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1. (16 points) Provide correct IUPAC names for the following compounds.

bicyclo[3.3.0]octane

   3-Ethyl-6-methyloctane

1-Ethyl-5-(1,1-dimethylpropyl)-2-
methylcycloheptane

b.  Draw a correct structural representation for the following compound.
5-(1,2,2-trimethylpropyl)nonane

2. (8 points)  Draw the simple molecular orbital diagram for the formation of the pi portion of a
carbon-carbon double bond.  Use an energy scale to show how the starting atomic orbitals combine
to form the molecular orbital(s).  Show how you can relate the bond energy of the pi bond to your
diagram.

E

2∆E= pi bond energy



3. (14 points)  The following tri-substituted cyclohexane exists as a 1:1 mixture of two chair
conformations at room temperature. Draw clear representations of these two chair conformations and
label all of the axial and equatorial substituents.

X

CH3

CH3

CH3

CH3

XH3C
H3C

X

axial

equatorial

Using this information predict the difference in energy between the two chair conformations of the
mono-X substituted cyclohexane. Show all your work and any assumptions.

X

Since 1:1 mixture (K=1), ∆G=0, so the two chair forms of the tri-
subsitututed cyclohexanes have the same energy.
Strain energy of left chair = 1 gauche + X (axial interaction)
Strain energy of right chair = 4 gauche

Equating and subsituting 0.9 kcal/mol for each gauche leads to
0.9 + X(axial interaction energy) = 4(0.9)
X(axial interaction energy)= 2.7 kcal/mol

So the chair of the mono-X substitututed cyclohexane is 2.7 kcal/mol less stable than
when X is equatorial.
X

X

2.7 kcal/mol 0.0 kcal/mol

4. (6 points) Write the chemical transformation corresponding to homolytic bond dissociation.
Use an energy level diagram to illustrate Bond Dissociation Energy (Enthalpy) on the scale.



A-B     A. + B.     ∆H= bond dissociation enthalpy (BDE)

A-B

E

A + B

∆E=BDE

5.  (8 Points)  Carbon monoxide (CO) has a small dipole moment (0.1 D) while formaldehyde
(CH2O) has a large dipole moment (2.3 D). The direction of the dipole moment in formaldehyde is
opposite to that observed in carbon monoxide. Draw all the resonance structures for carbon
monoxide and qualitatively (i.e. no numbers needed) assign their importance (major, minor) to the
resonance hybrid to explain this information.
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A normal C=O bond like in CH2O has a significant contribution from the dipolar
structure corresponding to the third resonance structure show above. This generates a
large dipole moment from C to O. However in CO, the diple moment direction is small
and in the reverse direction. This means that the third structure doesn't contribute to
the overall resonance hybride while the second structure contributes a small amount
(based on the small dipole moment). So the major resonance form is the first.



6. (12 Points) Use the "curved arrow formalism" to show the following reactions between an
electrophile and nucleophile.
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7.  (9 Points)  Write the best Lewis structure for the following molecules and show all formal
charges, if any.

a). CF2
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8.  (7 Points)  Consider the two isomeric compounds below.  The enthalpy of formation of A is -2.0
kcal/mol and the enthalpy of formation of B is 15.0 kcal/mol. Which compound is more stable, and
what is the difference in enthalpy between the two?

A B  A is more stable by 17.0 kcal/mol

From an analysis of the conformations of each compound suggest the reason(s) for the
difference in stability of the two compounds.

Inspection of molecular models reveals that there is much greater ring strain in B. The
six-membered ring is highly distorted and there is a much greater interaction between
the CH2 groups and the cyclopropane ring in B than in A.

9. (12 points) Clearly draw the following structures

a. A Newman projection along the 2-3 C-C bond showing the lowest energy conformation of 3-
ethyl-2-methylpentane

CH3

H

H3C
H

H3CH2C CH2CH3

b. A Newman projection along one of the C-C bonds in the highest energy conformation of
cyclobutane.
H CH2

H

CH2

H

H

(eclipsed)

c. A Newman projection along the central C-C bond of cis-decalin in it's most stable
conformation.

H

H

H

H2C CH2

H

CH2

H2C

d. Draw an example of a molecule that has eclipsing C-H bonds in it's lowest energy
conformation.



10. (8 points)  Methanesulfonic acid, CH3SO3H, has a pKa of −7 while ethanol, CH3CH2OH, has
a pKa of 15.9.  Which of the two is the stronger acid and what accounts for this large difference in
acidity?

Since pKa=-log [H+], the smaller (or more negative) the value of pKa, the stronger the
acid. So CH3SO3H is a much stronger acid. The conjugate base is much more stable
than that of CH3CH2OH because the negative charge can be delocalized over three
oxygen atoms.

b. Would you predict trifluoromethanesulfonic acid, CF3SO3H, to be a stronger or
weaker acid than methanesulfonic acid, CH3SO3H ?  Explain your reasoning.

CF3SO3H will be the stronger acid because the conjugate base will be more stable.
The fluorine atoms will help to remove electron density by their great
electronegativity.


