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Chapter 2: Classes of Organic Compounds 
❑ The purpose of this chapter is to review the kinds and structures of the common classes 

of organic compounds, and briefly to explore their chemical and physical properties 
and their nomenclature.

▪ A patient is brought to the preoperative area for a planned total shoulder replacement. 
▪ As part of the anesthetic, the certified registered nurse anesthetist (CRNA) decides to perform an 

interscalene block for postoperative pain control.
▪ When reviewing the patient history, the CRNA discovers that the patient reports an allergy to 

procaine.
▪ When interviewed, the patient reports that with the use of procaine, she experienced respiratory 

arrest, denoting a true allergy versus a drug reaction.

➢ Can the CRNA still perform an interscalene block? What local anesthetics should be avoided?

➢ Local anesthetics exist in two classes: esters and amides. 
1. An ester anesthetic (benzocaine, procaine, and tetracaine) are more likely to lead to allergic 

reaction and toxicity.
2. One of the amide anesthetics (bupivacaine, etidocaine, lidocaine, mepivacaine, ropivacaine, 

prilocaine) is recommended for use in a patient with a history of allergy to an ester local 
anesthetic.

▪ In this case, the CRNA performs an interscalene block with 25 mL of 0.25% bupivacaine and the 
patient experiences 18 hours of postoperative pain control.
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2.1 Introduction

❑ Organic compounds are based on carbon. 

❑ Carbon merits its own branch of chemistry because it is nearly 
unique in its ability to form bonds to other carbon atoms, 
including straight-chained, branched-chained, and cyclic 
structures.

❑ Carbon also forms stable covalent bonds with many other 
elements, including hydrogen, oxygen, nitrogen, phosphorus, and 
sulfur. Because of this versatility in bonding, carbon-based 
compounds exhibit isomerism.
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➢ Molecular formula: show the number of each type of atom in a molecule 

like C2H6O

➢ Structural formula: show how the atoms in a molecule are bonded to each 

other

➢ Constitutional isomers share the same molecular formula but have different 
connectivity of atoms and different physical properties.

Molecular formula, Structural formula and Constitutional isomers 

Colorless gas used as an 

aerosol spray propellant

Clear liquid, commonly 

referred to as “alcohol,” found 

in alcoholic beverages.

2.1 Introduction
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2.2 Identifying Functional Groups: definition and

structural features

❑ A functional group is defined as an atom or a group of atoms/bonds that effectively 

determines the chemical properties of an organic compound.

❑ The chemistry of every organic compound is determined by the functional groups 

present in the compound. For example, compounds with carbon-carbon double bonds 

are classified as alkenes, while compounds possessing an OH group are classified as 

alcohols.

❑ Organic compounds are commonly classified and named based on the type of 

functional group present.
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Examples of common functional groups
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Examples of common functional groups
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Examples of common functional groups
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Examples of common functional groups
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2.2 Identifying Functional Groups: definition and

structural features
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Lead compound
Lead modification

Heroin exhibits stronger 
activity than morphine

Codeine shows less 
activity than morphine

Epibatidine was found to be an analgesic that is 200 times more potent than morphine
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2.3 Hydrocarbons

❑ Organic compounds are divided into two main classes: hydrocarbons and 

hydrocarbon derivatives.

❑ Hydrocarbons are organic compounds that contain only C and H atoms. The three

main groups of hydrocarbons are:

1. Saturated hydrocarbons: hydrocarbons with only single bonds between the carbon 

atoms or lack π bonds are called saturated hydrocarbons or alkanes.

2. Unsaturated hydrocarbons: hydrocarbons that contain double or triple bonds 

between carbon atoms. (Alkenes & Alkynes)

3. Aromatic hydrocarbons (arenes): hydrocarbons that contain a benzene ring (a six-

membered ring of carbon atoms with alternating single and double carbon-carbon 

bonds).

➢ The saturated and unsaturated hydrocarbons are often  referred to as the aliphatic 
(open chain and cyclic) hydrocarbons.

➢ The system of rules for naming compounds is called nomenclature.
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2.3 Hydrocarbons
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Heterocyclic compounds

❑ Compounds without rings are acyclic

❑ Compound with rings are cyclic.

❑ Other atoms may be found in some rings.

❑ Atoms other than carbon within rings are heteroatoms, and the compounds are 

heterocyclic.
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2.4 Alkanes, cycloalkanes and their derivatives

Nomenclature of Alkanes & Cycloalkanes

❑ In chemical nomenclature, the IUPAC nomenclature of organic chemistry is 

a systematic method of naming organic chemical compounds as 

recommended by the International Union of Pure and Applied 

Chemistry (IUPAC).

Four steps are required when assigning the name of an alkane:

2.4.1  Alkanes, cycloalkanes 
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Nomenclature of Alkanes & Cycloalkanes

Parent Names for Alkanes Parent + ane = Name of alkane
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Nomenclature of Alkanes & Cycloalkanes

Alkanes containing a ring are called cycloalkanes

Parent Names for Cycloalkanes Cyclo + alkane = Name of Cyclalkane
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Nomenclature of Alkanes & Cycloalkanes

Identify and name the substituents: 
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Nomenclature of Alkanes & Cycloalkanes

Cycloalkanes substituent
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Nomenclature of Alkanes & Cycloalkanes
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Nomenclature of Alkanes & Cycloalkanes

H.W. Draw a bond-line drawing for each of the following compounds:

(a) 4-Ethyl-2-methylhexane
(b) 1,1,2,2-Tetramethylcyclopropane
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Physical Properties of Alkanes

1. Solubilities of Alkanes: Alkanes are nonpolar, so they dissolve in nonpolar or weakly
polar organic solvents. Alkanes are said to be hydrophobic (“water hating”) because
they do not dissolve in water. Alkanes are good lubricants and preservatives for metals
because they keep water from reaching the metal surface and causing corrosion.

2. Densities of Alkanes: Alkanes have densities around 0.7 g/mL, compared with a density
of 1.0 g/mL for water. Because alkanes are less dense than water and insoluble in water,
a mixture of an alkane (such as gasoline or oil) and water quickly separates into two
phases, with the alkane on top.

3. Boiling and melting points
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The boiling points of alkanes increase steadily with increasing
molecular weights, as shown in the below table. Alkanes from
methane to butane are gases at room temperature.

Cycloalkenes are nonpolar molecules like alkanes. As a result, they tend to have low 
melting and boiling points compared with other functional groups.
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Sources of alkanes and cycloalkanes

▪ The main source of alkanes is petroleum” Petroleum is a complex mixture of 
hundreds of hydrocarbons, most of which are alkanes (ranging in size and 
constitution). It also contains small amounts of oxygen-, nitrogen-, and sulfur-
containing compounds.

▪ These compounds are separated into fractions via distillation (separation 
based on differences in boiling points). The process of separating crude oil 
(petroleum) into commercially available products is called refining.

▪ Cycloalkanes of ring sizes ranging from three to 30 are found in nature. 
Compounds containing five-membered rings (cyclopentane) and sixmembered
rings (cyclohexane) are especially common.
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Conformation of alkanes & Cycloalkanes

A flexible molecule is one that can adopt many different shapes, or 
conformations. The study of the three-dimensional shapes of molecules is called 
conformational analysis.
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Conformation of alkanes & Cycloalkanes
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Conformation of alkanes & Cycloalkanes

❑ There are two very important drawing styles that show conformations and give us 

the power to predict what conformations are available to different types of 

molecules: 

Dr. Swara J. Mohammed / Cihan University Sulaimaniya / College of Health Sciences/ Department of Anesthesia



Conformation of alkanes & Cycloalkanes

34Dr. Swara J. Mohammed / Cihan University Sulaimaniya / College of Health Sciences/ Department of Anesthesia



35Dr. Swara J. Mohammed / Cihan University Sulaimaniya / College of Health Sciences/ Department of Anesthesia



36

2.5 Alkyl halides

❑ Alkyl halides (haloalkanes) are a class of compounds where a halogen atom or atoms are 
attached to a tetrahedral carbon (sp3) atom.

❑ The functional group is X, where X may be F, Cl, Br or I. Two simple members of this class 
are methyl chloride (CH3Cl) and ethyl chloride (CH3CH2Cl).

❑ Based on the number of alkyl groups attached to the C-X unit, alkyl halides are classed as 
primary (1), secondary (2) or tertiary (3).

❑ A geminal (gem)-dihalide has two halogen atoms on the same carbon, and a vicinal (vic)-
dihalide has halogen atoms on adjacent carbon atoms.
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Naming Halogenated Organic Compounds

❑ There are two ways to name halogenated organic compounds.

1. The systematic name treats the compound as a haloalkane.
2. The common name treats the compound as an alkyl halide

or an organohalide.

❑ Halogens are simply treated as substituents and 
receive the following names: fluoro-, chloro-, 
bromo-, and iodo-. Below are two examples:

❑ The parent is the longest chain, and it should be 
numbered so that the first substituent receives 
the lower number:
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Naming Halogenated Organic Compounds
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Physical properties of alkyl halides

❑ Alkyl halides have considerably higher melting and boiling points compared 
with analogous alkanes.

❑ The boiling points also increase with increasing atomic weight of the halogen 
atom. Thus, alkyl fluoride has the lowest boiling point and alkyl iodide has the 
highest boiling point.

❑ Alkyl halides are insoluble in water as they are unable to form hydrogen bonds, 
but are soluble in nonpolar solvents, e.g. ether and chloroform.
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Preparation of alkyl halides
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Reactions of alkyl halides

❑ Alkyl halides commonly undergo two general types of reactions.

➢ Nucleophilic substitution reaction

➢ Elimination reaction
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Reactions of alkyl halides

➢ Organohalides as Synthetic Precursors
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2. 6 Alcohols

❑ Alcohols are compounds that possess a hydroxyl group (OH) and 
are characterized by names ending in “ol”:

❑ A vast number of naturally occurring compounds contain the hydroxyl group.

❑ The simplest and most common alcohols are methyl alcohol (CH3OH) and ethyl alcohol 
(CH3CH2OH).

❑ Phenol is a special kind of alcohol. It is comprised of a hydroxyl group 
attached directly to a phenyl ring. 
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Nomenclature of Alcohols

Alkohols are named much like alkanes, with the following additional rules:

❑ The suffix “e” is replaced with “ol.” to 

indicate the presence of a hydroxyl group:

❑ When choosing the parent of an alcohol, 

identify the longest chain that includes the 

carbon atom connected to the hydroxyl group.

❑ The hydroxyl group should receive the 

lowest number possible, despite the 

presence of alkyl substituents or π bonds..

❑ The position of the hydroxyl group is 

indicated using a locant.

-------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------

❑ When a chirality center is present, the 

configuration must be indicated at the 

beginning of the name; for example:

-------------------------------------------------------------------------------------------------------------------------

CnH2n + 2 + O
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Nomenclature of Alcohols

❑ Cyclic alcohols are numbered starting at the 
position bearing the hydroxyl group, so there 
is no need to indicate the position of the 
hydroxyl group; it is understood to be at C–1.

❑ IUPAC nomenclature recognizes 
the common names of many 
alcohols, such as the following 
three examples:

❑ Alcohols are also designated as primary, secondary, or tertiary, depending on the 
number of alkyl groups attached directly to the alpha (α) position (the carbon atom 
bearing the hydroxyl group).
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Nomenclature of Alcohols
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Physical properties of alcohols

❑ All alcohols possess a hydrophilic region and a hydrophobic region. Small alcohols 
(methanol, ethanol, propanol) are miscible with water. A substance is said to be soluble
in water when only a certain volume of the substance will dissolve in a specified 
amount of water at room temperature. Butanol is soluble in water.

❑ High boiling points due to hydrogen bonding between molecules.
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Preparation of alcohols

❑ Alcohols can be prepared conveniently from the hydration of alkenes
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Reactions of alcohols
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