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LECTURE OUTLINE 
Medicinal Chemistry: Solubility Potential (Palleros – online) 
β-Lactam Antibiotics: Mode of Action  
 
HW online 
 
Solubility Potential  
- Hydrocarbons are insoluble in water 
- Adding polar functional groups increases water solubility 
- The more functional groups, the more carbons the molecule can contain and still be soluble 
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a solubility lower than 1 g/100 mL). The experimental solubility value of 0.02 g/100 mL 

confirms that. By protonation of the amino group with HCl, the ammonium salt is formed 

and its presence increases the solubility potential by 20-30 carbons, bringing it to a total 

of 28-40 carbons which is larger than the total number of carbons in the molecule. Thus, 

morphine hydrochloride is expected to dissolve in water. The experimental solubility 

value of 5.7 g/100 mL confirms that. 

 

 

 

                                               Table 1. Solubility Potential 

Functional Group Solubility Potential 

(in a polyfunctional molecule) 

Alcohol 3-4 carbons 

Phenol 3-4 carbons 

Amine 3 carbons 

Carboxylic acid 3 carbons 

Ester 3 carbons 

Amide 2-3 carbons 

Ether 2 carbons 

Aldehyde 2 carbons 

Ketone 2 carbons 

Urea 2 carbons 

Charged groups (N+: ammonium salts; O
-
:
 

carboxylates, phenolates, sulfates; N
-
: 

sulfonamides) 

 

20-30 carbons 
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alcohol:  3-4 carbons
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total:  28-40 carbons
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Effects of pKa. In this section we will discuss how the pKa of a drug affects its 

pharmaceutical, pharmacokinetic and pharmacodynamic phases.  

 

Ionization of organic compounds plays a crucial role in their solubility, therefore, a 

knowledge of the pKa values of a drug molecule is of paramount importance to the 

medicinal chemist. Let’s consider the dissociation of an acid HA: 
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Effects of pKa on Solubility and Binding 
 
 
 Pharmaceutical & Pharmacokinetic Phases 
 
 
 

 
 
 
 
 Pharmacodynamic Phase – binding of drug to receptor 
 
 
 
 

Receptor 
 

 
Hydrophobic pocket of peptide backbone effects pKa’s  

(typically we think of pKa as dissociation in water, this is different!) 
 

**Ionization states dictate whether drug can bind to receptor** 
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HA     +    H2O A-   +     H3O+

Ka

 
 

As you remember from our discussion of acids and bases, the following relationship 

holds (Henderson-Hasselbalch equation): 

 

                                           

! 

pH " pKa = log
[A"]

[HA]
                 (2) 

 

When the pH = pKa, it follows that: 

 

                                        

! 

0 = log
[A"]

[HA]
# [A"] = [HA] 

 

which means that when the pH is equal to the pKa, the concentration of the undissociated 

acid, [HA], equals the concentration of the anion, [A
-
], or in other words, half the 

molecules are in the dissociated or ionized form and half are undissociated (neutral in 

charge). (See section 9, Acids and Bases, Supplemental Material). 

                                               

In crossing the cell membrane a pharmaceutical has to move from the aqueous 

environment of the extracellular fluid to the nonpolar interior of the cell membrane and 

from there to the aqueous cytoplasm. Therefore, its solubility in both aqueous and 

nonpolar solvents is of crucial importance. Compared to undissociated molecules 

(HA), ions (A
-
) are more soluble in water but less soluble in a nonpolar environment 

such as that found in the cell membrane’s interior. Only uncharged, undissociated 

molecules are able to cross the nonpolar environment of the cell membrane. This means 

that HA will be able to cross the membrane but A
-
 will not. 

 

                          HA     +    H2O A-   +     H3O+

HA

HA     +    H2O A-   +     H3O+

cytoplasm

extracellular fluid

cell membrane

 
 

When the medicinal chemist is designing a new drug, he/she must consider the solubility 

of the molecule from the pharmaceutical perspective: is the drug soluble in water; is it 

dissolving in the GI tract? And also from the pharmacokinetic perspective: Is the drug 

crossing the membrane barriers and getting to the receptors? Is it soluble in lipids? 

 

High solubility in water favors the pharmaceutical phase by ensuring easy delivery of the 

drug, but it may prevent an easy transport across the membranes making the 
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pharmacokinetic phase more difficult. Most of the drugs in use for medicinal purposes 

have pKa values in the range of physiological pH (5-8). Thus, they exist as a mixture of 

dissociated and undissociated species in equilibrium. This ensures solubility in both water 

and lipids. The dissociated molecules, A
-
, are responsible for the water solubility of the 

drug and, thus, guarantee an easy delivery, whereas the molecule in its neutral, 

undissociated form, HA, is able to cross the membranes. As the compound crosses the 

membrane and the concentration of HA diminishes in the extracellular fluid, A
-
 gets 

protonated to reestablish the equilibrium. This keeps happening until all (or most) of HA 

crosses the membrane. (We will come back to the effects of pKa and solubility on the 

pharmacokinetic phase when we discuss partition coefficients, section 4). 

 

The pKa of the drug molecule also affects its pharmacodynamic phase. The drug 

molecule binds to receptors mainly through H-bonds and ion-ion interactions and thus, a 

knowledge of the dissociation states of the drug and the receptor is crucial. This is 

usually easier said than done since the microenvironment around the receptor’s binding 

site will affect the pKa values of the functional groups involved in the binding. Receptors 

are primarily made of a protein backbone from which polar functional groups, such as,  

-OH, –COO
-
 and –NH3

+
 emerge. In the nonpolar environment of the protein backbone, 

the pKa of carboxylic acids increases because they have less tendency to dissociate than 

in an aqueous environment, in which the pKa is normally measured (this was discussed in 

section 7.6, Acids and Bases, Supplemental Material). Thus, the side chain of a glutamic 

acid residue that is expected to have a pKa of 4.25 in aqueous solution, may have a pKa of 

8-9 in the binding site of a protein. Likewise, an ammonium group buried inside of a 

protein has a lower pKa, (higher tendency to shed its proton) because the nonpolar 

environment favors the neutral amino form vs. the charged ammonium salt.  

 

                             

COOH

NH3
pKa pKa

 
 

When an amino group is close to a carboxylic acid, as it is often the case in a receptor’s 

binding site, the ionization of both groups is favored because the resulting ions are 

stabilized as a salt bridge. This means that the pKa of the carboxylic acid decreases and 

the pKa of the ammonium salt increases.  
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salt bridge
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Natural Products – broad class of naturally occurring substance, typically secondary 
metabolite (no essential metabolic function for the organism) 
 

- Terpenoids (Lectures 11/12) 
 

- Nonribosomal Polypeptides (today) 
 

- Alkaloids (Lecture 17) 
 

- Fatty acid-derived substances & Polyketides (Lecture 18) 
 

- Enzyme Cofactors  
 
 
 
β-Lactam Antibiotics 
- Non-ribosomal Tripeptides 
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Penicillin’s Mechanism of Action: Deactivation of Bacterial Transpeptidase 
 
 
 Bacterial cell walls surrounded by murein,  

synthesized by Transpeptidase (aka penicillin-bind protein, PBP) 
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What do you 
think happens?H


