
Organic Chemistry 2       Name:________________________________ 

Third Examination 

April 20, 2012 

Prof. Malachowski 

 

The examination has five questions on four pages. The point values for each question are found with the question.   Partial 

credit will be given where appropriate. 

 

Read each question carefully before answering.  Be certain you understand everything the question is requesting.  Do the 

easy questions first.  If questions appear confusing or exceedingly complex, then you may need to rethink the question. 

Keep in mind the intended examination topics. 

 

In organic chemistry, hand-drawn pictures convey specific information. Be sure the drawing you have made conveys the 

essential information required to answer the question.  Don't forget to include lone pairs of electrons and formal charges 

when appropriate. 
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1. Provide the product(s), reagents or starting materials, to complete the following reactions. (20 pts.) 

a) 
 

 
b) 
 

 
c) 
 

 
d) 

 
e) 

Co-A S

+

HO
N(CH3)3

O

CH3

choline acetyl-
transferase

+

acetyl-CoA choline

coenzyme A acetylcholine  
f) 
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2. Synthesis questions. (16 pts.) 

a) Suggest a series of reactions to take the starting material on the left to the product on the right. This will require two 

or three steps. You may use any inorganic or organic reagents. 

 
 

 

 

 

 

 

 

 

 
 

b)  

 
 

 

 

 

 

 

 

 

 
 

 

3. Mechanism questions. (33 pts.) 

a) The matrix metalloproteases are an important class of enzymes which cancer cells use to cut through protein tissue 

and create space for more cancer growth. Matrix metalloproteases catalyze the following hydrolysis reaction (in a 

simplified format). Based on our related discussions in class and recitation, draw a mechanism for this process. Your 

mechanism should include the following: A role for zinc, curved electron flow arrows, and the identification of “special” 

or “noteworthy” intermediates.  You may use general acid (H-A) or base (A:-) conventions since this is an enzyme.   
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b) In addition to showing the mechanism, identify the nucleophile (Nu) and electrophile (E+) in the first step, and 

identify the type of reaction occurring (e.g. SN2, electrophilic aromatic substitution, acid-base reaction, nucleophilic 

addition, etc.) for all steps.  

 
 

 

 
 

 

 

 

 

 

 

 

 

 

c)  In addition to showing the mechanism, identify the nucleophile (Nu) and electrophile (E+) in the C-C bond forming 

step, and identify the type of reaction occurring (e.g. SN2, electrophilic aromatic substitution, acid-base reaction, 

nucleophilic addition, etc.) for all steps.  

 
 

 

 

 

 

 

 

 

 

 

 

 

4. Analyze the aldol addition shown below. (16 pts.) 

O

H

NaOH
O

H

OH

 
a) Draw the acid-base equilibrium that is the first step of the aldol addition shown above. You do NOT need to draw 

curved electron flow arrows. You should draw the most stable resonance form of all structures. 
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b) Identify the acids on both sides of the equilibrium by drawing an arrow to the acidic proton and writing the 

approximate pKa of each proton. 

c) Based on your pKa assignments, what will be the Keq and the approximate ratio of [aldehyde]:[conjugate base].  

 

 

 

 

d) Show the next step of the aldol addition after the acid-base equilibrium.  

 

 

 

 

 
 

 

e) Combining the information you provided in step d with your analysis in step c, why might the use of NaOH as the 

base be optimum?  For example, what problem might there be with using a stronger base such as NaH or lithium 

diisopropylamide (LDA)? 

 

 

 

 

 

 

 

 

 

5. Answer the following questions about the energy diagram shown below. (R and R‟=alkyl groups) (15 pts.) 

 
a) What reaction is shown in this diagram? Be as specific as possible. 

 

 

b) Place a RDS at the point along the energy path of the reaction that is the „rate determining step‟. 

 

c) How many steps are in this reaction?     

 

d) Which statement best explains why the strong base RO- can act as a leaving group? 

(i) Since the reaction is run in HO- (hydroxide) there is no problem with RO-, a weaker base, leaving in the reaction. 

(ii) The step involved is exothermic and, according to Hammond‟s postulate, this means there will be little formation of 

RO- at the transition state. 

(iii) The final step is exothermic and this allows the process to be thermodynamically favorable. 
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(iv) The formation of a strong C-OH bond allows the reaction to overcome the liabilities of the strong base RO- leaving 

group. 

(v) The sodium cation binds to the RO- and helps reduce the negative effects of RO- as a leaving group. 

 

e) Select the reason that best explains why the reaction is thermodynamically favorable for product formation. 

(i) The first step is completed early and the rest of the reaction has low energy transition states. 

(ii) A more reactive ester functional group is converted to a less reactive carboxylic acid and that makes the process 

energetically favorable. 

(iii) A tetrahedral intermediate forms which is always the sign of a spontaneous process. 

(iv) The carbonyl bond is one of the most stable bonds known and the formation of it in multiple steps of the reaction 

makes the overall process highly favorable. 

(v) The final step is a highly favorable acid-base reaction that shifts the overall equilibrium to the products.  

 

f) Circle all the reasons that explain why thioesters (R‟-C(=O)-SR)  are more reactive than esters (R‟-C(=O)-OR). 

(i) Thioesters have weaker resonance stabilization due to the poor overlap between sulfur‟s 3p orbitals and carbon‟s 2p 

orbitals.  

(ii) The thioalkoxide (RS-) leaving group is a weaker base and therefore better leaving group than the alkoxide (RO-) 

leaving group. 

(iii) Esters have better resonance stabilization due to oxygen‟s higher electronegativity and willingness to donate 

electrons.   

(iv) Alkoxides are immediately protonated and therefore are made good leaving groups through this protonation event.  

(v) Oxygen is more electronegative than sulfur, so the C-O bond is more polarized than the C-S bond.  


