CHMY 271
PRACTICE EXAM II ANSWER KEY     

Name _______________________
Show your work for partial credit.
1. (8 pt) Draw 4 relatively stable constitutional isomers for C5H10O2.

[image: image14.wmf]
There are many more stable isomers.  Each has the same number of Carbons, Hydrogens, and Oxygens.  They all also have no formal charge, so they should be relatively stable.
2.  (8 pt) Part A.  Give reasonable names for the following compounds.
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 Parent name = cyclohexane




Substituents = 3-isopropyl



1-methyl


1-butyl



5-neopentyl

Name= 1-butyl-3-isopropyl-1-methyl-5-neopentylcyclohexane

[image: image11.wmf]Parent name = octane
Substituents = 
3-tertbutyl  or 3-(2,2-dimethylethyl)


4-cyclopentyl
Name = 3-tertbutyl-4-cyclopentyloctane
3. Part A. (4 pt) Describe what angle strain is in your own words.  When an atom is involved in covalent bonding, the bonds, which are pairs of negatively charged electrons, repel one another and spread out as much as possible.  For an atom of Carbon that has 4 bonds, for all four groups of electrons to spread out as much as possible, they adopt a tetrahedral arrangement with angles of about 109 degrees.  If any of the angles become less than 109 degrees though, then the electrons in the bonds get much closer together and the added repulsion makes the molecule less stable. 

Part B. (4 pt) Describe what torsional strain is in your own words.  Like angle strain, torsional strain involves instability due to elecrons pairs that are too close repelling one another.  Angle strain results when electron pairs on the same atom repel.  However, torsional strain results when electron pairs on adjacent atoms repel.  Torsional strain results when groups on adjacent carbons rotate into a position where they are eclipsing in a Newman projection.  Another way to describe it is to say that torsional strain or eclipsing repulsion occurs when the dihedral angle is zero.  Because the electron pairs involved in the repulsion are not as close to one another, torsional strain is often not as powerful a force as angle strain is.  See the diagram below.
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4.  (6 pt) Part A.  Draw Newman projections for all of the staggered conformations for butane, and circle the one that is the lowest in energy.
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5.  (5 pt) Part A.  Explain IN DETAIL why the bond angles in cyclobutane are 88 degrees rather than 90 degrees.  Use drawings if it helps you to explain.  If the 4 carbon atoms of cyclobutane were all on the same plane, the angles would be 90 degrees, which has less angle strain then 88 degrees.  Instead, the molecule adopts a conformation with more angle strain (angles even further from the ideal of 109 degrees).  This occurs because it allows the molecule to relieve some torsional strain, and the angle of 88 degrees is not much less stable than 90 degrees.  If the 4 carbon ring were flat, all of the H atoms would be completely eclipsed, and there would be maximum torsional strain, which is not as stable as the slightly puckered ring that results when you have 88 degree angles.

Part B.  (8 pt)  Which would have a higher heat of combustion, cis-1,3-dimethylcyclohexane or cis-1,4-dimethylcyclohexane, and WHY?  Use drawings of the chair conformations if it helps you to explain.  Combustion involves breaking relatively stable C-C bonds and C-H bonds as well as breaking some less stable O=O bonds but then forming very stable C=O bonds and relatively stable O-H bonds.  There is a net change where upon combustion, the bonds overall are much more stable or lower in potential energy.  Because that process has a decrease in potential energy, that potential energy is converted to kinetic energy.  So, a higher heat of combustion implies that the molecule is less stable to begin with, because it has a lot of potential energy that it will release upon combustion.  So, the higher energy molecule with more strain or sterics will be the one with the higher heat of combustion.  Cis-1,4-dimethylcyclohexane is less stable, higher in energy, and should have a higher heat of combustion.  No matter how the ring flips, in its lowest energy chair form, cis-1,4-dimethylcyclohexane will always have one methyl group in an axial position, which causes a lot of 1,3-diaxial strain (steric repulsion between axial groups).  That makes it less stable than the other isomer that can put both methyl groups in equatorial positions.  Thus, the cis-1,4 will release more energy upon combustion giving it a higher heat of combustion.  See figure below.
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6. Part A. (4 pt) Draw bond-line structures for the two molecules below.  Use solid and dashed wedges where appropriate.
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By numbering the carbons in the Newman projection, you can see that it is 4-methylheptane.  Both structures have the same connections and have the exact same IUPAC name, so they are identical.  The only difference is the rotational conformation of the groups.  Another way to make the analysis would be to rotate groups on one molecule until it looks exactly the same as the other molecule.  If you rotate the front group on the C3-C4 axis 60 degrees counterclockwise and rotate the back group clockwise 60 degrees and then flip the bond between C6 and C7, the left structure will look exactly the same as the right structure.  If one molecule can be converted into another by rotating bonds without breaking or forming bonds, then they are rotational conformers.
Part B.  (4 pt) Are the two molecules above constitutional isomers or just different rotational conformations of the same molecule?  EXPLAIN.  Answered and explained in Part A.
7. (3 pt) Part A.  Label all of the stereoegnic centers in the following molecule with a star.  There is only one stereocenter.
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Part B.  (3 pt)  Is the molecule chiral or achiral?  It is chiral.  Any molecule that has only one stereocenter will not have a mirror plane and will be chiral or not identical to its mirror image.  You can always check this by drawing the mirror image and showing that it cannot be superimposed on the original molecule.
Part C.  (4 pt)  Name the molecule.  Be sure to use the appropriate R or S nomenclature.  The main chain is hexane.  The substituents are 2-methyl and 4-methyl.  The methyl in the 4 position has an R configuration, so the name should be: (R)-2,4-dimethylhexane.
Part D.  (3 pt)  Circle the following molecule(s) that is (are) identical to the one in part A.  Draw a box around any molecule that is an enantiomer of the one in part A.  Draw a triangle around any molecule that is a diastereomer of the one in part A.
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This is best answered by making models of each molecule and rotating around the bonds to show that the molecules are either superimposible (identical), non-superimposible mirror images (enantiomers), or neither superimposible nor mirror images (diastereomers).
8. (4 pt) Part A.  Describe one way in which you can determine if a molecule is chiral.  If no mirror plane of symmetry exists within the molecule, it is chiral.  If a mirror plane can be used to cut the molecule so that one side of the molecule is the mirror image of the other, than the molecule is achiral.  By definition, a chiral molecules is not superimposible upon its mirror image, so to test if a molecule is chiral, the most sure-fire way is to make a model of the compound, then make a model that is the mirror image of the molecule.  Now, with both models in hand, rotate them and flip them in space to see if they are superimposible.  If they are, then the molecule is not chiral.  If they are not, then the molecule is chiral, and you have a pair of enantiomers in your hands.
9.  (4 pt) If you had a sample of a compound that you knew was chiral, how could you experimentally determine whether it was pure or if it was a racemic mixture?  Measure its optical rotation of plane polarized light.  If the optical rotation is zero, then it is either achiral or a racemic mixture.  If some optical rotation is observed for the sample, then there is at least some excess of a chiral compound present.
10.  (10 pt) Draw all of the possible stereoisomers for the the following molecule.  Label any isomer that is an enantiomer of the molecule. 
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By changing the configuration at each chiral center in every possible combination, we get all stereoisomers.  Only the one where each chiral center has the opposite configuration from the original molecules is the enantiomer.  Also, note the total number of isomers equals the number of chiral centers squared or n2 where n=3 because there are 3 chiral centers, so 32=8.

11.  (4 pt) If you had a mixture of two molecules that are enantiomers of one another, how could you experimentally determine the enantiomeric excess? To get %ee, you need to know the optical rotation of the pure enantiomer.  You would have to get the one of the enantiomers pure, and measure its optical rotation.  Then, you could also measure the optical rotation of the mixture, which goes on top of the fraction in the formula below.  Use formula to then calculate %ee. [image: image9.png]lobserved [a]
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12.  (4 pt) Label each of the following thermodynamic terms as representing either a reaction that is product favored or reactant favored at equilibrium.

a)  ΔG°= 4.3 kJ/mol
 


 reactant favored

b) Keq = 430.     



Product favored

c) exothermic and ΔS°sys=150 J/molK         
product favored

d) ΔS°univers = -34J/molK


reactant favored

Be prepared to explain why.

13.  (6 pt) Rank the following compounds in order of increasing nucleophilicity, and explain your answer.  BH3, OH-, CH3-, H2O.  strongest CH3- > OH- > H2O > BH3 weakest.  A nucleophile must have a pair of electrons readily available for sharing with a carbon nucleus.  The more unstable the nucleophile is, the more it needs to share its pair of electrons to become stable, the stronger of a nucleophile it is.  Because OH- and CH3- have negative formal charge, they are somewhat unstable, but because the oxygen has more protons to stabilize the negative charge, the CH3- is the least stable and the strongest nucleophile.  Water has two available pairs of electrons for sharing, so it can act as a nucleophile, but if it were to share it would take on a formal positive charge and become less stable, so it is not very likely to share and it is a weak nucleophile.  BH3 has no available pair of electrons for sharing, so it is NOT a nucleophile at all.

14.  (4 pt) Explain why I- is a better nucleophile than F- in an aqueous solution.  I is a much larger atom so it can spread the charge out much better.  It also has many more protons, so the imbalance of charge is a very low percentage of the overall charge.  The F has one extra negative out of 10 negatives making the imbalance roughly 10%.  The I has one extra negative out of 54 negatives making the imbalance more like 2%.  Because the F- is less balanced, and more unstable, it could act as a stronger nucleophile, yet the key to answering this question is to recognize that it is aqueous solution.  In water, because the F- is smaller and less stable, it interacts with the solvent molecules through much stronger ion-dipole attractions.  The water molecules are strongly attracted to the F- “solvating” it, forming something of a shield around it preventing it from reacting easily with an electrophile.  The I- is much less effectively shielded or solvated by the water, so although it is a larger atom and more inherently self-stabilizing, it is more free to react with an electrophile in water.
15.  (14 pt) Fill in appropriate curved mechanism arrows, product, and/or labels for the following reactions.  Some may have MULTIPLE steps.  Labels you should use include proton transfer, nucleophilic attack, loss of leaving group, and carbocation rearrangement.
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