LAB 2.  Manual Conformation Searching

1. Using Titan, create a model of 2-aminoethanol (H2NCH2CH2OH).  Perform a geometry optimization using the [(E] icon (MMFF).  Measure the N-C-C-O dihedral (torsion) angle and record both it and the energy in an Excel spreadsheet.  Save the structure. In the Builder mode ([+] icon), select the C-C bond (when selected, the bond becomes a dashed line.)  Hold the Alt key down and depress the left mouse button while moving the mouse up and down to rotate the bond.  Rotate the bond so that the N-C-C-O dihedral angle is approximately 0º.  Under Geometry, select Constrain Dihedral, then select the dihedral angle by left clicking (in order) on the four atoms O, C, C, and N, then clicking on the pink “padlock” icon at the lower right corner of the screen, typing the desired (0.0º) dihedral angle in the dialog box, and hitting the Enter key to “lock” in the value. Perform a constrained geometry optimization calculation on this conformation using the Merck molecular mechanics (MMFF) method.  (Be sure each time before you start a calculation that the box next to “constraints” is checked). Display the Output file, and scroll down to the energy value. Copy this value into an Excel spreadsheet next to the dihedral angle. Under Geometry, select Constrain Dihedral, and click on the middle of the dihedral restraint on the constrained bond of the model. When the pink “locked padlock” is displayed at the lower right of the screen, change the value of the dihedral angle in the dialog box by 30º, hit “Enter” and repeat the constrained geometry optimization calculation, copying the energy into the Excel spreasdsheet. Continue to change the dihedral angle by 30º increments and performing constrained geometry optimizations until you have rotated the bond 360º.

2. Repeat the above constrained geometry optimization process using the SYBYL molecular mechanics forcefield. Enter your data in a separate column of the same spreadsheet.

3. Again repeat the process of performing a constrained geometry optimization calculation, but this time use the PM3 semi-empirical method in Titan being sure that the charge is set to 0 and the spin multiplicity set to 1.  Record the PM3 energy data in a different column of the same Excel spreadsheet that contains the MMFF and SYBYL data. Repeat this process in 30º increments as before until you have rotated the bond 360º.  In Excel, determine the energy of each conformation relative to the lowest energy (of that set) by subtracting from each value the minimum energy value (of that set).  This makes all values positive.  Do this for MMFF, SYBYL and PM3.  Graph all three sets of relative energy data as separate scatter plots (with smooth curves connecting the data points) on the same graph in Excel.  
4. Compare the curves.  How can you account for the major differences?  Is intramolecular H-bonding likely in the minimum energy conformers?  Manually create models of conformers in Titan that you think are ideally “set up” for H-bonding and repeat the calculations (using all three methods, as above) but this time you should perform (unconstrained) geometry optimizations. Compare these unconstrained optimized energies to your previous results. Copy at least one view of the optimized geometry from each method into your report, and describe the lowest energy conformation in words. Which atom (N or O) is a better H-bond acceptor (i.e., electron pair donor) according to your calculations?

