LAB 6:  Modeling the Relative Basicities of Amines
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In this lab you will use Titan to compute the relative enthalpy of protonation of a series of substituted anilines by calculating the energy of the isodesmic reaction scheme shown below. The amines and their conjugate acids will be modeled at the AM1 semi-empirical level, with aqueous solvation (SM5.4A) included. The relative enthalpies of protonation (without and with solvation effects) will be plotted separately on the same graph in Excel against the experimental values of the pKa of the conjugate acids to see which series of calculations gives the best correlation.  To obtain the enthalpy including solvation effects, the solvation energy must be added to the gas-phase enthalpy.  Both are found in the output file.  In addition, electrostatic potentials will be computed and mapped onto the electron density isosurface for each neutral amine.  
The substituted anilines that will be modeled are listed below along with the reported pKa of their conjugate acids:

	     Substituted aniline
	pKa of conjugate acid

	     4-nitroaniline
	1.00

	     3-nitroaniline
	2.47

	     4-chloroaniline
	3.98

	     aniline
	4.63

	     4-methoxyaniline
	5.34


Computing and displaying the electrostatic potential:

The electrostatic potential is defined as the potential (energy) experience by a point positive charge that is moved along the van der Waals surface (electron density isosurface) of the molecule.  In Titan, positive regions of the molecule indicated by blue; negative (basic) regions of the molecule are red.  (This is opposite of the color convention used by European chemists.)

To calculate the electrostatic potential, in Setup, select Calculations: Calculate: Equilibrium Geometry, with: Semi-Empirical, AM1; also select E. Solvation, OK to calculate solvent effects. Then, select Setup, Surfaces, Add, Surface: density, Property: potential.  Submit the calculation as usual.  When the calculation is finished, Display, Surfaces and select the box next to the surface you want to visualize (you will have computed only one). Close this dialog box and open the Properties dialog box, then click on a point on the isodensity surface to display the value of the electrostatic potential at that point. Move the cursor and click on other points, trying to locate the most negative negative electrostatic potential (esp). List the most negative esp on the amine nitrogen of each substituted (neutral) aniline. Also list the most negative electrostatic potential of the structure (regardless of its location). Plot the most negative electrostatic potential of the structure vs. the experimental pKa values in Excel. Also plot the most negative electrostatic potential values on the amine nitrogen vs. the experimental pKa values of the conjugate acids on the same graph in Excel and determine the equation and r2 for the best straight line for each.  Which esp correlates best with pKa?
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Reminder: When computing the energy of the equilibrium (optimized) geometry of the conjugate acids, be sure to specify the charge as a cation.
In an Excel spreadsheet, calculate the energy of the isodesmic reaction shown on the previous page for each structure; do this using gas-phase heats of formation and separately using the heats of formation corrected for solvent effects.  Plot these energies of reaction (for the isodesmic reaction) vs. the experimental pKa values on the same graph. Determine the equation and r2 for the best straight line for each.
Questions:

1. Do the most negative electrostatic potential values on each structure aid you in determining the most basic and the least basic structure of the list?  Can you always predict where protonation would occur based on the electrostatic potential map of the neutral substituted anilines? (consider the nitroanilines)

2. Do the electrostatic potential values on the amine nitrogen aid you in determining the most basic and the least basic structure of the list?  
3. Is there a linear correlation between the most negative electrostatic potential on each structure of the neutral substituted anilines and the pKa of their conjugate acids?

4. Is there a linear correlation between the most negative electrostatic potential on the amine nitrogen of the neutral substituted anilines and the pKa of their conjugate acids?

5. Which substituted aniline do your isodesmic reaction calculations suggest is the most basic one on the list, not considering aqueous solvation?  Does the inclusion of solvation change this?
6. Which substituted aniline do your isodesmic reaction calculations suggest is the least basic amine on the list, not considering aqueous solvation? Does the inclusion of solvation change this?
7. Is there a good linear relationship between the (gas-phase) calculated relative enthalpies of protonation (i.e., the calculated enthalpy of the isodesmic reaction) and the experimental (aqueous phase) pKa values of the conjugate acids of the anilines? What is the correlation coefficient (r2)? 
8. Is there a better correlation with pKa values when solvation effects are included in the isodesmic reaction energy? What is the correlation coefficient (r2)? Is it expected that you find a better correlation when solvation effects are included?  Explain. (hint: how are acidities and basicities usually measured?)
