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Abstract: A protecting group (English protecting group - therefore often referred to as common 

abbreviation in formula schemes PG) is in chemistry a substituent which, during a more complicated, 

multi-step chemical synthesis in a molecule is introduced to a specific functional group to protect 

temporarily and so an undesirable reaction to prevent this group. After the desired reaction has been 

carried out elsewhere on the molecule, the protective group is split off again. For many functional 

groups several possible protective groups are known which differ in their stability and the conditions 

for their cleavage. In the synthesis of special classes of compounds with repeating functional groups - 

usually biomolecules such as peptides, oligosaccharides or nucleotides - standard sets of protective 

groups have become established. Protecting groups have become an important tool in the synthesis of 

complex compounds today. The requirements for a protection group are quite high. This includes that 

it can be introduced specifically to a functional group with very good vield and that it must also be 

able to be split off yield and that it must also be able to be split off again under mild conditions. It 

should be possible to standardize the reaction conditions for both steps. In addition, the protective 

group must be stable under as many reaction conditions as possible. If possible, the resulting reaction 

products should be easily separable, and optimally the protective group reagent is also inexpensive. 

The broader the experience with a protective group, the better the predictability of the reactivity of the 

protective group. 
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Annotation 

What is the protecting group 

A protecting group or protective group is introduced into a molecule by chemical modification of a 

functional group to obtain chemoselectivity in a subsequent chemical reaction. It plays an important 

role in multistep organic synthesis. 

 

Acetal protection of a ketone with ethylene glycol during reduction of an ester, vs. reduction to a 

diol when unprotected. 

In many preparations of delicate organic compounds, some specific parts of their molecules cannot 

survive the required reagents or chemical environments. Then, these parts, or groups, must be 

protected. For example, lithium aluminium hydride is a highly reactive but useful reagent capable 

of reducing esters to alcohols. It will always react with carbonyl groups, and this cannot be 

discouraged by any means. When a reduction of an ester is required in the presence of a carbonyl, 

the attack of the hydride on the carbonyl has to be prevented. For example, the carbonyl is converted 

into an acetal, which does not react with hydrides. The acetal is then called a protecting group for 

the carbonyl. After the step involving the hydride is complete, the acetal is removed (by reacting it 

with an aqueous acid), giving back the original carbonyl. This step is called deprotection 

Use of the Protecting groups in the industrial scales 

Protecting groups are more commonly used in small-scale laboratory work and initial development 

than in industrial production processes because their use adds additional steps and material costs to 

the process. However, the availability of a cheap chiral building block can overcome these additional 

costs (e.g. shikimic acid for oseltamivir).  
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>> Stability 

 

 

protecting by decree sing raqfinty 
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A protective group (also referred to as "protecting group") is a reversably formed derivative of an 

existing functional group in a molecule. The protective group is temporarily attached to decrease 

reactivity so that the protected functional group does not react under synthetic conditions to which 

the molecule is subjected in one or more subsequent steps. As an example, whereas amines are 

nucleophiles and react with electrophiles, the amino group is no longer nucleophilic after being 

converted to a carbamate. Protecting an amine as a carbamate therefore enables other functional 

groups to undergo selective reactions with electrophiles whereby the carbamate (protected amino 

group) is left intact. However, two additional synthetic steps are needed to achieve this protection: 

the step to form the protected intermediate and a deprotection once the additional selective synthetic 

steps have been completed. In addition, the nature of the protective group must be chosen carefully 

to ensure adequate stability throughout all the intermediary synthesis steps. Moreover, the 

conditions for the protection and deprotection steps and the nature of the protective group itself 

mustn't interfere with other functional groups present in the molecule. 

If more than one functional group of the same type is present in a molecule, subtle differences in 

reactivity - for example caused by steric effects - can help to achieve the selective protection of just 

one functional group while another such functional group remains unprotected. Alternatively, a 

second such functional group could be 

protected with a different protecting group that has a different reactivity profile. Another opportunity 

is to build a larger molecule from subunits in which similar or identical functional groups have been 

differently protected beforehand. For example, a Boc- protected amino group can be deprotected in 

acidic media, whereas a Fmoc-protected amino group can be deprotected under basic conditions. 

The presence of both protective groups in the same molecule therefore enables selective 

deprotection of one protected amino group for a further reaction while the second protected amino 

group remains untouched. This is referred to as an orthogonal protecting group strategy. 

Not only is selectivity important, but the yields for the protection and deprotection steps must be 

high to avoid making the reaction sequence inefficient. As a result, chemists in recent years prefer 

to design synthesis pathways that employ steps conducted under more selective reaction conditions, 

engineered to affect and convert only the specific desired functional group rather than harsher, less 

selective conditions that require protection for differentiation. Another tactic is to employ reaction 

conditions under which the functional group "protects itself" temporarily, for example as an anion 

under basic conditions or a cation under acidic conditions. These minimalist approaches can be 

summarized in the statements that, "the best protective group is no protective group", and "the best 

protective group is the one that isn't required". The demands of designing environmentally friendly 

("green") synthesis pathways, or simply more efficient synthesis pathways with fewer steps and 

higher overall yields, have resulted in a number of reports of synthetic sequences to produce natural 

compounds or other synthesis targets that are fully protective group-free. 

Protection of protecting groups for organic synthesis in which to produced 

1. Hydroxyl groups 

2. Ketones and aldehydes 

3. Amines 
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4. Carboxylic Acids 

5. Alkynes 

1. Protecting Groups for Alcohols 

The common protecting groups for alcohols are ether-protecting groups. Ethers are among the least 

reactive of the organic functional groups 

 

The ether protecting groups of alcohols can be grouped in the following categories: 

1. Silyl ether protecting groups 

 

2. Acetal protecting groups 

 

These protections replace the acidic proton on an alcohol with an unreactive ether moiety. 

Common Silicon-Based Protecting Groups for Alcohols 
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Formation 

Silicon-Based Protecting Groups for Alcohols 

 

 

Tert-Butyldimethylsilyl ethers (TBDMS) 
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(Silyl Protecting Groups) Cleavage 

Deprotection of Silicon-Based Protecting Groups 
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Synthetic Applications of Silyl Protecting Groups 

The bulkiness of TBDMS and TBDPS ether protecting groups can be used to advantage to suppress 

hydrogen-bonding to the oxygen restricting any incoming reagents to approach from the least 

hindered side of the molecule. 

 

 

 

Synthetic Applications of Silyl Protecting Groups 

The bulkiness of TBDMS and TBDPS ether protecting groups can also be exploited in incorporating 

the protecting group on less sterically encumbered primary hydroxyl groups selectively using 

submolar amounts of the silyl chloride. 
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Rarely are alkyl ethers used as protecting groups for alcohols, but benzyl ethers are special. 

 

 

Acetonide Protecting Groups for 1,2-Diols Formation 

 

Cleavage 
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Synthetic Applications of Ether Protecting Groups 
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2. Amine Protecting Groups 

 

General preparation 
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Carbamates 
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3. Protecting Groups for Carboxylic Acids 

 

The common ester protecting groups for carboxylic acids are methyl, ethyl and benzyl esters. 

Methyl Esters Formation 

 

Cleavage 

 

 

Ethyl and benzyl esters are prepared based on the following rationale: 
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Best approach: 

 

 

 

Mechanism of DCC coupling 
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Ethyl Esters Formation 

 

Benzyl Esters Formation 

 

 

Cleavage 

By hydrogenolysis: A very mild method for most functional groups except with alkenes, alkynes 

and nitriles. 
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Perspectives in the Synthetic Applications of the Ester Protecting Groups 

 

NotethatLiBH4canreducethemorereactiveesterfunctionalgroupleavingthe 

lessreactivecarboxylicacidandcarbamategroupsunaffected. 

Protecting Groups for Aldehydes & Ketones 

Acetal Protecting Group Formation 

 

 

Cleavage 

Acid catalysed hydrolysis (dilute HCl or AcOH / H2O or TFA/ H2O or 

p- TsOH in acetone) can be used. 
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Synthetic Applications of the Acetal Protecting Group 

The Wieland-Miescher ketone is a common intermediate in the synthesis of both natural and 

synthetic steroids. 

 

Because of resonance stabilization, the carbonyl of the a,bunsaturated ketone is less electrophilic 

and therefore less reactive to nucleophiles compared to an isolated ketone. 
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5.Alkyne Protecting Groups 
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• Typical silyl groups include TMS, TES, TBS, TIPS, and TBDMS. 

• Many silyl acetylenes are commercially available, and are useful acetylene equivalents. 

 

 

Silyl chorides are suitable for smaller silyl groups, but the preparation of more hindered silyl 

acetylenes may require the use of the more reactive silyl triflate. 
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