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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 

from introductory organic chemistry.  Another mechanism is termed E1cB (cB = conjugate 
base), shown below.  The first step is deprotonation (to form the conjugate base), typically 
facilitated by the presence of a good electron-withdrawing group (EWG), such as a 
carbonyl.  Then, the anion eliminates the leaving group (LG) to form the olefin.  There is a 
timing issue.  The deprotonation could be rapid and reversible, making elimination (k2) rate 
determining.  Or, the deprotonation could be the slow step; k1 is rate determining.  Some 
workers proposed that doing a Hammett-type analysis on a substrate such as 1 could 
distinguish the two mechanisms.  Explain how this would be so, making clear what you 
would expect in the Hammett analysis for both mechanisms. 
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If the rate determining step is base abstraction of the hydrogen adjacent to the carbonyl, there 
should be a build up of negative charge in the transition state.  However, this charge is quite 
far from the substituent X so we would expect a ρ value that is very close to zero.  If it is in 
fact any different from zero, we expect it to be positive.  For practical purposes, however, the 
line would be flat. 

 
 If the rate determining step is departure of the leaving group, we again have a build up of 

negative charge in the transition state.  Since the product of this step is the conjugate base of 
benzoic acid, we expect a Hammett plot with a positive ρ of approximately 1.  We expect a 
similar substituent sensitivity for this reaction as with benzoic acid because the products are 
the same. 



2.  (6 points) Electrophilic aromatic substitution can proceed by the mechanism shown.  For the 
reaction shown kH/kD = 1.15.  Does this allow you to say whether I or II is the rate 
determining step?  Discuss briefly.  
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Yes we can use the KIE to determine whether step I or step II is rate determining.   
 
In step I, the H(D) is attached to a carbon center that undergoes rehybridization from sp2 to 
sp3.  Therefore if step I is rate determining we expect an inverse KIE.  Since the measured 
KIE is greater than 1, step I cannot be rate determining. 
 
In step II, the C-H(D) bond is broken thus we expect a primary (normal) KIE.  We usually 
expect a primary KIE to be significantly greater than 1, however, if there is an early 
transition state, the TS is a lot like the starting material and we see a relatively small KIE as 
observed here.  Step II is the rate determining step. 

 
 
3. (9 points)  State whether the following reactions will show a normal or inverse, primary or 

secondary, kinetic isotope effect.  Briefly explain your reasoning. 
 
 
 
Secondary, inverse Ð the 
H(D) is attached to the carbon 
undergoing rehybridization 
from sp2 to sp3 

 
 

 
Secondary, normal Ð the H(D) 
is attached to a carbon going 
from sp3 hybridization to sp2 
hybridication 
 

 
 
 Primary, normal Ð the 
H(D) is being transferred 
(i.e. the O-H(D) bond is 
broken) making this a 
primary KIE.   Primary 
KIEs can only be normal. 
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