safer and more controlled way to generate bromine, especially for larger scale reactions.   

In essence, in situ generation of bromine is a technique that enhances safety and efficiency in bromination 

reactions by producing bromine directly within the reaction mixture.  

 

 5. Microwave-Assisted or Flow Bromination 

Microwave-assisted and flow bromination are two methods used for introducing bromine into organic 

molecules, each with its own advantages and disadvantages. Microwave-assisted bromination offers faster 

reaction times and potentially higher yields due to efficient heating, while flow bromination provides 

advantages like improved safety, especially with bromine's reactivity and potential for toxic gas generation, 

and better control over reaction parameters.  
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Microwave-Assisted Bromination:  

• Advantages:  

o Rapid heating: Microwaves can heat reaction mixtures much faster than conventional heating methods, 

leading to reduced reaction times.  

o Selective heating: Microwaves can selectively heat certain materials, which can be beneficial for 

reactions with specific components.  

o Increased reaction rates: The efficient heating can lead to faster reaction rates and potentially higher 

yields.  

o Improved reproducibility: Microwave-assisted reactions can be more reproducible than those using 

conventional heating.  

• Disadvantages:  

o Scale-up challenges: Scaling up microwave-assisted reactions from lab scale to industrial scale can be 

difficult and expensive.  

o Potential for hotspots: Uneven heating can occur, potentially leading to side reactions.  

o Cost of equipment: Microwave reactors can be more expensive than conventional heating equipment.  

Flow Bromination:  

• Advantages:  

o Improved safety: Flow systems allow for better control of bromine handling, reducing the risk of 

exposure to hazardous fumes.  

o Enhanced safety with bromine: Bromine dissolves better in water than chlorine, and its activity in water 

is short-lived, minimizing the need for separate bromine removal processes.  

o Precise control of reaction parameters: Flow systems allow for precise control over flow rates, 

temperature, and reactant concentrations, leading to better control over reaction conditions.   

• Disadvantages:  

o Potential for dangerous gases: Bromine can react with water to produce corrosive and toxic gases, 

requiring careful handling and ventilation.  

o Complexity of flow systems: Flow systems can be more complex to set up and operate compared to 

traditional batch reactions.  

o Potential for pressure buildup: In some flow systems, pressure buildup can be a concern, requiring 

appropriate safety measures.  
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