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PREFACE

The term pharmaceutical chemistry is not treated uniformly either in the literature or as
far as the programs of higher education are concerned. Works under the title pharmaceutical
chemistry in most cases cover problems of chemical structure — biological activity rela-
tionships, therapeutical applications, and the methods of synthesis. These are obviously the
important features of pharmaceutical (medicinal) chemistry.

However, one can rarely encounter a treatment of the subject where pharmaceutical
chemistry is introduced in a complex manner, i.e., all the pharmaceutically important prop-
erties are interpreted in the light of the chemical structure.

It is evident here that the term pharmaceutically important properties needs to be defined.
These are the group of properties which are involved.

1. In the biological (therapeutic) activity; also the metabolic behavior
2. In the drug formulation, i.e., the preparation of dosage forms; also in the stability and

degradation properties
3. In the physical and chemical methods of analysis; also quality control and analysis for
diagnostic, toxicologic, etc. purposes

In other words, pharmaceutical chemistry is a complex science covering the chemical
knowledge needed by all experts working with drug substances.

The above-mentioned general treatment of the structure-property relationships could help
to make those employed in the various branches of the pharmaceutical profession, i.e.. drug
formulation, dispensing pharmacy, information service for patients and physicians, drug
quality control, competent experts in a wide range of work relating to drugs.

This book is to be considered an attempt to introduce the application of the above concepts.
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Chapter 1

ADRENERGIC AGONISTS

I. BIOGENIC CATECHOLAMINES

A. History

The hypertensive effect of an intravenous injection of a suprarenal gland extract was first
described in 1895 by Oliver and Schifer.' The proof that this action is due to the suprarenal
medulla and not the whole suprarenal gland was provided by Langley? who demonstrated
that the effect of the medulla extract was equivalent to that of electric stimulation of the
sympathetic nerve. The synthetic adrenaline exhibits the same effect.® The name adrenaline
was given by Takamine,* while earlier the same substance was named by Abel’ as epi-
nephrine. Takamine isolated this compound in pure form from a suprarenal extract and
established its molecular formula in 1901. The synthesis of adrenaline (epinephrine) was
achieved by Stolz.° Its correct structural formula was published simultaneously by several
scientists.”* Cushny” recognized that the effect of synthetic epinephrine is only 50% of that
of the natural substance. This drew attention to the stereochemistry of epinephrine and first
demonstrated the importance of stereoselectivity in the interactions between drug molecules
and receptors. In 1909, Flacher'® succeeded in resolving the racemate components of syn-
thetic epinephrine in the form of bitartrate salts. After the medium had been made alkaline
with ammonia, the bases proved to be equipotent with natural epinephrine. These successes
in chemical drug research encouraged further investigations in the field of physiology and
new impetus was provided in the results of Loewy.'" One of the most exciting principles
leading to further development was undoubtedly the idea that sympathetic neurotransmission
takes place chemically (i.e., by the mediation of chemical reactions) at the nerve endings
(1921). The neurotransmitter was named sympathin by Cannon'? in 1930. Due to the lack
of versatile and sufficiently sensitive analytical methods, sympathin was believed to be a
homogeneous single compound, for more than 10 years. The development in analytical
methods and particularly chromatography, made it possible for von Euler'*:'* to show that
sympathin is actually a mixture of adrenaline and noradrenaline and that the main factor in
sympathetic neurotransmission is noradrenaline (norepinephrine). Thus, the physiological
role and importance of this substance became properly understood half a century after its
synthesis. That isopropyladrenaline (isoproterenol) is also a biogenic compound was rec-
ognized and experimentally verified only in 1957. The research and results relating to
epinephrine and its congeners may be considered the major breakthrough in molecular
biochemistry and pharmacology. The historical background is available in a much more
detailed form in several monographs.'>-'®

B. Biosynthesis

The center of catecholamine biosynthesis is the medulla of the suprarenal gland. The pair
of suprarenal glands is located at the height of thoracic vertebrae 11 and 12. They are orange
organs, enclosed in the capsule of the kidneys and are pressed mildly to the upper pole of
the kidney.'” The weight of each of the human suprarenal glands is about 11 to 18 g. The
suprarenal gland consists of two portions. The outer (yellow) is the cortex, which occupies
the greater part of the organ, and the inner part (dark-red or brown) is the medulla. The
catecholamines are concentrated in the medullary part of the glands (see Figure 1) in an
amount of 0.5 to 0.7 mg/g, and comprise 90% epinephrine and 10% norepinephrine; iso-
proterenol is also produced, but only in a quantity of 0.1% (relative). The main particles
within the medulla are the large chromaffine cells, arranged in a network. Epinephrine and
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8 Pharmaceutical Chemistry of Adrenergic and Cholinergic Drugs

FIGURE 1. The left kidney with the suprarenal
gland. Cross section of the suprarenal gland.

norepinephrine are found stored in these specific granules. During further research several
other components have been shown to accompany to the catecholamines; recently enkephalins
were identified.?*?' The molar ratio of catecholamine and ATP has been found to be 4:122
and 4.5:1,% which is nearly equivalent with regard to the four negative charges of ATP and
the one of catecholamine molecules. One characteristic feature of the cells of the medulla
is that after treatment with a solution of a chromate (VI) salt, they are colored reddish brown
due to the reaction of their chromaffine granule content.?* These granules are about 200 pm
in size. This reaction is based on the oxidation of the catecholamines. The recognition of
this chromium affinity led to the discovery of a chromaffine (paraganglionic) system. An
interesting fact which awaits proper interpretation is that in neonates, the para-aortic body
(a chromaffine group of cells at the crosspoint of the aorta and the base of the heart, about
1 cm in length) has a relatively high epinephrine content, many times that of the suprarenal
glands.? Thanks to the rapid development in modern chromatographic and other separatory
methods, all of the enzymes involved in the biosynthesis of catecholamines have been
discovered and the biosynthetic pathways have also been elucidated. The key substance in
the biosynthesis of catecholamines is L-tyrosine, (2) which is formed from the corresponding
essential amino acid, L-phenylalanine (1) on the action of phenylalanine hydroxylase. This
enzyme is located mostly in the liver and requires dihydrobiopterine (1a) as cofactor.? L-
tyrosine is oxidized further to L-dihydroxyphenylalanine (3) by tyrosine hydroxylase (TH).
The tissue distribution of this enzyme coincides with that of the catecholamines (adrenal
medulla, brain, heart, etc.), indicating that the physiological role of this enzyme is mainly
its contribution to the biosynthesis of catecholamines; the reaction involving the enzyme is
found to be the rate-limiting factor.?” This enzyme needs tetrahydropteridine (2a) as cofactor.
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FIGURE 2. Biosynthesis of catecholamines.



