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17.8: PROTECTION OF ALCOHOLS

After completing this section, you should be able to

1. explain what is meant by “protecting” a functional group during an organic synthesis.
2. describe one common method for protecting the hydroxy group of an alcohol, and give an example of its use (e.g., in the

preparation of a Grignard reagent).

Often during the synthesis of complex molecules one functional group in a molecule interferes with an intended reaction on a second
functional group on the same molecule. An excellent example is the fact that a Grignard reagent can't be prepared from halo alcohol because
the C-Mg bond is not compatible with the acidic -OH group.

CH2CH2 BrHO
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CH2CH2 MgBrHO

Not Formed
Ether

Acidic Hydrogen

When situations like this occurs chemists circumvent the problem by changing the interfering functional group into one that does not
interfere with the intended reaction. Chemists call this process protection of a functional group. Functional group protection involves three
steps:
1. Blocking the interfering functionality by introducing a protecting group.
2. Performing the intended reaction.
3. Removing the protecting group and reforming the original functional group.

PROTECTING ALCOHOLS THROUGH THE FORMATION OF TRIALKYLSILYL ETHERS
There are several methods for protecting an alcohol, however, the most common is the reaction with a chlorotrialkylsilane, Cl-SiR  This
reactions forms a trialkylsilyl ether, R'O-SiR . One of the most common reagents is chlorotrimethylsilane [(CH ) SiCl] which is often used
in conjunction with a base, such as triethylamine. The base helps to form the alkoxide anion and remove the HCl produced by the reaction.
The produced trimethylsilyl ether is commonly abbreviated -OTMS. This silyl ether no longer has the fairly acidic OH proton as the alcohol
group has been changed (protected).
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Notice this reaction occurs through an S 2-like mechanism with the alcohol attacking a trialkyl-substitued silicon atom. Normally, an S 2
reaction would not be viable for the analogous tert-butyl chloride due to the steric hindrance of the tertiary electrophilic carbon. Being a
third-row atom, silicon is larger and forms longer bonds that carbon. The Si-C bonds of chlorotrimethylsilane are 195 pm compared to the
154 pm C-C bonds or tert-butylchloride. The three methyl groups attached to silicon are more spread out and offer less steric hindrance so
the S 2-like reaction can occur.

DEPROTECTION
Trimethylsilyl ethers, like most other ethers, are relatively unreactive towards many reagents such as oxidizing agents, reducing agents, or
Grignard reagents. However, the TMS ether protecting group can be removed by reaction with an aqueous acid or the fluoride ion (F ) to
regenerate the alcohol. Common sources of the fluoride ion are lithium fluoride (LiF) and tetrabutylammoniumfluoride (TBAF)
[(CH CH CH CH ) NF]. This step is commonly referred to as a deprotection.

O
Si CH3

CH3H3C

OHH3O+

+ (CH3)3SiOH

O
Si CH3

CH3H3C

OH + (CH3)3SiF1) TBAF

2) H2O

UTILIZING A PROTECTING GROUP FOR A GRIGNARD REACTION
The problem posed at the beginning of this section can be solved through the use of a TMS protecting group. Once the alcohol is converted
into a TMS ether the acidic hydrogen will no longer be present and a Grignard reagent can be formed.
1) Protection of the Alcohol
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2) Form the Grignard Reagent

(CH3)3SiOCH2CH2Br
Mg

Ether
(CH3)3SiOCH2CH2MgBr

3) Perform the Grignard Reaction

(CH3)3SiOCH2CH2MgBr
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4) Deprotection
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EXERCISES

Propose a multiple-step synthesis to transform 4-bromo-1-butanol into 2-methylhexane-2,6-diol.

Answer
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