
 
Chemistry 144a  

QUIZ 2ÐAnswer Key 
 
1.  (10 points) Calculate the heat of formation of cyclopentenyl cation (shown below). 

 
 
To calculate the ΔHf¡ of cyclopentenyl cation, we need to use the reaction shown below. 

H
  

 
ΔHrxn = HIA of cyclopentenyl cation 

ΔHrxn =  ΔHf¡(products) - ΔHf¡(reactants) 
 

We can calculate ΔHf¡(reactants) using group increments (below).  We are given ΔHf¡ for H- and 
we know ΔHrxn = HIA(cyclopentenyl cation) = 225 kcal/mol. 
 
ΔHf¡(cyclopentene): 
 1 C-(C)2(H)2 = 1*(-4.93) 
 2 C-(Cd)(C)(H)2 = 2*(-4.76) 
 2 Cd-(C)(H) = 2*(+8.59) 
 ring strain =     (+6.3) 
 ΔHf°(cyclopentene) = 9.03 kcal/mol 
 

ΔHrxn = ΔHf¡(products) - ΔHf¡(reactants) = ΔHf¡(cation) + ΔHf¡(H
-) - ΔHf¡(cyclopentene) 

ΔHrxn  = 225 kcal/mol = ΔHf¡(cation) + 34.7 kcal/mol Ð 9.03 kcal/mol 
ΔHf°(cation) = 199.3 kcal/mol 

 
2. (9 points) One of the two reactions shown is much faster than the other.  Using an orbital 
mixing diagram, show which is the faster and why.  Sketch all relevant orbitals. 
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The only difference in the molecules depicted in (a) and in (b) is the orientation of the 
cyclopropyl ring, so we know that differences in the stabilization should arise from interactions 
of the cyclopropane orbitals with the empty p orbital in the carbocation.  The HOMOs of 
cyclopropane are the Walsh orbitals, so we can do a mixing diagram with cyclopentane cation.  



 
Name:_________________________________ 
All combinations are shown to the right of the mixing diagram.  For case (a) Ð center column Ð 
we see a good interaction for the top combination.  The same cyclopropane MO in (b) is pointing 
away from the empty p orbital and thus isnÕt a good interaction.  What about the other Walsh 
orbital?  We can see there is no good interaction for (a).  In (b) the Walsh orbital contribution on 
the top carbon is perpendicular to the empty p orbital from cyclopentane cation, and thus there 
can be no net interaction. 

 

Wa lsh orbita ls C p
Walsh Orbi ta ls W al sh orbi t al s on (a) Wa lsh orbi ta ls on (b)

 
The interaction between the empty p orbital and the Walsh orbital in the box, stabilizes the sigma 
framework of the carbocation, thus lowering the energy of the reactive intermediate, allowing 
reaction (a) to proceed faster than reaction (b). 

 
3. (6 points) 
(a) Bulky substituents prefer the equatorial to the axial position in cyclohexane.  Nevertheless, 

the equilibrium shown lies to the right.ride.  Provide an explanation for this observation. 
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Bulky substituents typically prefer the equatorial position to avoid 1,3 diaxial interactions.  In the 
structure at right, however, there are no 1,3 diaxial interactions with the t-Butyl group because 
there are oxygen atoms at the positions β to the carbon with the t-Butyl group.  Since the diaxial 
interactions are not a problem, for the t-butyl group, we now consider them for the methyl group.  
The structure on the left has 1, 3 diaxial interactions that are allieved in the right hand structure. 
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Name:_________________________________ 
(b) Predict which isomer is preferred, and briefly explain why. 
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N

CH3

A B  
Although the most substituted alkene is usually the most stable, molecule B is less stable than A 
because there is A1,3 strain in B.  Therefore isomer A is preferred. 


