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     For example, consider the phenothiazines promethazine and promazine.  

 

     The primary pharmacologic activity of promethazine is that of an antihistamine, 

whereas promazine is an antipsychotic. The only difference between the two is the alkyl 

side chain. In the case of promethazine, it contains isopropylamine side chain, whereas 

promazine has a n-propylamine. In this case, the small change of one carbon atom from a 

branched to a linear hydrocarbon radically alters the pharmacologic activity.   

Chain length: 

     Larger alkyl groups increase the bulk of the compound as a whole and this may also 

confer selectivity on the drug. For example, in the case of a compound which interacts 

with two different receptors, a bulkier alkyl substituent may prevent the drug from 

binding to one of those receptors and so cut down side-effects. 

 

     An example in which simply increasing hydrocarbon chain length has significant 

effects not only on potency but also on the agonistic or antagonistic action of a molecule 

is provided by a series of N-alkyl morphine analogues. 
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     Some drugs have two important binding groups linked together by a chain, in which 

case it is possible that the chain length is not ideal for the best interaction. Therefore, 

shortening or lengthening (extension) the chain length is a useful tactic to try.  

 

     Extension tactics were used in the development of antihypertensive agents which 

inhibit an enzyme know as angiotensin converting enzyme (ACE). Adding a phenethyl 

group to the first molecule resulted in a thousandfold improvement in inhibition, 

demonstrating that the extra aromatic ring was binding to a hydrophobic pocket in the 

enzyme’s active site.  
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     It was concluded that, a chain with two carbons resulted in higher activity than a chain 

with one or three carbons. 

2) Simplification of the Structure: 

     Because drug-receptor interactions can be very specific, the pharmacophore may 

constitute a small portion of the molecule. It has been found on several occasions that 

what seem to be very complex molecules can be reduced to simpler structures with 

retention of the desired biological action. An example of this is the narcotic analgesic 

morphine, which is a tetracyclic compound with five chiral centers. Not only would 

simplification of the structure possibly provide molecules with fewer side effects, a 

reduction in the number of chiral centers would greatly simplify the synthesis of 

morphine derivatives and, thereby, decrease cost. 
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     The above figure shows how the morphine structure has been simplified in the search 

for compounds with fewer side effects, such as respiratory depression and addiction 

potential. Within each class are analogues that are less potent, equipotent, and many 

times more potent than morphine. It can be readily seen from the figure that the 

pharmacophore of morphine must consist of a tertiary alkylamine that is at least four 

atoms away from an aromatic ring. 
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3a) Isosterism: 

(A similarity in the physical properties of ions, compounds, or elements, as a result of electron arrangements that are identical or similar.)     

When a lead compound is first discovered for a particular disease state, it often lacks the 

required potency and pharmacokinetic properties suitable for making it viable clinical 

candidate. These may include undesirable side effects, physicochemical properties, other 

factor that affect oral bioavailability, and adverse metabolic or excretion properties. 

These undesirable properties could be the result of specific functional groups in the 

molecule. The medicinal chemist therefore must modify the compound to reduce or 

eliminate these undesirable features without losing the desired biological activity. 

Replacement or modification of functional groups with other groups having similar 

properties is known as isosteric replacement, or bioisosteric replacement. 

     In 1919, Langmuir first developed the concept of chemical isosterism to describe the 

similarities in physical properties among atoms, functional groups, radicals, and 

molecules. The similarities among atoms described by Langmuir primarily resulted from 

the fact that these atoms contained the same number of valence electrons and

came from the same columns within the periodic table. This concept was limited to 

elements in adjacent rows and columns, inorganic molecules, ions and small organic 

molecules, such as diazomethane and ketene. A comparison of the physical properties of 

N2O and CO2 that illustrates Langmuir’s concept is shown below: 

Property N2O CO2 

Viscosity at 20°C 148 x 10-6 148 x 10-6 

Density of liquid at 10°C 0.856 0.858 

Refractive index of liquid, D line 16°C 1.193 1.190 

Dielectric constant of liquid at 0°C 1.593 1.582 

Solubility in alcohol at 15°C 3.250 3.130 

 

     To account for similarities between groups with the same number of valence electrons 

but different numbers of atoms, Grimm developed his hydride displacement law. This is 
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not a law in the strict sense but, rather, more an illustration of similar physical properties 

among closely related functional groups. 

C N O F 

 CH NH OH 

  CH2 NH2 

   CH3 

      

     Descending diagonally from left to right in the above table, hydrogen atoms are 

progressively added to maintain the same number of valence electrons for each group of 

atoms within a column. Within each column, the groups are considered to be 

pseudoatoms with respect to one another. Thus, NH2 is considered to be isosteric to OH, 

and so on. This early view of isosterism did not consider the actual location, motion, and 

resonance of electrons within the orbitals of these functional group replacements. Careful 

observation of this table reveals that some groups do share similar physicochemical 

properties, but others have very different properties, despite having the same number of 

valence electrons. For example, OH and NH2 share similar hydrogen-bonding properties 

and, therefore, should be interchangeable if that is the only criterion necessary. The NH2 

group is basic, however, whereas the OH is neutral. Hence, at physiological pH, the NH2 

group would be in its protonated, or conjugate acid, form and give the molecule a 

positive charge. If OH is being substituted by NH2, the additional positive charge could 

have a significant effect on the overall physicochemical properties of the molecule in 

which it is being introduced. The difference in physicochemical properties of CH3 group 

relative to the OH and NH2 groups is even greater. In addition to basicity and acidity, this 

law fails to take into account other important physicochemical parameters, such as 

electronegativity, polarizability, bond angles, size, shape of molecular orbitals, electron 

density, and partition coefficients, all of which contribute significantly to the overall 

physicochemical properties of a molecule. 

     Instead of considering only partial structures, Hinsberg applied the concept of 

isosterism to entire molecules. He developed the concept of ring equivalents that is, 
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groups that can be exchanged for one another in aromatic ring systems without drastic 

changes in physicochemical properties relative to the parent structure. Benzene, 

thiophene, and pyridine illustrate this concept. A (–CH=CH-) group in benzene is 

replaced by the divalent sulfur (-S-) in thiophene, and a (–CH=) is replaced by the 

trivalent (–N=) to give pyridine. 

 

     The physical properties of benzene and thiophene are very similar. For example, the 

boiling point of benzene is 81.1°C, and that of thiophene is 84.4°C (at 760 mm Hg). 

Pyridine, however, deviates, with a boiling point of 115°C. Hinsberg therefore concluded 

that divalent sulfur (-S- or thiophene) must resemble (–CH=CH-) in shape, and these 

groups were considered to be isosteric. Today, this isosteric relationship is seen in many 

drugs, example H1-receptor antagonists shown below: 

 

3b) Bioisosterism: 

     Friedman introduced the term bioisosterism and defined it as follows: Bioisosteres are 

functional groups or molecules that have chemical and physical similarities producing 

broadly similar biological properties. Recently, Burger expanded this definition to take 

into account biochemical views of biological activity: Bioisosteres are compounds or 

groups that possess near equal molecular shapes and volumes, approximately the same 

distribution of electrons, and which exhibit similar physical properties such as 

hydrophobicity. 
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     In animals, many hormones, neurotransmitters, and so on with very similar structures 

and biological actions can be classified as bioisosteres. An example would be the insulin 

isolated from various mammalian species. Even though these insulins may differ by 

several amino acid residues, they still produce the same biological effects. 

     What may be a successful bioisosteric replacement for a given molecule interacting 

with a particular receptor quite often has no effect or abolishes biological activity in 

another. Thus, the use of bioisosteric replacement in drug design is highly dependent on 

the biological system being investigated. 

     Bioisosteric groups can be subdivided into two categories: classical and nonclassical 

bioisosteres. Functional groups that satisfy the original conditions of Langmuir and 

Grimm are referred to as classical bioisosteres. Nonclassical bioisosteres do not obey 

steric and electronic definitions of classical bioisosteres and do not necessarily have the 

same number of atoms as the substituent they replace. 

Classical Bioisosteres: 

     They can be subdivided as shown below: 

1- Monovalent: 

         

2- Divalent: 

 

3- Trivalent: 
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4- Tetravalent: 

 

5- Ring equivalents: 

 

     Substitution of hydrogen by fluorine is one of the most common monovalent isosteric 

replacements. Sterically, hydrogen and fluorine are quite similar. Because fluorine is the 

most electronegative element in the periodic table, any differences in biological activity 

resulting from replacement of hydrogen with fluorine can be attributed to this property. A 

classic example of hydrogen replacement by fluorine is development of the antineoplastic 

agent 5-fluorouracil from uracil. 

 

      Another example is shown below, in which the chlorine of chlorothiazide has been 

replaced with bromine or a trifluoromethyl. For each of the substitutions, the electronic 

and hydrophobic properties of each group are maintained relatively constant, but the size 

of each group varies significantly. 

 

Nonclassical Bioisosteres: 

     Nonclassical bioisosteres are replacements of functional groups not defined by 

classical definitions. Some of these groups, however, mimic spatial arrangements, 
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electronic properties, or some other physicochemical property of the molecule or 

functional group critical for biological activity. They can be subdivided as shown below: 

1- Rings versus noncyclic structure. 

     One example is the use of a double bond to position essential functional groups into a 

particular spatial configuration critical for activity. This is shown below with the 

naturally occurring hormone estradiol and the synthetic analogue diethylstilbestrol. The 

trans isomer of diethylstilbestrol has approximately the same potency as estradiol, 

whereas the cis isomer is only one-furteenth as active. In the trans configuration, the 

phenolic hydroxyl groups mimic the correct orientation of the phenol and alcohol in 

estradiol. This is not possible with the cis isomer, and more flexible analogues have little 

or no activity. 
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2- Exchangeable groups. 

     Another example of nonclassical replacement is that of sulfonamide group for a 

phenol in catecholamines. With this example, steric factors appear to have less influence 

on receptor binding than acidity and hydrogen-bonding potential of the functional group 

on the aromatic ring. Both the phenolic hydroxyl of isoproterenol and the acidic proton of 

the arylsulfonamide have nearly the same pKa (~10). Both groups are weakly acidic 

capable of losing a proton and interacting with the receptor as anions or participating as 

hydrogen-bond donors at the receptor, as shown below. 

 

     Because the replacement is not susceptible to metabolism by catechol O-

methyltransferase, it also has the added advantages of increasing the duration of action 

and making the compound orally active. 
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Examples of Bioisosteric Replacements: 
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