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Lec:6                              Organic Halides 

Compounds that contain one or more halogen atoms in addition to carbon 

and hydrogen are called organic halides. Although organic halides are 

extremely useful, their continued use presents a pollution hazard. 

Occurrence 

 In nature 

- Thyroxin and triiodothyronine are secreted by the thyroid gland to 

influence the rate of metabolic activity of particularly every tissue in the 

body.                                           
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- Tyrian purple is obtained from sea snails. 
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- Chloramphenicol and chlortetracycline are by certain Streptomycetes  

  Produced in the lab  

- Dry-cleaners: 

 

1. Carbon tetrachloride, CCl4         Cl                               Cl 

2. Trichloroethylene,                                  C           C 

                                                       H                                CL    

                                                        

                                                                                                        and 

3. Tetrachloroethylene, are used to dry-clean fabrics 

                                            

                                                        Cl                               Cl 

                                                                        C           C 

                                                       Cl                              Cl 

- Anesthetics: 

1. Chloroform CHCl3 was used for many years as a general anesthetic 

for surgery. It is no longer used for this purpose because prolonged 

exposure to the vapor of most organic chlorides results in extensive 

liver damage. 

2. Ethyl chloride CH3CH2Cl is a fast-acting local anesthetic. It is a gas at 

room temperature unless kept under pressure. When sprayed on the  
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Skin, it evaporates and cools the skin and the nerve endings. 

3. Halothane CHClBrCF3, when inhaled is an anesthetic. Its chief 

advantage over other anesthetics such as ether is that it is 

nonflammable and nonexclusive. 

Propellants and refrigerants  

1. Freon-11   CCl3F.      both are nontoxic, nonflammable 

2. Freon-12   CCl3F2 .     odorless, and noncorrosive 

- Polymers 

1. Teflon  

2. Polyvinyl chloride (PVC)      (CH2=CCL2) 

 

- Insecticides 

1. DDT(1,1,1-trichloro-2-bis(4-chlorophenyl)ethane) 

2. Perthane  

3. Chlordane 

 

Hazards 
1. The insecticides are invaluable in controlling many diseases that are 

carried by insects. But after several years of use, the insects develop 

resistance to the insecticide. As a result, larger and larger amounts of 

insecticides must be used to produce the desired effect, but in larger 

amounts these compounds are toxic to animals and humans.  

2. The use of organic halides as propellants in aerosol containers poses a 

potential environmental hazard. These compounds are lighter than air 

and tend to concentrate many miles above the surface of earth. At high 
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altitude they undergo a reaction catalyzed by sunlight that some 

scientists fear will deplete the atmosphere of its protective ozone layer. 

If this occurs more UV light will strike the surface of the earth with 

various consequences for all life. 

 

Physical Properties  

1. Alkyl halides containing one or two carbon atoms are either gases or 

liquids with low boiling points. 

2. Organic halides are insoluble in water but soluble in organic  solvents. 

3. Because the masses of the halogen atoms are much greater than that 

of hydrogen, the halogenated hydrocarbons are more dense than the  

Corresponding saturated hydrocarbon. They are often more dense than 

water. 

Classifying organic halides  

1. Primary (1°)alkyl halides  

 

                                            CH2Cl              CH3 

                                               

CH3CH2Br                                          H3C        C         CH2I   

 

                                                                          CH3    

2. Secondary (2°) alkyl halides  
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       CH3                                                                                CH2CH3 

                                                                              H 

    H          C        Cl                                                                 C               Br 

 

                CH3                 

                       

 

                            Secondary carbon atom 

3. Tertiary (3°) alkyl halides  
       CH3                                                                                CH3 

                                                                                    Br 

H3C        C         Cl 

  CH3 

 

 

Chemical properties 

1. Substitutions of  alkyl halides : 

The reaction involves substituting another atom or group for the 

halogen. This type of reaction is also called a displacement reaction. 

Examples: 

All these reaction are similar in the type of reagent that displaces the 

halogen.  

                Tertiary carbon atom 
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    CH3O-  +  CH3-X                         CH3OCH3 + X- 

    HS-       +  CH3-X                         CH3SH  + X- 

   CN-       + CH3-X          CH3CN  +X- 

   N3
-        +  CH3-X                         CH3N3 +X- 

   NH3      +    CH3-X                       CH3N+H3 +X- 

  CH3NH2  +  CH3-X                        CH3N+H2CH3 +X- 

 

Such reagents seek a positive charge or a nucleus, and they are classified as 

nucleuphiles. Because the halogen is displaced it is called the leaving group. 

Neucleophilic substitution reactions occur most readily with primary alkyl 

halides.  

 

                                                          S+           S- 

Nucleuphile bonds here               C               Cl              clorine atom departs as  

                                                                                               Chloride ion 

 

2. Elimination reactions of alkyl halides : 

Alkyl halides react with bases to form alkenes by the elimination of a 

molecule of hydrogen halide. This reaction is called an elimination 

reaction  

              CH3 

                                                            CH3 

 CH3       C         Cl     + OH-                                C=CH2 + H2O +Cl 

                                                     CH3 

       CH2        H 

: 
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Substitution and elimination reactions in living systems. 

1. The most important leaving groups in biological systems are the 

phosphates PO4
-2   pyrophosphates P2O6

-3  , the sulphonium ion –S+R2, and 

the quaternary ammonium ion-N+R3. 

Methylation is one of the more common reactions in living systems. It 

involves the transfer of a methyl group from one molecule to another. 

This is done by a compounds called S-adenosylmethionine as the methyl 

carrier.  

2. All living systems have a way of getting rid of toxic compounds. 

Unfortunately most of the methods of disposal cannot handle water-

insoluble compounds that contain halogens. Some living systems solve 

this problem by replacing the halogen atoms by an –OH group. This 

increases the water solubitity of molecule and allows the system to 

dispose of it. 

 

                                    CO2
-                      CO2

- 

                          

[enzyme-OH]-  +  H2C     Cl           H2C       OH   +  Cl- + Enzyme  

(substitution reaction) 

3. Certain living systems can also remove toxic chlorinated compounds by 

eliminating hydrogen chloride (HCl) from the molecule. (elimination 

reaction). 
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4. Other example of elimination reactions are enzyme-catalyzed 

dehydrations, which are the reverse of the enzyme- catalyzed hydration 

reactions. Examplee are: 

 

- Malate                        Fumarate 

 

- Citrate                      Isocitrate 

 

 

5. Reaction of alkyl halides with many meatals can for organometalic 

compounds. such as heme (which contains an iron atom). Hem is 

involved in caring oxygen in the respiratory chain.  
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Hemiacetal 

A hemiacetal is a compound which contains both an alcohol         H 

and an ether functional group on the same carbon atom  

where R and R’ are any alkyl groups.                                          R       C        O         R’                                                     

 

                                                                                                                    OH 

A hemiacetal can react with an alcohol under acidic conditions to form an 

acetal, and can dissociate to form an aldehyde and an alcohol. 

Hemiacetals can be converted acetals: 

 Hemiacetal + alcohol +acid(catalyst)            acetal + water 

An aldehyde dissolved in water exists in equilibrium with low concentrations 

of  its hydrate, R-CH(OH)2. Similarly, in excess alcohol, the aldehyde, its 

hemiacetal, and its acetal all exist in solution. 

 

Hemiacetal results from addition of the alcohol’s hydroxyl group to the 

carbon in the C=O bond. A cetals are products of substitution reactions 

catalyzed by acid. The presence of acid improves the leaving capacity of the 

hydroxyl group and enables its substitution with an alkoxyl group (-OR). The 

conversion of a hemiacetal to an acetal is an SN1 reaction. 

 Ketones give hemiketals and ketals. These do not form as readily as 

hemiacetals and acetals. To increase yields of ketals or actals water formed 

during the reaction can be removed. 
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Hemiacetal and hemiketals are generally unstable compounds. In some cases 

however, stable cyclic hemiacetals and hemiketals can be readily formed. 

Glucose and many other sugars, for example, exist as a cyclic hemiacetals. 

Monosaccharides exist predominantly as cyclic hemiacetals, referred to as 

pyranose (6-membered ring) and furanose (5-membered ring) forms. The 

anomeric carbon (a dark circle), represents the hemiacetal carbon atom. 

  

 

 

 

 

 

 

Boat                                                                                                

   

Acetal  

An acetal is a molecule with two single bonded oxygens  attached to the       

 same carbon atom.                                                                          H      

Pyranose form  Furanose form 
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                                                                                                  R          C        O         R’ 

 O       R’’ 

                                                                                                                

Traditional usages distinguish ketal from acetals, where the acetal has one R 

group as H-. current accepted terminology classifies ketals as a subset of 

acetals. For engineering applications, “actal” is shorthand for the plastic 

polyoxymethylene, which is a polyacetal. 

Formation of an acteal occurs when the hydroxyl group of a hemiacetal 

becomes protonated and is lost as water. The oxonium ion that is produced 

is then rapidly attacked by a molecule of alcohol. Loss of the proton from the 

attached alcohol gives the acetal. Acetals are stable compared to 

hemiacetals but their formation is reversible as with esters. As a reaction to 

create an acetal proceeds, water must be removed from the reaction 

mixture or it will hydrolyse the product. The formation of acetals reduces 

the total number of molecules present and therefore is not favourable with 

regards to entropy. A way to improve this is to use an orthoester as a source 

of alcohol. Aldehydes and ketones undergo a process called acetal exchange 

with orthoesters to give acetals. Water produced along with the acetal 

product is used up in hydrolyzing the orthoester and producing more alcohol 

to be used in the reaction.  

 Hemiacetal + alcohol +acid(catalyst)            acetal + water 



 
 

12 
A.professor Dr. Manal K. Rasheed 

Acetals are important in nature, for example in solution the most stable 

form of glucose is its cyclic hemiacetal and maltose is an acetal made from 

two glucose units. 

Acetals are sometimes used as protecting groups for carbonyl groups in 

organic synthesis as they are stable with respect to hydrolysis bases. 

 

 

Ketal 

A Ketal is a functional group or molecule containing the functional group of a 

carbon bonded to two-OALKYL groups. It is essentially equivalent to an 

acetal, and often the term acetal is used instead. The difference derives form 

the reaction which created the molecule. acetals traditionally derive form the 

product of the reaction of an aldehyde with excess of alcohol, whereas the 

name ketal derives from the product of an aldehyde with excess of alcohol. 

Although this trem had been abandoned, it has been reinstated by IUPAC as a 

subclass of acetals. Ketals have the general form: 

   

                   R’ 

         R        C       O R” 

                   O 

                   R” 
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Ketals and acetals can, under acid conditions, be converted back into a 

hemicetal and an alcohol, as the entire reaction is an equilibrium.  

 

 

                                               


