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Reimer-Tiemann Reaction 

 

The Reimer–Tiemann reaction is a chemical reaction used for the 

orthoformylation of phenols; with the simplest example being the conversion of 

phenol to salicylaldehyde.  This reaction is carried out by refluxing an alkaline 

solution of phenol with chloroform at 60°C. The residual liquid is acidified with 

dilute sulphuric acid and then steam distilled.  The product from phenol is 

largely the ortho-aldehyde (salicylaldehyde) together with a small amount of the 

p-isomer.  

 

 

If both the ortho positions in the phenol are occupied, the reaction then gives 

the   para-aldehyde as the major product.  The predominate formation of ortho- 

product can be explained in terms of the stabilisation through the formation of 

intramolecular hydrogen bonding which is not possible in case of the para-

isomer. 
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Reaction conditions 

Hydroxides are generally not readily soluble in chloroform, thus the reaction is 

generally carried out in a biphasic solvent system. In the simplest sense this 

consists of an aqueous hydroxide solution and an organic phase containing the 

chloroform. The two reagents are therefore separated and must be brought 

together for the reaction to take place. The reaction typically needs to be heated 

to initiate the process, however once started, the Reimer-Tiemann Reaction can 

be highly exothermic, the reaction proceeds towards completion.   

Scope 

The Reimer–Tiemann reaction is effective for other hydroxy-aromatic 

compounds, such as naphthols. Dichlorocarbenes (formed from chloroform in 

presence of alkali) can react with alkenes and amines to respectively form 

dichlorocyclopropanes and isocyanides. As such the Reimer–Tiemann reaction 

may be unsuitable for substrates bearing these functional groups. In addition, 

many compounds cannot withstand being heated in the presence of hydroxide.  
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Schotten-Baumann Reaction 

 

The Schotten–Baumann reaction is a method to synthesize amides from 

amines and acid halides. Benzoyl chloride is only very slowly decomposed by 

water or by dilute sodium hydroxide, and because of this, compounds 

containing an active hydrogen atom can be benzoylated in the presence of dilute 

aqueous sodium hydroxide. This method of benzoylation is known as the 

Schotten-Baumann reaction. 

 

Reaction Conditions 

In the first step benzoyl chloride reacts with an amine so that an amide is 

formed, together with a proton and a chloride ion (ions generated from HCl). 

Addition of a base is required to absorb this acidic proton otherwise the product 

amide may be hydrolysed. Often, an aqueous solution of a base is slowly added 

to the reaction mixture.  

The name "Schotten–Baumann reaction conditions" is often used to indicate the 

use of a two-phase solvent system, consisting of water and an organic solvent. 

The base within the water phase neutralizes the acid, generated in the reaction,  
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while the starting materials and product remain in the organic phase, often 

dichloromethane or diethyl ether. The presence of a base prevents the amine 

reactant from being protonated, which would make it unable to react as a 

nucleophile.  

Scopes and Applications 

The Schotten–Baumann reaction or reaction conditions are widely used today in 

organic chemistry. The following facts are to be remembered in case of 

Schotten-Baumann reaction: 

1. The reaction is very suitable for the preparation of simple amides from 

primary amines. 

 

2. The usual procedure is to mix the alcohols or amines with required 

amount of benzoyl chloride in presence of excess aqueous sodium 

hydroxide or saturated aqueous sodium bicarbonate and then the mixture 

is stirred vigorously. 

 

3. The order of reactivity for alcohols is 1° > 2° > 3°. 

 

4. The order of reactivity of amines is determined by their basicities. More 

basic amine reacts faster. 
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Fries Rearrangement 

 

The Fries rearrangement is a rearrangement reaction of a phenolic ester to a 

hydroxy aryl ketone by catalysis of Lewis acids. It involves migration of an acyl 

group of phenol ester to the aryl ring. The reaction is ortho and para selective 

and one of the two products can be favoured by changing reaction conditions, 

such as temperature and solvent.  

The conversion of a phenyl ester into an ortho-or para-hydroxyketone, or a 

mixture of both, by treatment with anhydrous aluminium chloride is known as 

Fries rearrangement. 

 

Generally low temperatures (60°C or less) favour the formation of the p-isomer, 

whereas high temperatures (above 160°C), favour the o-isomer. This 

rearrangement is a useful synthetic route to phenolic ketones.  

Low temperature favours the para-isomer, and it is due to the fact that ortho-

attack involves steric interaction with the large –COCH3 group. Consequently, 

ortho-attack requires more activation energy and reaction occurs at a higher 
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temperature. But ortho-isomer is more stable than the para-isomer because the 

the ortho-acylated phenol becomes stabilised by intramolecular hydrogen 

bonding as shown below. 

 

 

 

Claisen Rearrangement 

 

Claisen rearrangement is an organic chemical reaction that offers a powerful 

method in the formation of carbon-carbon bonds. This reaction belongs to 

the “sigmatropic rearrangement” category of reactions wherein the 

mechanism of the reaction is concerted (i.e. all the bonds break and form 

simultaneously).  

This is the rearrangement of allyl aryl ethers to allyl phenols. No catalyst is 

required and it occurs when the substrate is heated alone to about 200°C.  
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The allyl group migrates to the o-position of one is free but if both ortho-

positions are occupied, then migration occurs to the para-position.  

  

 

 

The above transformations are classified as the [3,3]-sigmatropic 

rearrangements. The Claisen rearrangement is an exothermic, concerted (bond 

cleavage and recombination) pericyclic reaction.  
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Williamson’s Ether Synthesis 

The Williamson ether synthesis is an organic reaction, forming an ether from 

an organohalide and a deprotonated alcohol (alkoxide). Typically it involves the 

reaction of an alkoxide ion with a primary alkyl halide via an SN2 reaction.  

An example is the reaction of sodium ethoxide with chloroethane to form 

diethyl ether and sodium chloride:  

C2H5ONa    +    C2H5Cl        →    C2H5OC2H5 + NaCl 

 

 

This method is particularly useful for preparing mixed ethers, and it is best to 

use the alkoxide  of the secondary or tertiary alcohol, and primary halide 

because secondary and tertiary alkyl halide readily undergo the E2  (elimination 

bimolecular) reaction in the presence of a strong base  to form alkenes. 

 

Mechanism 

The Williamson ether reaction follows an SN2 (bimolecular nucleophilic 

substitution) mechanism. In an SN2 reaction mechanism there is a backside 

attack of an electrophile by a nucleophile and it occurs in a concerted 

mechanism (happens all at once). In order for the SN2 reaction to take place 

there must be a good leaving group which is strongly electronegative, 

commonly a halide.  
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The general reaction mechanism is as follows:  

 

Scope  

In the case of asymmetrical ethers there are two possibilities for the choice of 

reactants, and one is usually preferable either on the basis of availability or 

reactivity. The alkoxide may be primary, secondary or tertiary. The alkylating 

agent, on the other hand is most preferably primary. Secondary alkylating 

agents also react, but tertiary ones are usually too prone to side reactions to be 

of practical use.  
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Cleavage of Ethers with HI 

 

Ethers are readily hydrolysed by concentrated hydroiodic acid. The final 

product depends on the temperature of the reaction. In the cold, one mole of 

ether reacts with HI to give a mixture of one mole an alcohol and one mole of 

an alkyl iodide. The nature of the products mixture depends on the substitution 

present in ethers.  

R2O    +    HI →   RI    +    ROH 

Diethyl ether on hydrolysis gives a mixture of ethyl alcohol and ethyl iodide. 

Et2O    +    HI →   EtI    +    EtOH 

 

(i) Acidic cleavage of ethers (SN2) 
 

When mixed ethers are used, the alkyl iodide produced depends on the nature of 

the alkyl groups. If one group is methyl and the other a primary, or secondary-

alkyl group, it is methyl iodide which is produced.  
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Description:  This can be explained on the basis that the mechanism is SN2, and 

because of the steric effect of the larger group, I- attacks the smaller methyl  

 

(ii) SN1 Ether cleavage 

 

The unimolecular SN1 mechanism proceeds via a carbocation (provided that the carbocation 

can be adequately stabilized). In the example, the oxygen atom in  tert-butyl methyl  ether is 

reversibly protonated. The resulting oxonium ion then decomposes into methanol and a 

relatively stable tert-butyl cation. The latter is then attacked by a nucleophile halide (here 

iodide), yielding tert-butyl iodide.  
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