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Question 1 (14 pts.)  Give the IUPAC  name for the following. Specify stereochemistry 
as appropriate.

Ph

Cl

Question 3 (28 pts) Give a curved arrow mechanism for the following reaction. Label the Lewis 
and Bronsted acid/base for each intermolecular step. GIVE THE NUMBER OF SETS OF 
INTERMEDIATES AND THE NUMBER OF TRANSITION STATES for your mechanism.

HBr Br

# of sets of intermediates ____________
# of transition states ____________

Question 12 (20 pts.)   For the following two structures, assign absolute configuration 
(R or S) to all chiral (asymmetric) centers, state whether the two structures are a pair 
of enantiomers, a pair of diastereomers or the same thing drawn two different ways, 
and identify any meso compounds.

CO2H

HO2C
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a)  Give a curved arrow mechanism for the following reaction. Where appropriate, label the 
Lewis acid and Lewis base in each step, and whether they are also Brønsted acids and 
bases, include all resonance contributors as appropriate.

b)  Draw a properly labelled reaction energy diagram for this reaction and on the diagram...
1. indicate the positions of each of the intermediates
2. include the positions of the transition states but do NOT draw any transition states
3. Clearly indicate the activation energy for every mechanistic step, and clearly indicate 
the rate determining step
4. Clearly indicate the reaction exothermicity

Question 4 (34 pts.).

MeOH
Br heat

OMe
clearly indicate the rate determining step!!
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Question 7 (20 pts.).  Indicate whether you would expect each reaction to be SN1, SN2, E1 or E2 
and give the major organic product(s), paying attention to all possible stereoisomers. State 
whether a solution of the product(s) would be optically active and give a brief justification.

Cl

CH3O– +Na

DMF
a)

b)

Br
MeOH
heat
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Question 8 (63 pts.)  Give the missing major ORGANIC PRODUCT for each reaction
a) Show all stereochemistry as appropriate, identify any MESO compounds
b) Briefly explain whether and why a solution of the product would be optically active or not
c) assign each reaction as addition, elimination, substitution or rearrangement

a)

b)

c)

e)

f)

g) 1 Equiv. Na+ –OMe
Br

DMF
Br

NBS

hν

Ph

Br2

CCl4

Ph

1. H2O/Hg(OAc)2

2. NaBH4

1. BH3.THF

2. H2O2/ –OH

Br

boil

MeOH

(give the elimination product)
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A

B

Ph

Br

Ph

Br

acetone

Question 9 (24 pts.) Assign the following reactions as SN1, SN2, E1 or E2 and give a brief 
explanation for your choice. Draw an energy diagram with properly labelled axes for both 
reactions ON THE SAME DIAGRAM (assume both are exothermic). Normalize your energy 
diagrams at the transition states. Include the activation energy for both reactions on the 
diagram. Explain which reaction will be faster and give a brief explanation that includes the term 
"energy of the electrons".

Na+  –OMe

Na+  –OMe

Ph

Ph

MeOH
+   MeOH   +   Br–

+   MeOH   +   Br–

Extra Credit (5 pts.)  Which of the following drugs resulted in terrible birth defects in Europe 
in the 1960s?

ibuprofen                       thalidomide                ketamine                  thebaine

MeO

MeO
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Question 10 (30 pts.)  For the following Bronsted acid/base reaction (not all H atoms are included 
in the provided structures
a) Label the STRONGER acid/base and the WEAKER acid/base on EACH side
b) Indicate which reaction would be faster, left to right or right to left
c) Indicate on which side the equilibrium will lie
d) Indicate which acid has the smaller and which the larger pKa
e Give a BRIEF explanation for your choice of stronger/weaker Bronsted acids/bases that includes 
drawings of ALL relevant resonance contributors
f) Give a reaction energy diagram that includes the activation energy for reaction in BOTH directions
g) draw the transition state for the reaction

+

O O

H

+

O

H

O
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Ψ for the C–O π∗ orbital

C O
H

H

Question 12 (20 pts.)  For the localized molecular orbitals indicated, draw a picture of the Ψ or 
Ψ2 as requested, directly ON TOP of the structures. In each case also give the atomic 
orbitals that are used to "build" the molecular orbitals. All non-bonding electrons are 
shown. Indicate the positions of any nodes for the Ψ. Indicate where the probability of 
finding the electrons is zero for the Ψ2.

Ψ for the C–O σ orbital

C C

H

H
Oa) b)

Question 13 (20 pts).  Classify the following reactions as substitution, elimination, addition or 
rearrangement. Which reaction would be faster? Give a BRIEF one-sentence explanation that 
includes the term "rate determining step" and "Hammond postulate".

Br
MeOH

heat

OMe
A

Br
MeOH
heat

OMe
B

O

Question 11 (16 pts.)  For the following compound, rank the pairs of electrons indicated as A, B, 
and C in order of INCREASING energy, give a BRIEF explanation.

<
lowest

<
highest

A
(these 

nonbonding 
electrons)

B
(electrons in
this π bond)

C
(electrons in 

this C–C
σ bond)
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6H

1H
(multiplet)

1H

2H

2H

a) Give the degrees of unsaturation    ________________

Question 14 (26 pts)  Provided are spectra for a compound with molecular formula C5H12O

b) On the infrared spectrum, indicate which peaks correspond to which functional groups

c) draw the structure and clearly indicate which hydrogens correspond to which
signals in the proton nmr spectrum (only)

2938

2892

2945

3309

10031479

991

1091

1399

1382


