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PHARMACEUTICS CASE STUDY #1

PART #1

Celebrex Mechanism of Action

Celebrex (generic name celecoxib) is classified as a nonsteroidal anti-inflammatory drug (NSAID) and is primarily indicated for the treatment of osteoarthritis and rheumatoid arthritis (ref. 1).  It is believed to exhibit its anti-inflammatory and analgesic effects by inhibiting the synthesis of prostaglandins.  More specifically, this is thought to occur by inhibiting the enzyme cyclooxygenase-2 (COX-2).
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It is believed that the cyclooxygenase enzyme exists in two isoforms, COX-1 and COX-2 (ref. 2).  The COX-1 isoform is involved in the regulation of normal cell activity.  On the other hand, the action of the COX-2 isoform is predominantly involved in the regulation of the inflammation process.  So, the COX-2-specific inhibitor Celebrex mainly alleviates inflammation without affecting the important physiological functions mediated by the COX-1 isoform.  The diagram below, which comes from the continuing education article previously referenced, illustrates the action of a COX-2 selective inhibitor such as Celebrex versus that of non-selective NSAIDs.  In passing, it is also noted that a single amino acid variation at position 509 of cyclooxygenase (valine in COX-1; isoleucine in COX-2) differentiates the two isoforms.

Functional Groups of Parent Molecule T
Parent molecule T is shown below:
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Parent molecule T contains the following four functional groups:
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PKa Values for Parent Molecule (T)
Parent molecule T does not have any functional groups that will readily behave as Brønsted-Lowry acids or bases at physiological or pharmaceutical pHs.  However, at extremely basic pH (i.e., very low H+ concentrations), proton dissociation will occur.  The hydrogen-containing groups are the alkyl bromide, methyl sulfide and benzene ring groups.  Do to the electron-withdrawing effects of the bromine atom, it is thought that the methyl group that is part of the ester will have the lowest pKa of the possible pKas of parent molecule T.

According to Table 22.1 in John McMurry’s textbook Organic Chemistry (ref. 3), the ester CH3CO2C2H5 has pKa=25.  By analogy, however, parent molecule T has the electron-withdrawing bromine atom bonded to the methyl group (-CO2CH2Br).  The bromine atom will cause the delocalization of the electrons from the carbon atom to which it is bonded (the same carbon that is covalently bonded to the hydrogen atoms).  The effect of this delocalization will cause the carbon atom bonded to the bromine to become more “difficult” to protonate (or “easier” to deprotonate).  In other words, the concentration of H+ necessary to go from the deprotonated group (-CHBr, note that the carbon atom carries a single negative charge) to the protonated group (-CH2Br) will increase, which then yields a lower pKa.  Even if it is rather arbitrarily decided that the effect of the Br atom will yield a decrease in pKa of 10 orders of magnitude (i.e., 10 pH units), the resulting pKa will equal 15; this is still well outside of the realm of concern when formulating pharmaceutics.  Any pH in which one might formulate a pharmaceutic would be much less than the pKa for the -CH2Br group.  The methyl group would always be found in the protonated form (-CH2Br) at pHs of pharmaceutical concern.

It has already been mentioned that the other hydrogen atoms in parent molecule T are found in the methyl sulfide and benzene ring groups.  Also from Table 22.1 in McMurry’s textbook, the alkane ethane (CH3CH3) has a pKa = 60.  The pKa of the -SCH3 group would be expected to be less than ethane due to the electron withdrawing effects of the sulfur atom, but it will still be much higher than the pKa for the alkyl bromide group discussed previously.  So, in conclusion, parent molecule T has no pKa of pharmaceutical concern.

Intrinsic Solubility of Parent Molecule T
In completing the solubility spreadsheet, the main challenge is to enter a representative melting point (mp).  The following molecule was taken from the 82nd edition of the CRC Handbook of Chemistry and Physics (ref. 4) and was utilized as the starting point to estimate the mp for parent molecule T (diagram at the top of this page):
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The above molecule has a melting point of 32ºC and is analogous to parent molecule T except that is does not bear the methyl sulfide group (-SCH3).  Now the mp must be adjusted to reflect the presence of the -SCH3 group that is in the ortho position to the ester functional group.

Since the sulfur atom is electron withdrawing with respect to the aromatic ring, it is expected that the -SCH3 would make the relatively non-polar phenyl more polar.  The new dipole moment that is created by the –SCH3 will therefore create stronger intermolecular forces.  Stronger intermolecular forces will cause the melting to point to rise.   The higher melting point can also be attributed to the slight hydrogen-bonding character of the electronegative sulfur atom as well.  Using ChemDraw Pro as a reference tool, calculation of the melting point of molecule T was possible.  As expected, the melting point for Molecule T is 93(C, which is higher than the melting point of our reference molecule (32ºC).

Using 93(C as the melting point for Molecule T, the calculated intrinsic solubility is 0.178 mg/ml.  Find the resulting MS Excel solubility spreadsheet (filename: Parent) for parent molecule T attached to this report.

Intrinsic Solubility of the Diamine Molecule
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 To increase the solubility of parent molecule T, two amine groups (both –CH2CH2NH2) will be added as shown in the structure below.  For comparison purposes, find the structure of parent molecule T on page 1.

The approximate pKas of each of the added amine groups will be calculated using the Hammett-Taft equation.  Aliphatic amines begin with pKa = 10.6 and will be affected by the neighboring groups.  First, the sulfur phenyl group (-SC6H5) has a σ* = 1.87.  For the amine bonded to the sulfur phenyl group:

pKa = 10.6 – [(0.4)3-2 x (0.28 + (0.87 x 1.87))]

pKa = 10.6 – 0.763

pKa = 9.83
Now, the same calculation is performed for the second amine (–CH2CH2NH2) bonded to the phenyl group.  The phenyl group alone has σ* = 0.75:

pKa = 10.6 – [(0.4)2-2 x (0.28 + (0.87 x 0.75))]

pKa = 10.6 – 0.933

pKa = 9.67
It is expected that the final formulation will have a pH of approximately 6 – 7.  At these approximate pHs, both the added amines would largely in the protonated (positively charged) form, which will increase the solubility in aqueous solution.

In considering the melting point of the diamine molecule we again turned to literature sources for comparison.  A related molecule, C6H5-CH2CH2NH2, was found to have a melting point of 206oC (ref. 6).  The remaining functionalities, SCH3CH2CH2NH2 and the ester, would increase the polarity of the molecule.  This would create stronger intermolecular interactions, thereby increasing the melting point. Our intuitions were supported through ChemDraw Pro software, which calculated the melting point to be 298oC, which was the melting point utilized to calculate solubility. The resulting MS Excel solubility spreadsheet for the diamine molecule is attached to this report (filename: Diamine).  The calculated solubility is 0.0226 mg/mL.  Although this intrinsic solubility of the diamine is less than that calculated for parent molecule T (0.178 mg/ml), it is expected to be much more soluble when the amines are positively charged, as will be the case in the formulation of this diamine drug.
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