CHMY 271
PRACTICE EXAM IV ANSWER KEY      
Name _______________________
Show your work for partial credit.
1.  (4 pt) PART A.  The below spectra was obtained for a PURE sample.  When the sample was prepared in D2O, the peak at 2.59 ppm disappeared.  Identify a structure that could give the following proton NMR spectra, and explain your answer.


Because one of the proton peaks disappears when prepared in D2O, it must be exchangeable.  That means that, the exchangeable proton quickly gets replaced with a D atom, which has an even mass and won’t show up in the NMR spectra.  Based on its integration of 1 and its shift at 2.59 ppm, it is likely an alcohol.  Because the Oxygen of the alcohol will deshield protons of the neighboring carbon, the doublet at 3.4 ppm probably represents those protons.  Because it is a doublet, it is probably being split by a nearby carbon with only one proton attached.  So far that gives us (R)2CH-CH2OH.  Because the peak at 0.9 ppm is shifted so far upfield, it probably represents 6 protons that are far away from the oxygen.  By allowing R to be a methyl group it gives us (CH3)2CHCH2OH, which matched all of the splitting patterns, shifts, and integrations. 
PART B.  (4 pt) From the structure above, draw a rough 13C spectra that you would expect to obtain.  Based on the structure we have (CH3)2CHCH2OH, there should be 3 distinct peaks.  The carbon closest to the oxygen will be furthest downfield at around 50-80 ppm.  The carbon that is next closest to the oxygen should be around 30-40 ppm, and the methyl carbons will overlap because they are equivalent to give a single peak at around 10-30 ppm.  Carbon NMR are usually decoupled, so there should not be any splitting, just single peaks.  
2.  (6 pt) PART A. For the following structure, predict the number of distinct signals and the splitting patterns that would appear in the 1H NMR spectra.
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There should be 6 distinct proton signals.  As labeled, the two methyl groups on the right hand side of the molecule will be equivalent, and the two singlets that they create will overlap to give one peak.

PART B.  (3 pt) Predict the number of distinct peaks that would appear in the 13C NMR spectra for the same molecule.
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There should be 8 distinct peaks
3. (12 pt) predict the identity of the following molecule given the following IR, NMR, and MS spectral data.

IR data: major peaks at 2950, 2850, and 1710 cm-1
MS data: highest intensity peak at 72 amu, highest mass peak at 98 amu.

13C NMR in pure form: 4 distinct peaks

1H NMR in pure form: quintet at 1.68 ppm with an integration of 2, multiplet at 1.80 ppm with an integration of 4, triplet at 2.23 ppm with an integration of 4.

With IR peaks below 3000, there are probably no alkene or alkyne groups.  The peak at 1710 cm-1 is a good indication that there is a C=O somewhere.  The fact that there are no peaks in the proton NMR above 2.5 ppm tells us that there are no aldehyde or carboxylic acid groups.  The most likely alternative for a compound that contains a C=O is a ketone.  The carbon NMR tells us that there are 4 distinct carbons, so come up with a ketone that has 4 carbons.  Maybe try 2-butanone, 
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.  2-butanone cannot be right though, because it is too small to ever produce an ion with a mass of 98 amu.  Also, its proton NMR would give a singlet, a triplet and a quartet.  The fact that there are 4 distinct carbon peaks DOES NOT mean that there are only 4 carbons.  There could be more as long as there is some degree of symmetry that allows for only 4 distinct peaks.  Consider then expanding the molecule but making it symmetrical as in 4-heptanone, 
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.  This molecule would give three distinct proton NMR peaks, and their splitting patterns match up with two triplets and a multiplet.  The problem is that the integrations don’t match up.  The integrations for 4-heptanone would be 6, 4, and 4, but the spectra has integrations of 2, 2, 4, so we must look at forming a ring.  
Cyclohexanone, 
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, gives the proper integrations and matches all of the data, even the molecular ion peak of 98 amu.
4. (4 pt) Part A. When an alkene undergoes an addition, how many pi bonds are broken and formed and how many sigma bonds are broken and formed?  1 pi bond is broken and one sigma bond is broken.  Two sigma bonds are formed.
Part B. When an alkene undergoes an addition reaction, does the process usually have a positive ΔS or a negative ΔS, and WHY?  It should usually be negative, because we are combining 2 compounds into one, decreasing the number of moles in the reaction giving the overall system less freedom and less entropy.

Part C.  (2 pt) Explain the difference between exothermic and exergonic.  Exothermic refers to heat energy being released during a process.  When a process is exothermic, potential energy is released during the process, because the products are lower in potential energy or more stable than the reactants.  Exothermic means that ΔH is negative for the process.  Because the sign for ΔH (potential energy change) for a process can not tell us whether the process will occur spontaneously, knowing whether ΔH is positive or negative is not as useful as knowing whether ΔG is positive or negative.  An exergonic reaction is one in which free energy is released during the process or ΔG is negative for the process.  Because ΔG includes both the entropy and the enthalpy terms, exergonic is the same as saying spontaneous.  However, how exergonic a reaction is may change with changing temperatures.
Part D.  (4 pt) Explain why addition reactions are generally exergonic.  Even though the entropy term is negative disfavoring the process, because a less stable pi bond is replaced with a more stable sigma bond, the enthalpy term being negative usually wins out making the free energy term negative and the process spontaneous or exergonic.
5.  (8 pt) Part A. Draw a reasonable mechanism for the following reaction and predict the major product(s) formed.  Explain WHY the mechanism you show is likely to occur rather than other potential mechanisms. 
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The pi electrons are loosey held and basic enough to remove a proton from the very strong acid, HBr.  The proton adds to the side of the double bond producing the more stable tertiary carbocation.  The carbocation is unstable because of the formal charge and the broken octet, so the Br-, which is a good nucleophile, adds to the flat carbocation on both the top and the bottom equally giving two products that form in equal quantity.  The two products happen to be enantiomers, so the product mixture is a racemic mixture.
Part B.  Draw a reaction coordinate diagram for the reaction in part A.  Label the reactants, the products, and any intermediates.
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The products are lowest in energy because they have all sigma bonds.  The reactants have one pi bond which is less stable because the electrons in pi bonds are generally not held closely to the nuclei.  The intermediate carbocation is higher in energy, because the formal charge is relatively unstable.  The two transition states are the least stable points, however, because they have bonds in the process of breaking and forming.
6.  (4 pt) Part A. Describe reaction conditions necessary to convert the following alkene to an alcohol in an anti-Markovnikov fashion.  Predict the major product(s) of the reaction. 
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Because the double bond is a flat structure, the BH3 will add to either side equally.  The B and the H add simultaneously, so they must add to the same side.  When the boron is replaced with an oxygen during the oxidation step, there is retention of configuration, so the O and the H should either both be on top or both on bottom.
7.  (8 pt) Part A. Give a mechanism and predict the major product of the following reaction, assuming that it is performed at 0 ˚C in the dark.
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Part B. (3 pt) How would the reaction in part A likely be affected if the temperature were too high?  If the temperature were raised, the Cl2 might break homolytically, and then there would be radical substitution reactions (see the free radical chapter) competing with the addition reaction.  You would probably get quite a mess.
8.  (4 pt) Give a detailed explanation of the role of the metal catalyst in the hydrogenation of an alkene.  The surface of the metal catalyzes the reaction by bringing the reactants close together.  The loosely held electrons of the C=C pi bond are attracted to the metal surface because the metal surface is very polarizable (the pi electrons are attracted to the positively charged nucleus of the metal).  The electrons in the H-H bond are also attracted to the metal surface.  The metal basically holds the two reactants in place allowing them to line up and react.  The metal catalyst does NOT make the products more stable and more likely to form.  It only speeds the reaction up by helping the molecules to get together and by stabilizing the T.S.  The metal likely stabilizes the T.S. by using its polarizability to stabilize electrons in movement as the bonds are breaking and forming during the transition state.
9. Part A (4 pt) Give the major products obtained in both steps of the two-step process below.
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In the first step, the methyl group with the solid wedge slightly blocks the top of the molecule, so the epoxide forms more often on the bottom of the molecule.  In the second step, the acid protonates the epoxide, and then a water attacks from the opposite side of the ring at the more substituted site, because that site can more effectively stabilize a positive charge that forms as the oxygen leaves.  That gives the major product shown.
10. (4 pt) Give the IUPAC name for the following molecule.
[image: image11.emf]
The parent chain must include the alkyne and cannot include carbons both inside and outside the ring, so the ring must be a substituent.  The longest chain including the alkyne is 9 carbons, so numbering the parent from the side the gives the alkyne the lowest number possible gives 4-nonyne for the parent chain.  That puts a methyl on carbon 2 and an ethyl on carbon 3 as well as the cyclopentyl on carbon 8.  Overall, it is 3-ethyl-2-methyl-8-cyclopentyl-4-nonyne.  Carbons 3 and 8 are also chiral centers, so if the molecule were shown with wedges and dashes, you would have to include information in the name of the molecule that designates either R or S for each chiral center.
11.  (8 pt) Fill in the reaction sequence below with necessary reagents and appropriate products at each step.
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The NH21- in the first step does two elimination reactions, and then removes the alkyne proton giving a good nucleophile alkylide.  The bromopropane acts as an electrophile, and a SN2 reaction connects the carbons with the bromide acting as a leaving group.  The dissolving metal catalyst then does a trans hydrogenation (see dissolving metal reduction).
12. (4 pt) Predict the products for the following reaction.
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The 9-BBN conditions provide a boron-hydrogen bond similar to the BH3•THF conditions giving antiMarkovnikov hydration conditions.  That gives the enol intermediate shown, which tautomerizes to give the C=O in the aldehyde that is more stable than the C=C double bond.
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