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TABLE 2.2 » Cilassical isosteres
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and vomiting ) activity is greatly enhanced. In this case, however, an additional methy lamino
group is also added, which may have an effect in changing the activity.

E.4 Biolsosterism

Rioisosteres are subsiituents or groups that have chemical or physical similarities, and which
produce broadly similar biological properties. | Bioisosterism is an imponant lead modifi-
cation approach that has been shown 1o be useful 1o attenuate toxicity o o modify the activity
of a kead, and may have a significant role in the alteration of pharmakinetics of a lead. There
are classical isosteres™*-**! and nonclassical isosteres.”*”! In 1925 Grimm'**! formulated the
hvdride displacement Low 10 describe similanties between groups that have the same mumber
of valence electrons, but may have a different number of atoms. Erdenmever' ™ later rede-
fined isosteres as atoms, ons, of molecules in which the peripheral layers of electrons can be
considered 10 be identical. These two definitions describe classical isosteres; examples are
shown in Table 2.2. Nenclassical bioisosteres do not have the same number of atoms and do
nod fit the steric and electronic rules of the classical isosteres, but do produce similar biological
sctivity, Examples of these are shown in Table 2.3. Ring-chain transformations also cun be
considered to be isosteric imerchanges. There are hundreds of examples of compounds that
differ by a bioisosteric interchange:™ some examples are shown in Table 2.4,
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TABLE 2.3 » Continued
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TABLE 2.3 » Continmed
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Blowsosterism, however, also can lead 1o changes in sctivity or potency. For example, if
thee sullur atom of the phenothiazine neuroleptic drugs (2.40) is replaced by <CH=CH- or
CH3CH;~ biodsosteres, then dibenzazepine antidepressant drugs (2.43) resuli. A change
n enzyme affinity also can be observed. For example, when the thiazolone ring in a
series of anti-inflammatory compounds selective for the cycloox ygenase-2 isozyme over the
cyclooxygenase-1 isozyme (see Chapter 5, Section 5.5.B.2.b, p. 280) was substituted by an
oxazolone ring (i.c.. the S was replaced by O), the selectivity for the two isozymes reversed, 1

. W
‘H“-H_-_n'_.-f‘h‘h.fm,__-;".-'
R
.43
It is acwally quite surprising that bicisosterism should be such a successful approach

o lead modification. Perusal of Table 2.2, and especially of Table 2.3, makes it clear
that in making a bioisosteric replacement. one or more of the following parameters will
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TABLE 24 » Exampdes of Bioisosteric Analogs
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change: size, shape, electronic distnbution, fipid solubility, water solubility. pX ;. chemical
reactivity. and hydrogen bonding. Becanse a drug must get (o the site of action, then interact
with it {see Chapter 3), binisostenc modifications made 10 2 molecule may have one or more
of the following effects

1. Structurad. If the moicty that is replaced by a bioisostere has a structural role in holding
other functionalities in a particalar geometry, then size, shape, and hydrogen bonding
will be imporiani
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1. Recepor interactions, If the motety replaced is involved in a specific interaction with a
receptor of enzyme, then all of the parameters except lipid and water solubility will be
important.

A Pharmacokinetics. If the moiety replaced is necessary for absorption, ransport, and
excretion of the compound, then lipophilicity, hydrophilicity, pK,. and hydrogen
bonding will be important

4. Mewabolion. If the moicty replaced is imvolved in blocking or aiding metabolism, then
the chemical reactivity will be importani.

It is because of these subtle changes that bioisosterism is effective. This approach allows
the medicinal chemist o tinker with only some of the parameters in order 1o augment the
potency, selectivity, and duration of action and 1o reduce toxicity. Multiple alierations may be
necessary to counterbalance effects. For example, if modification of a functionality involved
in binding also decreases the pophilicity of the molecule, thereby reducing its ability to pen-
etrate cell walls and cross other membranes, the molecule can be modified at a different site
with u lipophilic group 1o increase absorption. But where can these bioisosteric replacements
be made? A pharmacophore study (Section 2.2.A, p. 17) could have identified those groups
on the lead that could be modified without an effect on receptor binding (the scissions that
led to little change in potency ). Those are the positions that can be safely modified. Modifi-
cations of this sort, however, may change the overall molecular shape and result in another
activity.

E.5 Combinatorial Chemisiry

a  Genersl Aspects
Combinatorial chemistry involves the synthesis or biosynthesis of chemical libraries (a family
of compounds having a certain base chemical structure) of molecules for the purpose of
hiological screening, particularly for lead discovery or lead modification. ™! Typically, these
chemical libraries are prepared im a systematic and repetitive way by covalent assembly
of budlding blocks (various reactant molecules that build up parts of the overall structure)
o give a diverse array of molecules with a common scaffold (the parent structure in the
fumily of compounds). The advantage of this methodology is that it is carried out on a solid
{polymeric) suppon, so that isolation and purification of the product of each reaction can
be performed by simple filiration and washing (with & variety of solvents) of the polymeric
support 1o which the building blocks have been attached. Because of the insolubility of the
polymer, everything not attached to the polymer is removed. which allows the use of excess
reagents 1o drive the synthetic reactions. The disadvantages of this methodology are the
difficulty in scaling up the reactions and the sluggishness of reactions. An allemnative strategy
{covalent scavenger techrology) is to camy out the reactions in solution with excess reagent,
which is then scavenged with a polvmeric-supported scavenger afier the reaction s completed
{Figure 2.4). In this approach. filtration removes the excess reagent sttached 10 the scavenger
polymer, keaving the product in solution **! Another approach is 1o use polymer-supporied
reagenis with solution reactions. To avoid problems of heterogencous polymer reactions,
soluble polyethylene glycol polymers can be used )

The main differences among the vanous combinatonial approaches are the solid sup-
port used, the methods for sssembling the building blocks, the stale (immobilized or m
solution) and numbers (a fraction of the total library or individual entivies) in whach the




