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Studio 10b (11/08/06):  Acids and Bases in Medicinal Chemistry

1) Concentrations of drugs

2) Drug absorption

3) Partitioning of drugs between aqueous (polar) and fats (nonpolar)

Group assignments:  A Skeptic/Reporter;  B Leader; C Recorder
Reading:  16.7 p789-794; 16.10 p802-807

Today you will encounter three challenges that will explore (and allow you to practice) some physiological acid/base chemistry.  You will also consider the manner in which a drug is influenced by our physiological acid/base chemistry.  

Challenge 1:  Codeine concentration
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2) A 0.0012M solution of codeine was prepared.  What species are present?  What is the pH of this solution?
Challenge 2:  What is the influence of pH on drug absorption in the gastrointestinal tract?

In order for a drug to be absorbed, it must be dissolved in some part of your gastrointestinal tract so that it can diffuse into your bloodstream.  The stomach can be crudely modeled using an aquoues solution of pH 1.5 while the intestine can be crudely modeled as an aqueous solution of pH 8.  To determine if a drug is absorbed through the stomach or in the intestine, 50 mg of the drug was placed in a test tube followed by 3 mL of an aqueous solution (either pH 1.5 or pH 8), followed by 2 mL of ethyl acetate.(Figure 2)  Each tube was subject to vortex mixing for 1 min.  The ethyl acetate and the water were then allowed to separate back into two layers.  A small sample of the ethyl acetate layer was placed on a layer of silica gel and all solvent was evaporated.  The samples were then examined under UV light and their concentrations reported qualitatively as low, medium, or high.(Figure 3)
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3) Earlier this semester, you looked at data obtained in a similar manner using water and ligroin to determine solubility.  What was being determined through the data collection?  (Hint:  Carrots, oranges and all your fruits and veggies are good for you because they contain these.)
4) How is this method similar?  How is it different?

Table 1:  Drug Concentrations in Ethyl Acetate Layer
	
	Aspirin

Acetylsalicylic acid
	3-Aminophenol*

(base)
	Acetaminophen

(neutral)

	Structure
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	Acid or base?


	acid
	base
	neutral

	Concentration in ethyl acetate when aqueous layer pH = 1.5
	high
	low
	high

	Concentration in ethyl acetate when aqueous layer pH  = 8
	low
	high
	high


* not actually used as a drug

5) Aspirin is absorbed through which a part of the gastrointestinal tract, the stomach or intestine?    Include a chemical reaction equation for aspirin and water to explain.

6)  Why is acetaminophen most soluble in ethyl acetate and not in either aqueous layer?  Include a chemical reaction equation for acetaminophen and water to explain.

7)  Which solution is 3-aminophenol most soluble in?  Include a chemical reaction equation for 3-aminophenol and water to explain.

Challenge 3:  Drug distribution

Diphenhydramine is a commonly-used antihistamine drug.  Since it is a basic drug, it is usually administered as the hydrochloride salt (Figure 6.)  Thus, in various portions of your digestive tract, the drug may be present either as the free base (B) or the protonated form (BH+), depending on the pH. (Figure 4)
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Figure 4:  Diphenhydramine Acid-Base Equilibrium
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Transport of the drug through the body to the appropriate receptor involves at some point the transfer of the drug through a non-polar lipid membrane.  Since the protonated form (BH+) is charged, it will not dissolve significantly in a non-polar medium.  Therefore, only the free base (B) can dissolve and be transported across a lipid layer.

An experiment representing a greatly simplified model of drug distribution in the human body was performed.  A small amount of diphenhydramine hydrochloride (BH+Cl-) (2x10-4 mol) was dissolved in water in a volumetric flask.  Then some of the BH+ was converted to B by the addition of a smaller amount of NaOH (1 x10-4 mol).  The volumetric flask was filled to the 1 L mark with water.  Exactly 1.00 mL of an organic solvent (n-octane) (Figure 7) was placed on top of the aqueous phase to represent a lipid layer.  Some of the free base (B) was partitioned into the organic solvent by stirring vigorously until equilibrium was attained (14 min).  The two layers were then allowed to separate.  The relevant equilibria (Figure 8) and a diagram of the apparatus (Figure 9) are shown.


The drug (diphenhydramine) is now in three “forms”, BH+(aq), B(aq), and B(org).  The ions H3O+(aq), OH-(aq), Na+(aq), and Cl-(aq) will also be present.  Your need to determine the concentration of all ions and molecules in the system as well as some equilibrium constants using the relevant equilibrium, mass balance, and charge balance equations.  Two actual measurements were obtained:  (1) [Borg], the concentration of the free base in the organic phase = 0.0325 M by gas chromatography (GC), and (2) the pH of the aqueous phase = 8.71.

Find the following:

Table 2:  Data for Diphenhydramine Distribution
	Kw
	Kpart
	Ka
	Vorg
	Vaq
	[Cl-]
	[Na+]
	[H3O+]
	[OH-]
	[B(org)]
	[BH+]
	[B(aq)]

	
	
	  
	
	
	
	
	
	
	
	
	


V = volume

8) First, fill in any information that you know in Table 2.

9) Then, write out the equilibrium constant expressions

Kw =  

Ka  =

Kpart
One way of analyzing the system is to look at the mass balance shown below.  

[BH+]  +  [B(aq)]  +  [Borg]Vorg/Vaq  =  [Cl-]

10) Explain this equation.  Why do you have to multiply [Borg] by Vorg/Vaq?

Another useful equation is the charge balance equation:  

[BH+]  +   [H3O+]  +  [Na+]  =  [Cl-]  +  [OH-]

11)  Explain this equation.  Which layer are all of the charged species in?

12)  If you now have as many equations as you do unknowns, proceed to solve for the unknown variables in a systematic fashion.  If not, then double check the information in Table 2 and questions 8-11.  Fill in Table 2 as you go along.





























































Figure 7:  Experimental set up
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Figure 6:  Multiple Equilibria
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Figure 5:  n-octane
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Figure 2:  Partitioning of ethyl acetate and aqueous layers
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Figure 3:  Spots of a molecule on silica gel, made visible with a UV lamp.
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Figure 1:  Codeine
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Codeine is a weak base used in painkillers and cough medicine.  It is a naturally occurring compound, C18H21NO3, with Kb = 1.6 x 10-6.  (Figure 1)  





1) What takes place when an aqueous solution of codeine is prepared.  (Draw out the reaction)
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