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Chemistry 144a
QUIZ 3 Answer Key — November 19, 2007

1. (10 points) You should be familiar with the prototype E1 and E2 elimination mechanisms
fromintrodudory organic chemistry. Anothe mechanism is termed E1cB (cB = conjugae
bas), shown bdow. Thefirst step is deprotonaion (to form the conjugat bas), typically
fadlitated by the presence of a good dectron-withdrawing group (EWG), such as a
carbony. Then, the anion eliminates the leaving group (LG) to form the olefin. Thereisa
timingissue The deprotonaion could be rapid and reversible, making elimination (k,) rate
determining. Or, the deprotonaton could be the dow step; k; is rate determining. Sone
workers proposd that doing a Hammett-type analysis on a subdrate such as I could
distinguish the two mechanisms. Explain how this would be so, making clear what you
would expect in the Hammett andysis for both mechanisms.
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If therate determining step is base abstraction of the hydrogen adjacent to the carbonyl, there
should beabuild up of negaive chargein thetrangtion state. However, this chargeis quite
far from the subgituent X so we would expect a p valuetha isvery closeto zero. If itisin
fact any different from zero, we expect it to be postive. For practical purposs, however, the
linewould beflat.

If the rate determining step is departure of the leaving group, we again have a build up of
negative chagein thetrangtion state. Since the produd of this step is the conjugae base of
benzoic acid, we expect a Hammett plot with a postive p of approximately 1. We expect a
similar subdituent sengtivity for this reaction as with benzoic acid because the produds are
the same.



2. (6 points) Electrophilic aromatic subditution can proceed by the mechanism shown. For the
reaction shown ky/kp = 1.15. Does this allow you to say whether | or Il is the rate
determining step? Discuss briefly.
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Y eswe can use theKIE to determine whether step | or step 11 is rate determining.

In step |, theH(D) is attached to a carbon center that undegoes rehybridization from sp? to
s°. Theeforeif step | is rate determining we expect an inverse KIE. Since the measured
KIE is greater than 1, step | cannotberate determining.

In step 11, the C-H(D) bondis broken thuswe expect aprimary (normal) KIE. We usudly
expect aprimary KIE to besignificantly greater than 1, however, if thereis an early
trangtion state, the TSisalot like thestarting material and we see arelatively small KIE as
obsrved here. Step Il istherate deermining step.

3. (9 points) Stte whether thefollowing reactionswill showa normal or inverse, primary or
secondalty, kinetic isotopeeffect. Briefly explain your reas)ning.
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