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Alcohols, Phenols , Ethers And Thiols 

Lec:3 

The word alcohol refers to a class of compounds that contain an –OH 

group called a hydroxyl or hydroxyl group, bounded to an alkyl group. 

Alcohols can be viewed as organic analogues of water in which one 

hydrogen is replaced by an alkyl group. If one hydrogen is replaced by  an 

aryl  group , the compound is classed as a phenol. 

Replacing both hydrogens  by alkyl or aryl groups form as class of 

compounds called ethers.  
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                 1°Carbon atom 

 

      RCH2OH  

  Primary alcohol 

 

Classifying and Naming alcohols: 

Alcohols are classified according to their structure: 

1. primary alcohol: is a compound in which  

the hydroxyl group is bounded to a primary 

carbon.  

                                                                     

2. Secondary alcohol: the hydroxyl  

group is bounded to a secondary  

carbon.   

 

 

3. tertiary alcohol: the hydroxyl 

group Is bounded to a tertiary 

 carbon. 

 

Common names are often used for alcohols containing five or fewer carbon 

atoms. The name consists of two words. The first word is the name of the 

                                        

                                      H 

               R          C          R 

                         OH 

2°carbon atom  

Secondary alcohols 

                                        

                             H 

         R          C          R 

                   OH 

 

3° carbon atom  

Tertiary alcohol  
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alkyl group to which the hydroxyl group is bounded, and the second is the 

word alcohol.  

Physical properties  

1. Alcohols and phenols have boiling points considerably higher than those 

of alkanes, aromatic hydrocarbons or aryl halides of similar molecular 

weight. Due to the presence of a polar O-H bond that can form hydrogen 

bonds with neighboring molecules.  

2. Formation of hydrogen bonds with water will increase their solubility. 

That is why alcohols and ether are much more soluble in water than their 

corresponding alkanes, aromatic hydrocarbons, alkyl halides or aryl 

halides. 

3. Ethers do not have an electron-deficient hydrogen to form hydrogen 

bonds. Therefore, the boiling points of ethers are similar to those of  

alkanes of similar molecular weight.  

                                  PREPARING ALCOHOLS 
There are several ways to prepare alcohols in the laboratory. However 

below are only two methods that are similar to used for preparing alcohols 

in living systems.  

 

1. Hydration of alkenes 

                                       

CH3CH       CH2  +   HOH                     CH3CHCH2 
                                                              

                                                                                                             

H+ 
H 

OH 
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The addition of water to an alkene also occurs in living systems. Rather than 

use a strong acid catalyst, which would destroy the system, reactions in 

cells use enzymes, biological catalysts, that work efficiently at the 

temperature and pH of the cell. An example of a reactions the hydration of 

fumarate to malate  that is catalyzed by the enzyme fumarase. This is an 

important reaction in the citric acid cycle.  

 

  

                               + HOH  

 OH 

Fumarate                                                                   Malate 

 

2. Reduction of carbonyl compounds  

                                                                          H 

 

 

                     O 

R           C       +   H2                              R          C        OH 

       H 

                                                             H 

Aldehyde                                        1°Alcohol 

- 

- 

fumarase - 

- 

Pt 
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                                                                         H 

                     O 

R           C       +   H2                            R          C        OH 

     R 

                                                             R 

Ketone                                             2°Alcohol                                           

             Reactions of Alcohols 

1. Dehydration: alcohols react with sulfuric acid in three ways:  

a. In mild conditions : alkyl hydrogen sulfates are formed:  

 

      R-OH +   H2SO4              ROSO3H + H2O  

 
b. In more  vigorous conditions. Ether are formed: this is possible for 

primary alcohols, but secondary and tertiary alcohols will be 

readily converted to alkenes. 

                                 80°C                                        150°C    

R-OH +H2SO4                           ROSO3H +ROH                       R2O + H2SO4    

C. formation of alkenes: Alcohols react with concentrated sulfuric acid to 

eliminate a molecule of water. This dehydration is the reverse of the 

addition of water to alkenes to form alcohols. 

 

Pt 

80°C 
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                                        H                                                  R 

                                                   H2                   H2SO4   

                              R        C        C         OH                               C       CH2 +   H2O  

                                                                                             

                                        H                                                  H         

         

          

              In general, the ease of dehydration of alcohols is 

                             tertiary> secondary > primary. 

This order is shown by the following examples: 

                CH3                                  CH3            CH3 

                                 H2SO4                                                       reaction occurs at   

           CH3COH                                          C         +      H2O    room temperature  

                                    25C 

                CH3                                           CH2 

t- butyl alcohol  

                            

                           H2SO4 

CH3CHCH3                            CH2           CHCH3    +  H2O      reaction occurs at   

                             100C                                                         higher temperatures 

      OH                                                 

Isopropyl alcohol 

 

 

 

One of these 

two hydrogens 

are removed 
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                           H2SO4 

CH3CH2OH                                CH2           CH2   +    H2O         reaction occurs at 

150                                                             higher temperatures  

   Ethyl alcohol 

2. Ester formation : alcohols react with carboxylic acid in the presence of 

mineral acid catalysts to give esters  

                   O                                   O 

ROH  +      RC                                  RC            +     H2O                  

                             OH                                OR 

Alcohol       carboxylic acid                     Ester  

Alcohols also react with mineral acid form compounds that are called esters 

of inorganic acid. 

In these compounds the acidic hydrogen of the inorganic acids is replaced 

by an alkyl group.  

Alkyl phosphates are important in living systems because the phosphate 

group is a good leaving group. At the pH of living systems, the phosphate 

group is ionized.  

                   O                                            O                                                   O 

H       O       P     OH                 R     O      P     OH                      R       O       P         O 

                 OH                                         OH                                                  O 

     Phosphoric acid                Alkyl phosphate        ionized form in living system 

H+ 



8 
    A.Professor  Dr. Manal K. Rasheed 

 

                    O                                                                                 O 

  

R        O       P         O      +    H2O              ROH  +  H        O        P        O 

 

O -                                                                                                 O- 

      Alkyl phosphate                               Alcohol            hydrogen phosphate 

Oxidation: the products of oxidation of alcohols depend on the structure of 

the alcohol. 

a. Primary alcohols are first oxidized to Aldehydes, which are further oxidized 

to carboxylic acids.  

           H 

                          H                                      O                                         O 

R         C        O                       R        C                              R         C   

 

           H                                            H                                           OH 

Primary alcohol                       Aldehyde                          Carboxylic acid  

b. Secondary alcohols form ketons on oxidation,  

             H               

                              H                                            O 

R          C         O                               R         C 

 

             R                                                      R 

Secondary alcohol                                Ketone 
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c. Tertiary alcohols are not easily oxidized.  

 

                Oxidation of alcohols in living systems 
The oxidation of alcohols is an important reaction in living systems. Enzymes 

called dehydrogenase catalyze these reactions. 

Example: 

Oxidation of malate to oxaloacetate in the CAC. 

           COO -                                                        COO- 

                                       Dehydrogenase              

H          C           OH                                              C          O 

 

          CH2COO-                                                    CH2COO- 

         Malate                                                          Oxaloacetate 
 

 

 

 

                                    H                O O 

                                                                                                 H              H 

H      C                     COO-                                                            C 

         C       OH +                                    NH2                                                                                               NH2 

O2C                                                                          C             O +                                             + H2   

            CH2COO-                +     

                                                                                 CH2COO-                    + 

         Malate                                             Oxaloacetate 

                                          R                                                                   R 

         Enzyme bound nicotinamide                                    reduced enzyme bound nicotinamide 

N 

N 
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This reaction is very stereospesific. Only L-malate ion is oxidized. The other 

enantiomer, D-malate ion does not react with this enzyme. This is an 

example of the stereospesific of enzymes. 

“chiral reagent (enzyme) disitinguishes between chiral compounds”. Ethyl 

alcohol is oxidized by enzymes in the body to start the metabolic process. 

Alcohol dehydrogenase is the catalyst in the conversion of ethyl alcohol to 

acetaldehyde, a toxic substance.  

Cytochrome p-450, that is the oxidizing agent. Thus toxic acetaldehyde 

cannot accumulate in the body. 

One treatment for alcoholics to ensure a state of sobriety is based on the 

drug Antabuse. This drug complexes with cytochrome p-450, thus 

acetaldehyde cannot be converted to acetic acid, toxic acetaldehyde 

accumulates in the body of the patient, and he or she becomes violently ill. 

                                                                  O                                               O 
                           Alcohol dehydrogenase                               Cyochrome P-450 

CH3CH2OH                                         CH3C       H                                CH3C       OH 

 

Note that without Antabuse, innocuous acetic acid is produced. In the 

presence of Antabuse, acetic acid cannot form because cytochrome p-450 is 

complexed with the drug, and the complex does not catalyze the oxidation 

of acetaldehyde to acetic acid.            O                                        
                                                                                    Cytochrome p-450- 

CH3CH2OH     Alcohol dehydrogenase        CH3C        H  Antabuse  complex        No reaction  
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Lec:4 

Polyhydric Alcohols 
 

These are aliphatic compounds containing two or more hydroxyl groups.  

Examples: 

1. Ethylene-1, 2-diol (ethylene glycol). (CH2OH)2. 

It is a colorless, poisonous liquid, b.p.197°C, miscible with water (used as 

antifreeze). It reacts in most cases as a typical alcohol.  

2. Glycerol (propane-1,2,3-triol). HOCH2CH(OH)CH2OH. 

It is widely distributed in all living tissue. It is obtained by the hydrolysis of 

animal fats or plant oils, which are naturally occurring esters of glycerol and 

long chain carboxylic acids. 

It is a colorless, viscous liquid of sweet taste, b.p.290°, miscible in water 

 

PHENOLS 
 

Aromatic hydroxy compounds in which the hydroxy group is attached to an 

aromatic ring are called phenols. 

Properties of phenols. Simple phenols are liquids or low- melting solids, 

frequently with a very  characteristic odor, moderately soluble in water and 

very soluble in most organic solvents. Simple phenols are generally very 

toxic, some like phenol itself being absorbed through the skin with the 

production of severe burns.  
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Typical examples of phenols are:  

                                 OH                                    OH                                        OH 

  

 

                                                                          NO2                                                           CO2H 

      Phenol                           2- Nitrophenol                      Salicylic acid  

Phenols undergo electrophilic aromatic substitution reactions. The hydroxyl 

group is strongly activating and ortho-, para- directing. For example, phenol 

itself reacts with bromine without catalyst to form 2,4,6-tribromophenol: 

                                                                                     Br 

                                      OH                                                           OH 

                                            + Br2                                                                                 + 3HBr 

 

                                                                 Br                            Br 

                 Phenol                                   2,4,6-Tribromophenol 

Phenols differ from alcohols in important way:” they are much stronger 

acids than are alcohols”: 

 

                          OH                                                        O- 

 

                          + H2O                                                   + H3O+   Ka=1x10-10  

 

     Phenol                                               Phenol 
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                          OH                                                        O- 

 

                          + H2O                                                   + H3O+   Ka=1x10-16 

 

Cyclohexanol  

 

 

                          OH                                                        O-Na+ 

 

                          + NaOH                                                 + H2O 

 

     Phenol                                              sodium phenoxide   

 

                          OH                                                         

 

                          + NaOH                       No reaction                            

 

Cyclohexanol  

 

Phenol, or carbolic acid as it is sometimes called, has antiseptic properties 

in dilute solution. In fact, all phenolic compounds appear to have 

germicidal properties. Several commercial germicides contain phenols.  

Aromatic 1,2- and 1,4-dihydroxy compounds are phenol that undergo an 

important oxidation-reduction reaction. For example, hydroquinone is 



14 
    A.Professor  Dr. Manal K. Rasheed 

 

easily oxidized to quinine. This reaction is reversible, because quinine is 

easily reduced to hydroquinone: 

    OH                                                            O 

                                                

                                                              

                                 Oxidation   

                                                                                    + H+ + 2e- 

                                Reduction        

                                                                                                 

     OH                                                                    

 

 

                    OH                                                         O            

CH3O                                   CH 3             CH3O                                         CH3 

 

                                                                                                                 

                                                                                                                   + H+ +2e- 

 

                                                R        CH3O                                               R 

                       OH                                                             

                                                                                              R=(CH2CH=C(CH3)CH2)6H 

       Reduced form of Ubiquinone                    oxidized form of Ubiquinone 

O 

Hydroquinone Quinone 

CH3O 

  O 
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Hydroquinone and quinones are important in the respiratory systems of 

living systems. When hydroquinone is oxidized, it loses two electrons. In 

effect it transfers two electrons from itself to anther molecule. It is this 

property that makes hydroquinone are involved in transferring electrons to 

molecular oxygen in the respiratory system. One such compound is 

ubiquinone(also known as coenzyme Q). 

                                           AROMATIC ALCOHOLS 

Aromatic compounds, which contain a hydroxy group on a side chain, 

behave like typical alcohols. Typical examples of these compounds are: 

                                         CH2OH                                                                 CH2CH2OH 

 

                                                                                                               

 

   Benzyl alcohol                                                   2-Phenylethanol 

                              Ethers  

Ethers are compounds that containing oxygen atom bonded to two alkyl 

groups, two aryl groups or one aryl and one alkyl group.  

        The simpler ethers are usually known by their common names e.g. 

CH3CH2OCH2CH3 diethyl ether. 
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To name ethers by the IUPAC rules, the more complicated group attached 

to the oxygen is chosen as the parent. The other group and the oxygen are 

considered as subustituents on this chain for example:  

 

                                      CH3OCH2CH=CH2 

                         Substituent      Parent chain 

the Substituent  is named as a prefix and its name is constructed by 

replacing the-yl or the alkyl name of phenyl by –oxy. Example: 

                                              OCH2CHCH=CH2 

                                           OCH3    

                                     

 

                3-Methoxy-4-phenoxy-1-butene 

Chemically ethers are moderately inert. They do not react with reducing 

agents or bases under normal conditions. However, they extremely volatile 

and highly flammable (easily oxidized in air) . 

Ethers may be prepared by the dehydration reaction between two alcohol 

molecules. The reaction requires heat and acid: 

       ROH   +   R’OH                            ROR’ + H2O 

    Alcohol    Alcohol                      Ether        water 

      4    3   2     1 

H+ 
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Dithyl ether was the first anesthetic used. It functions as by interfering with 

the central nervous system. It functions by accumulating lipid material of 

the nerve cells, thereby interfering with nerve impulse transmission. This 

result in analgesia: a lessened perception of pain. 

Epoxides are special kinds of ethers. These compounds are special because 

they have a three member ring that contains an oxygen atom. They are far 

more reactive than typical ethers. 

One example of an epoxide in nature is squalene2,3-epoxide. This 

compound is formed in a series of reactions that leads to the biosynthesis 

of cholesterol: 

 

                                                                                                                                             

 

 

 

 

 

 

                                               Squalene 2,3-epoxide 
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                                                         Thiols 

 

Thiols are sulfur analogs of alcohols. The IUPAC names of thiols are formed by 

adding the suffix- thiol, and so forth to the name of the parent hydrocarbon. 

Common names are obtained by first naming the alkyl group followed by the 

word mercaptan. 

 

Thiols are more volatile than are the corresponding alcohols and have a 

very disagreeable odor. Various thiols are found in nature, e.g. 1-

propanethiol is released when an onion is peeled and thiols  are responsible 

for the odor of garlic.  

Thiols are highly reactive and are present in small quantities in living system 

where they play key roles: 

 

1. Thiols are involved in protein structure and conformation. It is the ability of 

two thiol groups to easy undergo oxidation to a disulfide bond (-S-S-) that is 

responsible for this involvement. Cysteine is an amino acid that contains a 

sulfhydryl group. Cysteine is found in many proteins and plays an important 

role in the conformation of the protein by forming disulfide bonds with 

other cysteine molecules within the protein. 
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           OH  

                                                                                                                        O           OH 

O         C                                     NH2                                    O 

       H2                     H2                                                                                                      

      CH     C     SH
+

 HS      C    CH                      HO                             S                  

 

NH2                                      C       O                              NH2 

 

                                        OH   

  Cysteine                            Cysteine                             Cystine       

     

Forming Disulfide Bonds 

Many extra cellular proteins contain disulfide cross-links (intracellular 

proteins almost never do). The cross-links can only be established after the 

protein has folded up into the correct shape. 

                                                                                                                

 

 

Oxidation  

Reduction 

S 

NH2 
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2. BAL (British Anti-Lewisite) is used as an antidote for mercury poisoning. 

The two thiol groups of BAL complex with mercury and remove it from the 

system before it can do any damage. 

 

                                                  H 

                                   H2C        C       CH2 

 

                                     OH      SH      SH 

 

                                                BAL 

 

3. Coenzyme A is a thiol that serves as a “carrier” of acetyl groups (CH3CO-) 

in biochemical reactions. It plays a central role in metabolism by shuttling 

acetyl groups from one reaction to another. Coenzyme A is made up of 

the nucleotide ADP, the vitamin pantothenic acid, and the thiol- 

containing  β-mercaptoethyl  amine group. when the two-carbon acetate 

group is attached to the coenzyme A, the product is acetyl coenzyme A 

(acetyl CoA). The bond between coenzyme A and the acetyl group is a 

high- energy thioester bond. it can release a great deal of energy when 

the bond is broken an thus the acetyl group can participate in other 

biochemical reactions.  

                      

 


