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Chapter 14

Medicinal Chemistry
THE MAIN IDEA

Medicines are like keys that unlock 
various biological responses.

14.1 Medicines Improve Health
14.2 The Lock-and-Key Model
14.3 Chemotherapy
14.4 The Nervous System 
14.5 Psychoactive Drugs
14.6 Pain Relievers
14.7 Medicines for the Heart

14.2 The Lock-and-Key Model

To find new and more effective medicines, chemists employ 
various models that describe the way drugs work. By far, 
the most useful model of drug action is the lock-and-key 
model. The basis of this model is that there is a connection 
between a drug’s chemical structure and its biological effect. 
For example, morphine and all related pain-relieving opioids, 
such as codeine and heroin, have the T-shaped structure 
shown in Figure 14.1.

What is the basis of the 
lock-and-key model?

READING CHECK

<  Figure  14.1
All drugs that act like morphine 
have the same basic 3-dimen-
sional shape as morphine.
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According to the lock-and-key model as illustrated in Figure 
14.2, biologically active molecules function by fitting into recep-
tor sites, where they are held by intermolecular attractions, such 
as hydrogen bonding. When a drug molecule fits into a receptor 
site the way a key fits into a lock, a particular biological event is 
triggered, such as a nerve impulse or even a chemical reaction. In 
order for a molecule to fit into a particular receptor site, however, 
it must have the proper shape, just as a key must have properly 
shaped notches in order to turn within a lock.

Another facet of this model is that the molecular attractions 
holding a drug to a receptor site are temporary. Recall from Section 
7.1 that most molecular attractions are many times weaker than 
chemical bonds. A drug is therefore held to a receptor site only for 
a short while. Once the drug drifts away from the receptor site (and 
is then chemically degraded by the body) the effects of the drug 
are said to have “worn off.”

Using this model, we can understand why some drugs are 
more potent than others. Heroin, for example, is a more potent 
painkiller than morphine because the chemical structure of heroin 
allows tighter binding to its receptor site.

Why do our bodies have receptor sites? Receptor sites allow 
different parts of the body to communicate with each other. If a 
large bear threatened you, for example, your nervous system would 
generate molecules that would bind to receptor sites within your 
adrenal glands, which would then create the stimulant adrenaline. 
Once released into the bloodstream, the adrenaline would bind to 
adrenaline receptor sites on your muscles, which would tell your 
muscles to power up—so that you could climb a nearby tree.

Many drugs act by binding to the receptor sites of these 
naturally occurring communication molecules. Some drugs, upon 
binding, cause the same biological effect as the natural mole-
cule. These drugs are called agonists. An example of an agonist is 
morphine, which mimics molecules the body produces to relieve 
pain—the endorphins.

Upon binding to a receptor site, other drugs initiate no 
biological effect except, once bound, they prevent the agonist mol-
ecules from binding. Thus, the receptor site is effectively blocked. 

Figure 14.2 > 
Many drugs act by fit-
ting into receptor sites 
on molecules, much as 
a key fits into a lock.
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Such a drug is called an antagonist. A powerful antagonist to 
endorphins is the drug naloxone. Administering naloxone to some-
one high on endorphins (or morphine) causes a rapid loss of that 
high and the immediate start of withdrawal symptoms.

The lock-and-key model has developed into one of the most 
important tools of pharmaceutical study. Knowing the precise shape 
of a target receptor site allows chemists to design molecules that 
have an optimal fit and a specific biological effect.

Biochemical systems are so complex, however, that our 
knowledge is still limited, as is our capacity to design effective 
medicines. For this reason, new medicines are still discovered rather 
than designed. One important avenue for drug discovery is eth-
nobotany. An ethnobotanist is a researcher who learns about the 
medicinal plants used in indigenous cultures, such as the root of the 
Bobgunnia tree, shown in Figure 14.3. Today, hundreds of clinically 
useful prescription drugs have been derived from plants. About 
three-quarters of these came to the attention of the pharmaceutical 
industry as a result of their use in folk medicine.

Another important method of drug discovery is the random 
screening of vast numbers of compounds. Each year, for example, 
the National Cancer Institute screens thousands of compounds for 
anticancer activity. One successful hit was the compound paclitaxel, 
shown in Figure 14.4. This compound shows significant activity 
against several forms of cancer, especially ovarian and breast cancer. 
As was discussed in Section 12.7, the yew tree produces only small 
amounts of this natural product, which is why the paclitaxel used 
to treat cancer is synthesized in the laboratory.

A drug isolated from a natural source is not necessarily better 
or more gentle than one produced in the laboratory. Aspirin, for 
example, is a human-made chemical derivative, and it is certainly 

^  Figure 14.3
(a) Ethnobotanists noted indigenous people of Namibia using pods of the African Bobunnia tree for poison 
arrows. These people have known for many generations that this plant has numerous biological properties. 
(b) This led natural products chemists to the yellow coating on the roots of this tree. From extracts of the coating, 
the chemists isolated a compound highly effective in treating fungal infections. This compound, produced by the 
tree to protect itself from root rot, shows much promise in the treatment of the opportunistic fungal infections 
that plague those suffering from AIDS.
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more gentle than morphine, which is 100 percent natural. The 
main advantage of natural products is their great diversity. Each 
year thousands of new chemical compounds are discovered from 
plants. Many of these compounds are biologically active, serving the 
plant as a chemical defense against disease or predators. Nicotine, 
for example, is a naturally occurring insecticide produced by the 
tobacco plant to protect itself from insects.

It has been estimated that only 5000 plant species have 
been exhaustively studied for possible medical applications. This is 
a minor fraction of the estimated 250,000 to 300,000 plant species 
on our planet, most of which are located in tropical rainforests. 
That we know little or nothing about much of the plant kingdom 
has raised justified and well-publicized concern. As rainforests are 
being destroyed, plant species that might yield useful medicines 
are also being destroyed.

A laboratory approach intended to mimic nature’s chemical 
diversity is known as combinatorial chemistry; it is a method of 
generating a large “library” of related compounds. Combinatorial 
chemistry takes advantage of the many different ways in which a 
series of reacting chemicals may be combined. Microquantities 
of reagents are combined in a grid to maximize the number of 
possible products, as is illustrated in Figure 14.5. The result is a 
great number of closely related compounds that can be screened 
for biological activity. The most active derivatives are analyzed for 
chemical structure and then synthesized on a larger scale for further 
testing or clinical trials.

Figure 14.4 >
Originally isolated 
from the bark of the 
Pacific yew tree, pacl-
itaxel is a complex 
natural product useful 
in the treatment of var-
ious forms of cancer.

^  Figure 14.5
Eight hypothetical starting materi-
als, A through D and 1 through 4, 
can be combined in various ways 
to yield 16 products, each of which 
may have some biological activity 
not found in any of the starting 
materials. A multitude of products 
are thus immediately available to 
be screened for medicinal activity.

C O N C E P T   C H E C K
Why are chemicals from natural sources so suitable for making drugs?

CHECK  YOUR  ANSWER   There are so many naturally-occurring chemicals with biological effects. 
Their vast diversity permits many different types of medicines needed to combat the many 
different types of human illnesses.


