Key Concepts

4.1 Organic chemistry is the study of carbon
compounds

4.2 Carbon atoms can form diverse molecules
by bonding to four other atoms

4.3 Functional groups are the parts of mole-
cules involved in chemical reactions
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Chapter Review

4.1 Organic chemistry is the study of carbon
compounds

Organic chemistry is the study of carbon-containing
molecules. Early organic chemists could not synthesize
the complex molecules found in living organisms and,
therefore, attributed the existence of life and the for-

mation of these molecules to a life force independent of
physical and chemical laws, a belief known as vitalism.
Mechanism, the philosophy underlying modern or-
ganic chemistry, holds that physical and chemical laws
and explanations are sufficient to account for all natu-
ral phenomena, even the origin of life.

4.2 Carbon atoms can form diverse
molecules by bonding to four other
atoms

Formation of Bonds with Carbon Carbon has six
electrons. To complete its valence shell, carbon forms
four covalent bonds with other atoms. This tetrava-
lence is at the center of carbon’s ability to form large
and complex molecules with characteristic three-
dimensional shapes and properties. When carbon
forms four single covalent bonds, its hybrid orbitals
create a tetrahedral shape. When two carbons are
joined by a double bond, the other carbon bonds are in
the same plane, forming a flat molecule.

Molecular Diversity Arising from Carbon Skeleton
Variation Carbon atoms readily bond with each
other, producing chains or rings of carbon atoms.
These molecular backbones can vary in length, branch-
ing, placement of double bonds, and location of atoms
of other elements. The simplest organic molecules are
hydrocarbons, consisting of only carbon and hydro-
gen. The nonpolar C—H bonds in hydrocarbon chains
account for their hydrophobic properties.

Isomers are compounds with the same molecular
formula but different structural arrangements and,
thus, different properties. Structural isomers differ in
the covalent arrangement of atoms and often in the lo-
cation of double bonds. Geometric isomers have the
same sequence of covalently bonded atoms but differ
in spatial arrangement due to the inflexibility of dou-
ble bonds. A cis isomer has non-hydrogen atoms at-
tached to double-bonded carbons on the same side of
the double bond; a trans isomer has these atoms on
opposite sides of the double bond. Enantiomers are
left- and right-handed versions of each other and can
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22 Unit One: The Chemistry of Life

differ greatly in their biological activity. An asymmet-
ric carbon is one that is covalently bonded to four dif-
ferent kinds of atoms or groups of atoms. Due to the
tetrahedral shape of the asymmetric carbon, the four
groups can be attached in spatial arrangements that
are not superimposable on each other.

® INTERACTIVE QUESTION 4.1

Identify the structural isomers, geometric isomers, and
enantiomers from the following compounds. Which of
the geometric isomers is the cis isomer?

COOH HH
HyC— (IZ- H H—(IZ—(IZ—OH
bn B
L-lactic acid ethanol
(0]
COOH H—C—(Il,—OH
o v (ll —CH; HO- C—CI!—H
on 8

D-lactic acid fumaric acid

O
H H FieC (I!—OH
H—CI— O—é—H H—g— C-OH
b :
dimethyl ether maleic acid
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4.3 Functional groups are the parts
of molecules involved in chemical
reactions

The Functional Groups Most Important in the Chem-
istry of Life The properties of organic molecules are
largely determined by groups of atoms, known as
functional groups, that bond to the carbon skeleton
and behave consistently from one carbon-based mole-
cule to another. Because the functional groups consid-
ered here are hydrophilic, they increase the solubility
of organic compounds in water.

The hydroxyl group consists of an oxygen and hydro-
gen (—OH) covalently bonded to the carbon skeleton.
Organic molecules with hydroxyl groups are called alco-
hols, and their names often end in -ol.

Carbonyl groups consist of a carbon double-bonded
to an oxygen ( =CO). If the carbonyl group is at the end
of the carbon skeleton, the compound is called an alde-
hyde. Otherwise, the compound is called a ketone.

A carboxyl group consists of a carbon double-
bonded to an oxygen and also attached to a hydroxyl
group (—COOH). Compounds with a carboxyl group
are called carboxylic acids or organic acids because
they tend to dissociate to release H", becoming —COO™.

An amino group consists of a nitrogen atom bonded
to two hydrogens (—NH),) and to the carbon skeleton.
Compounds with an amino group, called amines, can
act as bases. The nitrogen, with its pair of unshared elec-
trons, can attract a hydrogen ion, becoming —NH;".

The sulfhydryl group consists of a sulfur atom
bonded to a hydrogen (—SH). Thiols are compounds
containing sulfhydryl groups.

A phosphate group is bonded to the carbon skeleton
by an oxygen attached to PO5>~, a phosphorus atom that
is bonded to three other oxygen atoms (—OPO,* ). It is
an ionized form of a phosphoric acid group (—PO3;H5).
Compounds containing phosphate groups are called
organic phosphates. The group is an anion due to the
dissociation of hydrogen ions.

The chemical elements of life: a review

Carbon, oxygen, hydrogen, nitrogen, and smaller quan-
tities of sulfur and phosphorus, all capable of forming
strong covalent bonds, are combined into the complex
organic molecules of living matter. The versatility of car-
bon in forming four covalent bonds, linking readily
with itself to produce chains and rings, and binding
with other elements and functional groups makes possi-
ble the incredible diversity of organic molecules.

hydro- = water (hydrocarbon: an organic molecule con-
sisting only of carbon and hydrogen)

iso- = equal (isomer: one of several organic compounds
with the same molecular formula but different
structures and, therefore, different properties)

enanti- = opposite (enantiomer: molecules that are mir-
ror images of each other)

carb- = coal (carboxyl group: a functional group pres-
ent in organic acids, consisting of a carbon atom
double-bonded to an oxygen atom and a hydroxyl
group)

sulf- = sulfur (sulfhydryl group: a functional group that
consists of a sulfur atom bonded to an atom of
hydrogen)

thio- = sulfur (thiol: organic compounds containing
sulfhydryl groups)



Structure Your Knowledge

1. Construct a concept map that illustrates your un-
derstanding of the characteristics and significance
of the three types of isomers. A suggested map is in
the answer section. Comparing and discussing your
map with that of a study partner would be most helpful.

2. Fill in the following table on the functional groups.

Names and Characteristics
Functional | Molecular of Organic Compounds
Group Formula | Containing Functional Group

—OH

Aldehyde or ketone; polar

Sroup
Carboxyl
—NH,
Thiols; cross-links stabilize
protein structure
Phosphate

Test Your Knowledge

MULTIPLE CHOICE: Choose the one best answer.

1. The tetravalence of carbon most directly results
from

a. its tetrahedral shape.
b. its very slight electronegativity.

c. its four electrons in the valence shell that can
form four covalent bonds.

d. its ability to form single, double, and triple bonds.

e. its ability to form chains and rings of carbon
atoms.

Hydrocarbons are not soluble in water because

a. they are hydrophilic.

b. the C—H bond is nonpolar.

c. they do not ionize.
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d. they store energy in the many C—H bonds along
the carbon backbone.

e. they are lighter than water.

. Which of the following is not true of an asymmet-

ric carbon atom?
a. Itis attached to four different atoms or groups.

b. It results in right- and left-handed versions of a
molecule.

c. It can be a part of enantiomers.

d. Its configuration is in the shape of a tetrahe-
dron.

e. It can be a part of geometric isomers.

. A reductionist approach to considering the struc-

ture and function of organic molecules would be
based on

a. mechanism.
b. holism.

c. determinism.
d. vitalism.

e. evolution.

. The functional group that can cause an organic

molecule to act as a base is
a. —COOH. c. —SH.
b. —OH. d. —NH,.

€. —OPO32_ .

. The functional group that confers acidic properties

to organic molecules is
a. —COOH. c¢. —SH.
b. —OH. d. —NHo,.

e. ZC=0.

. Which is not true about structural isomers?

a. They have different chemical properties.

b. They have the same molecular formula.

c. Their atoms and bonds are arranged in different
sequences.

d. They are a result of restricted movement around
a carbon double bond.

e. Their possible numbers increase as carbon skele-
tons increase in size.

. The fats stored in your body consist mostly of

a. amino acids.
. alcohols.
carboxylic acids.
. hydrocarbons.
. organic phosphates.
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9. How many asymmetric carbons are there in the
sugar ribose?
a. 1l

i3 e. 5
b.2 d 4

MATCHING: Match the formulas (a—f) to the terms at the
right. Choices may be used more than once; more than one
right choice may be available.
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structural isomers

geometric isomers

can have enantiomers
carboxylic acid

can make cross-link in protein
hydrophilic

hydrocarbon

amino acid

organic phosphate

aldehyde

amine

. ketone



