CHEM 350, Fall 2011         Principles of Organic Chemistry I Lab
Prof. T. Nalli, WSUPRIVATE 

Learning from Molecular Models I – Non-Cyclic Alkanes

Textbook Reference – Chapter 4.6-4.8
Overview
Molecular models can be very helpful for the 3-D visualization of organic molecules. The models can be manipulated (for example, bonds can be rotated) in order to mimic the types of dynamic processes the actual molecules undergo. 

Computer molecular modeling programs are not as helpful with the visualization of molecules because the display is two dimensional. However, these programs can use molecular orbital (MO) theory to predict quantitative information including bond angles, torsion angles, total energy, and distances between atoms.

In this exercise you will use molecular models to discover and learn about some of the most important concepts that allow us to predict the most stable conformation of an organic molecule. In addition, so you can check your ideas against higher level theoretical predictions, the instructor will carry out and display molecular orbital calculations for the molecules being examined.
Some Important Definitions
Conformation - A particular molecular structure that is arrived at through single bond rotation. Different conformations of a molecule are easily interconverted by single bond rotation(s).

Conformer - A conformation of a molecule that corresponds to a potential energy minimum for the molecule. Only conformers will have lifetimes appreciably longer than a molecular vibration (about 10-14 s). All other conformations can be considered as transition states for bond rotation.
Strain – Any interaction in a structure that causes it to have a higher potential energy is called strain. The difference in potential energy between any particular conformation and the lowest energy conformer of the same molecule is a measure of the amount of strain that conformation possesses.
PROCEDURES

Conformations of Ethane

Staggered Ethane.  Construct a model of ethane, CH3-CH3. Look straight down the C-C bond and rotate it until the C-H bonds in front exactly bisect the H-C-H angles of the back carbon. You now have a model of the staggered conformation of ethane. This structure can be represented on paper in a number of ways, including wedge-dash formulas and Newman projections (see next page).
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The Newman projection sights straight down the bond with the bonds off the front carbon represented by the three lines that meet in the middle of the circle. The bond off of the back carbon are represented by the lines that end at the edge of the circle. Practice drawing Newman projection and wedge/dash structures of staggered ethane in the space below. Also record the total energy as predicted from MO theory.
The angles between groups around the outside of a Newman projection describe stages of rotation of the bond being depicted and are termed “dihedral” or “torsion” angles. 

What are the torsion angles between Hs in staggered ethane? _________
Eclipsed Ethane.  Rotate the C-C bond 1/6th of a turn (60() so that all of the C-H bonds are lined up. You now have a model of the eclipsed conformation of ethane.

Draw Newman projection and wedge/dash depictions of eclipsed ethane in the space below. Also record the energy and bond angles as predicted from MO theory.
What are the torsion angles between Hs in eclipsed ethane?  _________

Eclipsed vs Staggered Ethane. 

Which conformation is strained and how much strain does it possess? _________

In which of conformation do the sigma electrons of the C-H bonds on one carbon come closer to the sigma electrons of the C-H bonds of the other carbon?  _________

Could this explain the difference in energy between the eclipsed or the staggered? _____
Use the space below to sketch a graph of relative potential energy versus the torsion angle). Start with the eclipsed conformation (torsion angle = 0() and go through one full rotation (360(). Indicate on the graph where each conformation would be found.

Which conformation of ethane can properly be referred to as a conformer? ________
Conformations of Propane
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Staggered Propane. Remove a hydrogen from the ethane model and add a CH3 group in its place. You now have a model of propane. Rotate each of the C-C bonds so that both of these bonds are staggered. A wedge/dash formula of the model should look like the figure below. 



Staggered propane





In the space to the right of the above wedge/dash formula draw a Newman projection that represents this conformation of propane. Represent the extra methyl group simply by "CH3". (Note - the Newman projection should look the same regardless of which C-C bond you sight down.) Also record the energy as predicted from MO theory.

[image: image3.wmf]H

H

H

H

H

H

H

H

Eclipsed Propane. Rotate one of the C-C bonds in this model so that it is now eclipsed. It should look like the figure below.

Eclipsed propane

In the space to the right of the above wedge/dash formula draw a Newman projection that shows the conformation around the eclipsed bond. Also record the energy as predicted from MO theory.
Eclipsed vs Staggered Propane.  Sketch a graph of energy versus torsion angle for one of the C-C bonds in propane. (Assume the other C-C bond stays staggered.) 
Which propane conformation is strained and by how much? ___________

What is a reasonable explanation for this strain? _________

Which conformation of propane is a conformer? _________
Conformations of Butane
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Make a model of butane. Rotate each of the C-C bonds so that they are all staggered and the two end CH3 groups are opposite each other. A wedge/dash formula of the model should look like the figure below. This model represents the “anti” conformation of butane. We will also refer to it as conformation A.

At left below, draw a Newman projection that shows the conformation of the bond between the center two carbons (use "CH3" to represent each of the end carbons). Also record the energy as predicted from MO theory.



A


B


C


D

Energy  ___________
___________

___________

___________

Now rotate the center C-C bond 60(. This is conformation B. Draw a Newman projection of this conformation in the appropriate location above and record the energy.
Rotate the center bond another 60( to give conformation C. This model represents the gauche conformation of butane.  As before, draw a Newman projection and record the energy.
Rotate the center bond another 60(. This is conformation D.  Once again, draw a Newman projection and record the energy.

Rotate the center bond another 60°. Is this a new conformation of butane or is it the same as one of those already examined?
Rotate the center bond another 60°. Is this a new conformation of butane or is it the same as one of those already examined?

Rotate the center bond another 60° and what do you have? ________
Sketch a graph of energy versus torsion angle for the central C-C bond in butane.
Which butane conformations are strained and by how much? ___________________

Which conformation(s) of butane is(are) conformer(s)? _________
The instructor will discuss the generally accepted explanation for the relative energies of the butane conformations. This is also discussed in Chapter 4.6-4.8 of Klein.

Conformations of some other Compounds
Now make models of and then draw a Newman projection of the gauche and anti conformers (around the C3-C4 bond) of each of the following compounds. Use the concepts learned from ethane, propane, and butane to predict approximate relative energies of each conformer. The instructor will test your predictions using MO theory. 

pentane

2 -methylpentane 

2,2-dimethylpentane


Make a model of 2,3-dimethylbutane. Look at the C2-C3 bond. There are two conformers of nearly equal stability for this molecule. Draw a Newman projection of each. Which one do you think is lower in energy and why?
More Questions

1. Compare the difference in energy between the eclipsed and staggered conformations of ethane to that of propane. Explain.

2. Propane has another possible conformation where both C-C bonds are eclipsed. (a) Predict the amount of strain present in this conformation.  (b) This “eclipsed-eclipsed” conformation is much less important than the two conformations examined previously. Why is this?

3. Look at Table 4.6 on p 4.8 of Klein. (a) Convert the energy costs seen there to kcal/mol (1 kcal = 4.184 kJ). (b) Use the instructor-provided data to calculate the “energy costs” of each type of interaction as predicted from MO theory. (c) How do the MO predictions compare to the values given in Klein? Propose explanations for any differences. 

4. Make a table or chart that compares the difference in energy (i.e., the strain) between the gauche and the anti forms of butane (C2-C3), pentane (C2-C3), 2-methylpentane (C3-C4), and 2,2-dimethylpentane (C3-C4). Describe the trend seen and attempt to elucidate the factors  that explain it through careful observation of molecular models of these compounds.
(Hint: all of these molecules are of the form, Me-CH2-CH2-R with butane having R = Me, pentane having R = Et, 2-methylpentane having R = i-Pr, and 2,2-dimethylpentane having R = t-Bu).

Methyl = “Me” = CH3
Ethyl = “Et” = CH3CH2
Isopropyl = “i-“Pr = (CH3)2CH-
tert-butyl = “t-Bu” = (CH3)3C-
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