CHMY 271
PRACTICE EXAM III ANSWER KEY      
Name _______________________
Show your work for partial credit.
1. (4 pt) PART A.  Predict the products for the following substitution reaction
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PART B.  (4 pt)  Give a reasonable rate law equation for the above reaction.  Is the reaction SN1 or SN2?  Because the leaving group is attached to a primary carbon, it cannot leave first and create an unstable primary carbocation.  Instead, it must wait for the nucleophile to approach so that it can leave as the nucleophile comes in by an SN2 mechanism.  Because it is SN2, and everything is happening in one step, both reactants must be involved in the rate determining step, so the rate would be increased by an increase in the concentration of either reactant.  In other word, the rate is dependent upon the concentration of both reactants.  Rate = k [(CH3)3CCH2CH2Br][-OCH2CH3].
PART C.  (6 pt)  Draw a reasonable reaction coordinate energy diagram for the above reaction.  Label the reactants and the products.  Is the reaction endothermic or exothermic.  Draw a picture of any transition states involved.


[image: image2.emf]O

-1/2

reactants

products

H

H

Br-1/2

T.S. =

T.S.

Exothermic


It is exothermic because the products have a formal charge on the Br, which can be much better stabilized and lower in energy than when it is on the oxygen.  Even though oxygen is more electronegative, the Br is a much larger atom so it can spread the charge out much better with less of an imbalanced charge ratio.  The T.S. is very unstable because the atoms involved in breaking and forming bond have partially broken and partially formed bonds making their octets incomplete.

Part D.  Suggest an appropriate solvent for the reaction in part A, and describe in as much detail as possible the role played by the solvent in a substitution reaction and WHY you chose the solvent you did.  Given that the electrophilic site is on a primary carbon, the reaction must proceed by SN2, so to promote an SN2 reaction, the best solvent should be a polar aprotic solvent such as acetone, DMF, or DMSO.  A polar solvent is needed to stabilize the partial charges that form during the transition state allowing the reaction to go through a lower energy transition state and increasing the rate of reaction.  An aprotic solvent will form weaker attractions with the negative charge of the nucleophile than a protic solvent would form, so an aprotic solvent allows for the nucleophiile to be more free to attack more readily, and this increases the rate of reaction because the nucleophile is attacking in the rate determining step.
2.  (3 pt) Explain why the following reaction would not yield the given product .


[image: image3.emf]OH

NaBr

Br


The reaction will not yield the product because it will be endergonic (thermodynamic term).  If the Br- of the NaBr displaces the OH group, it will produce OH-, which is more unstable with its formal negative charge on such a small atom.  The reaction is unlikely to spontaneously produce a state with less stability or higher energy unless there is some huge amount of entropy gained by the process, which does not seem to be the case here, so we can predict that this process is reactant favored thermodynamically.  Because it is unstable with a negative charge, the OH is a poor leaving group.  It will not leave unless we make it a better leaving group possibly by adding an acid.
3.  (6 pt) Explain why alcohols are generally more soluble in water than ethers and also more acidic than ethers.  Alcohols can form more H-bonds with water making them more soluble in general (see figure below showing maximum number of H-bonds that can form for each type of molecule with waters surrounding it).  Alcohols also have a proton directly attached to a highly electronegative oxygen making that proton somewhat susceptible to being removed by a base.  If the proton were removed from the OH of an alcohol, the resulting conjugate base would have a negative formal charge on an oxygen, which is not terribly stable, but stable enough to form in small amounts in aqueous solution.  For an ether, all of the H atoms are attached to carbons, which means if they were to be removed by a base, a negative formal charge would be produced on a carbon, which is very unstable, and does not form in significant amounts in aqueous solution.
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4.  (5 pt) Give the major product(s) expected in the below reaction and DRAW A MECHANISM for the reaction.
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5.  (8 pt) Part A.  Assuming you had access to any alkyl halide or alcohol with 6 carbons or less and any inorganic reagents, design a synthesis for the following ether, and draw the mechanism for your synthesis.
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Using a Williamson Ether synthesis as a guideline, phenol must first be treated with a base to make phenoxide, which is stabilized by resonance.  The phenoxide then acts as a nucleophile.  Once its formed, the phenoxide must be treated with an isobutyl halide such as isobutyl bromide.  Because the bromide is on a primary carbon, it will wait until the phenoxide attacks in an SN2 mechanism forming the desired ether.
6.  (9 pt) Give a mechanism for the following reaction, and predicts the major product(s).
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The ring should open up before the Br- attacks because it is a good leaving group, and it produces a tertiary carbocation.
7.  (8 pt) Give the major product for each of the following reactions, and explain why the products are not the same.
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8.  (6 pt) Part A. Describe an experiment you could do for the following reaction to determine its mechanism, and predict what the mechanism would be, SN1, SN2, E1 or E2.  
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Because the major product clearly results from an elimination rather than a substitution, we can immediately rule out SN1 and SN2.  Analysis of the major products in the lab would allow us to make that determination.  Because the leaving group is attached to a primary carbon, we know that is cannot leave first by an E1 mechanism, so the answer must be E2.  That suggests that both reactants react together in one step.  To confirm this prediction experimentally, we could set un an experiment to measure the rate of the reaction with different concentrations of reactants.  We would expect to see the initial rate double when the concentration of the alkyl halide is doubled and also when the concentration of the tert-butoxide is doubled.
9.  (4 pt) Label the following as either E or Z alkenes.
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Groups in blue are the higher priority groups (based on atomic number).  When the higher priority groups are on the same side, it is Z, when they are on opposite sides, it is E.
10.  (6 pt) Rank the following in order of increasing heat of hydrogenation, and explain WHY?
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Hydrogenation is the process of adding hydrogen atoms.  If you have a C=C bond, this site of unsaturation has the potential to bond with more H atoms, so if H2 is added, one H atom will bond to each carbon resulting in an alkane where the bonds are all sigma bonds rather than having a pi bond.  Because sigma bonds involve electron pairs being held mostly directly between the nuclei of the atoms, those electrons form more attractions and are more stable in a sigma bond than in a pi bond in general.  So, the hydrogenation process is exothermic.  It releases potential energy as the potential energy goes down when the electrons involved are held in a more stable way.  Higher heat of hydrogenation means that more heat is released when H-H is added across the C=C.  More heat is released when the alkene is less stable (higher in potential energy to begin with), because it has more energy stored that it is capable of releasing.  The more substituted the C=C is with carbon groups, the more stable it is and the lower its heat of hydrogenation.  This means that C is the least stable and D is the most stable.  Between A and B, because A is the Z isomer, it should have more steric repulsion and be slightly less stable having a slightly higher heat of hydrogenation than B.
11.  (6 pt) If the following alkyl halide were to undergo elimination, predict the major product in each case, and explain your answer.  You do not need to draw out the mechanism, but knowing the mechanism will help you to predict reasonable products.


[image: image12.emf]Br

Br

ONa

OH

ONa

OH

Themoresubstitutedandthusmorestablealkeneisformed,becauseitismore

stable.Theethoxideissmallenoughtoremoveanyofthebetahydrogens,butit

removeswhichevergivesthemorestableproductalsoinvolvingthemorestable

TSduringtheprotontransferstepthatdeterminesregiochemicaloutcome.

Thelesssubstitutedandlessstablealkeneisformeddespitebeingless

stable,becauseitformsthroughalowerenergyTS.Withsuchabulkybase,

itcreatesstericrepulsionifitattacksahinderedbetahydrogen,sotoavoid

thatrepulsion,itprimarilygoesforthebetaHatomthatismoreavailable.


12.  (7 pt) Part A.  What conditions would you use for the dehydration of isopropanol, and WHY?  Draw a mechanism for the reaction you outlined, and label your mechanism as E1 or E2.  You need an acid to make the alcohol into a good (water) leaving group.  The acid you choose should not produce a conjugate base that is a good nucleophile, or you may get substitution rather than the desired elimination (dehydration).  You should probably also add a very small amount of water to act as a weak base by removing the hydrogen atom on the adjacent carbon.  Concentrated aqueous sulfuric acid is a good bet.   You don’t want a lot of water, because water is a product.  Adding a lot of it would shift the equilibrium back toward the reactant side by Le Chatliers principle.
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13.  (6 pt) Give the major product formed if the following compound were to undergo acid catalyzed dehydration, and give a mechanism.
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14. (4 pt) Rank the following types of radiation from highest energy to lowest.  Explain your answer.

UV, IR, Radio.  Highest UV > IR > radio lowest.  Because all light travels at the same speed, light waves that have a shorter distance between waves (wavelength) have their energy packets tightly packed together and are higher in energy.  UV has the lowest wavelength, so it is highest in energy, then IR, then radio waves.

15. (4 pt) Describe in detail the ways in which IR radiation excited molecules and how that gives information about the structure of the molecules.  When bonds are stuck by IR radiation, if the radiation is of just the right energy, it will be absorbed by the bond.  The bond will either vibrate in a stretching motion or in a bending or wagging motion.  A detector is used to see how much energy travels through the sample, and when the energy is absorbed to create the vibrating motion, it does not travel through the sample.  It is absorbed by the sample.  The energies of IR radiation that are absorbed and don’t pass through give you information about the types of bonds that are present, because each different type of bond vibrates in its own way absorbing slightly different frequencies or wavelengths of light in the IR range. 

16. (4 pt) Which type of vibration is usually the highest frequency, bending or stretching, and WHY?  Bonds usually exist at very specific lengths.  When electrons are shared between two atoms, if the atoms get too close together, then the nuclei get too close together causing a lot of repulsion between the positive charges.  If the atoms are too far apart, then they cannot effectively share the electrons to fulfill their octets making them very unstable.  It also takes a lot of energy to pull the atoms apart because they are held together with decently strong force (the attraction of two fully negatively charged electrons attracting the fully positively charged protons).  Vibrational stretching of a bond requires that the bond length be distorted.  That requires a significant amount of energy because bond lengths are optimized.  To promote high energy stretching requires a higher frequency light be absorbed.  Bond bending only changes the angles of bonds slightly creating some angle strain, which is significant due to repelling electron pairs around the same atom, but usually does not require as much energy as stretching.

17. (4 pt) What is special about the wavenumber (frequency) cut off of 3000 cm-1?  The bonds that absorb IR light to cause stretching in the area right around 3000 cm-1 are C-H sigma bonds.  These are fairly strong bonds, so high energy light around 3000 cm-1 is necessary to stretch them.  If higher frequencies just above 3000 cm-1 are absorbed by the molecule, then the molecule must have bonds that are even stronger in energy than the typical C-H bond (C-H bonds formed by overlapping the 1s of a H atom with an sp2 or sp orbital of a C atom).  If lower frequencies just below 3000 cm-1 are absorbed by the molecule, then the molecule must have bonds that require less energy to stretch (slightly weaker bonds formed by overlapping the 1s of a H atom with an sp3 orbital of a C atom).  Depending on the C atom’s hybridization, its atomic orbital overlapping with the H atom’s 1s will be either a bit more compact or a bit more elongated.  When it is compact as in an sp orbital, it holds the electrons closer, and that bond is harder to stretch (requires more energy above 3000 cm-1 to stretch).
18. (4 pt) Give characteristic frequencies for the following molecule. 
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19. PART A. (4 pt) If the molecule below were analyzed by mass spec, what would be the expected mass for the molecular ion peak?  
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The molecular ion is produced when an electron is knocked out of the molecule, so the mass of the molecule, which is 140.2 amu, should be the same mass as the molecular ion.

PART B. If the molecular ion peak were not observed, give a rational to explain such an observation.  Its possible that when the molecular ion is produced it is especially unstable, and it fragments immediately upon forming, it may not be observed in the spectrum.

PART C. Explain how the following molecules could be differentiated using IR and MS techniques: pentane vs. neopentane.  For IR, they will be very difficult to distinguish because they both have all of the same type of bonds, C-C and C-H.  For MS, because they have the same mass, they will have the same molecular ion, but the fragmenting will be different.  If the fragmenting pattern can be matched to known MS spectra for the molecules, they can easily be distinguished.

20. (5 pt) Name the following molecule.  
[image: image17.emf]
Use the 5-carbon chain outside the ring as the parent, because it contains the alkene group, it will be easier to name the cyclohexane as a substituent.  So, the parent is 2-pentene, and there is a cyclohexyl on carbon 2 and two methyl groups on carbon 4.  Overall it is 2-cyclohexyl-4,4-dimethyl-2-pentene.  Also, because of the stereochemical considerations involved with the alkene group, it must be labeled as either E or Z.  The two priority groups are on opposite sides of the alkene, so the full name should be (E)-2-cyclohexyl-4,4-dimethyl-2-pentene
21.  (6 pt) Part A. Rank the following molecules in order of increasing heat of combustion.  EXPLAIN your answer.
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Because they have equal numbers of carbons and equal numbers of pi and signma bonds, they will be similar in energy; however the ones slightly higher in energy will release more upon combustion and thus have a greater heat of combustion.  Higher energy or lower stability results when double bonds are less substituted with carbons or when there is a lot of steric hindrance.  C is the highest energy because it has only two carbon groups substituted on its double bond.  B is just slightly higher in energy than A, because it is a bit more hindered.  
Part B. (3 pt) Where appropriate, label the above molecules as either E or Z.  A is E.  B is Z.  C is E
22. (6 pt) For the following molecule draw a 3D representation of the transition state that the molecule would go through during an E2 mechanism with a  generic base, and predict the major and minor (if present) products.  
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If it undergoes E2, it is one step and must go through a transition state where the leaving group and the beta proton being removed are positioned anti-periplanar.
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Note that the product is the Z isomer rather than the more stable E, because the larger groups are on the same side of the molecule during the TS, they end up on the same side of the double bond in the molecule.  This reaction is stereospecific, because only one specific stereoisomer is formed.  
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