
Chemistry 30A     Summer 2003       Exam 2     Solutions
Statistics: High = 95, Average = 65.3, Low = 18

Standard Deviation = Irrelevant as it does not control grade distribution in this
class.

A note about exam keys: The answers presented here are usually significantly longer than
expected from a student taking the exam.  An exam key serves not only to reveal what
was expected, but to serve as an instructional archive for current and future students as
well.

Exam key posted 11 AM, Friday, July 17, 2003

To see the current course grade cutoffs consults “If Grades Were Assigned Today”
at the Chem 30A web site.
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2. Transition state: The highest energy structure along the reaction coordinate of any
mechanism step.

3. k = Aoe
(-∆G‡/RT)

4. Transition state structure controls transition state energy, ∆G‡.  As can be see from
the Arrhenius equation in the previous question, reaction rate is inversely and
exponentially related to ∆G‡.  Higher ∆G‡ (a less stable transition state) corresponds
to lower reaction rate.
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7. None of these will undergo SN2.
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8. 
H N(CH3)2
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9. CH3(CH2)4CH3

10. CH3OH

11. (a)
CH3CH2S

δ-

CH3

Cl δ-

CH3CH2S

CH3

Cl
SCH2CH3

CH3

(b) The reaction is concerted.

(c) If CH3CH2S
- is replaced with CF3CH2S

- the reaction becomes slower.

(d) If CH3OH is replaced with DMF the reaction becomes faster.

(e)

Cl

CH3 CH3CH2S

CH3OH

CH3

No reaction 

A reaction rate of zero is less than any other rate!

12. Recall that SN2 substitution occurs with inversion of stereochemistry.  Reaction of
(S)-2-iodobutane with iodide ion forms (R)-2-iodobutane and another iodide ion (the
leaving group).  This (R) product can react with iodide ion again, forming the (S)
enantiomer.  Since the (R) and (S) enantiomers have the same stability, they will be
present in a 1:1 mixture (racemic) when equilibrium is reached.

H I

(S)-2-iodobutane

I H

(R)-2-iodobutane

I

13. (a) H2NC(CH3)2

(b) (2 point) The most stable carbocation is 2o and resonance-stabilized.

14. Many solutions are possible.  One example: N CH2H
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15. (a) The fundamental driving force that controls all carbocation fates is the desire to
become more stable by filling the open octet on carbon and obtaining a neutral
formal charge.

(b) Fate #1: Capture a nucleophile
CH3OH

CH3OH

Fate #2: Lose proton; form  bond

CH3OH

H

Fate #3: Rearrange

H

Consider this reaction: Cl

CH3 CH3OH

OCH3

CH3

16. (a) When choosing between SN2 and SN1, we consider SN2 first because it generally
as lower activation energy for the rate-determining step and is thus the faster
reaction.  For a substitution reaction to proceed by the SN2 mechanism, it must
meet certain requirements:

• Moderate or better nucleophile: CH3OH is a poor nucleophile.
• Moderate or better leaving group: Cl- is a moderate leaving group.
• Not 3o: The carbon at which the substitution occurs is 3o.

Two of the three SN2 requirements are not met, so SN2 is not a reasonable
mechanism choice.  The requirements for an SN1 mechanism are:

• Moderate or better leaving group: Cl- is a moderate leaving group.
• Carbocation more stable than 1o: The carbocation is 3o with resonance.
• Polar solvent: CH3OH is polar (ε = 33).
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The SN1 requirements are clearly met, so the most probable mechanism for this
reaction is SN1.

(b)
Cl

CH3
CH3

CH3OH

OCH3

CH3OH      H

OCH3

CH3

rds

(c) The reaction product is a mixture of (R) and (S) enantiomers.

17. 

CH3

Br

CH2CH3
Br

H      OH

CH3

CH3CH2
Br

CH3CH2

CH3H

H

H

No hydrogen antiperiplanar to Br

X

CH3

CH2CH3

CH3

CH2CH3

The product with the double bond bearing the ethyl group cannot be formed becaused
the cyclohexyl hydrogen next to the ethyl group is never antiperiplanar to the leaving
group.

Reaction of the iodide shown below with water and DMF produces three products:

I

H2O/DMF
+ +

OH

A B C

18. (a) The product predicted by Zaitsev’s rule is B.

(b) The mechanisms that best account for the products are E1 (products A and B) and
SN1 (product C).

(c) When choosing between substitution and elimination mechanisms, we consider
the concerted mechanisms (E2 and SN2) first because these generally have lower
activation energy for the rate-determining step than the carbocation mechanisms
(SN1, E1).  Furthermore we consider E2 before SN2, except in the case of primary
alkyl halides.
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E2 requires a strong base (usually RO- or R2N
-).  The absence of a strong base

suggests this reaction cannot proceed by the E2 mechanism.

SN2 requires that the carbon at which the substitution occurs cannot be tertiary.
The iodide in this case is tertiary, so the SN2 mechanism is prevented.

This leaves SN1 and E1.  These reactions have the same rate-determining step, and
thus they occur with roughly equal ease.  They also have the same requirements:

• Moderate or better leaving group: I- is an excellent leaving group.
• Carbocation more stable than 1o: The carbocation is 3o with resonance.
• Polar solvent: Water (ε = 80) and DMF (ε = 37) are both polar.

Since the SN1 and E1 requirements are met we predict the reaction will give a
mixture of SN1 and E1 products.


