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CHM	
  1321	
  B	
  
Midterm	
  2	
  	
  

March	
  17,	
  2011	
  
ANSWERS	
  –	
  Total:	
  55	
  possible	
  marks	
  

Note:	
  The	
  points	
  are	
  given	
  as	
  a	
  guide	
  and	
  are	
  subject	
  to	
  minor	
  changes.	
  
	
  

Last	
  name:	
  __________________________________	
  	
  	
  First	
  name:	
  _____________________________________	
  
	
  
Student	
  Number:	
  __________________________	
   	
   Seat	
  Number:	
  _____________________	
  

	
  
1. For	
  the	
  carboxylic	
  acid	
  shown	
  below:	
  

a. Circle	
  the	
  most	
  acidic	
  proton.	
  (1	
  point)	
  
b. What	
  is	
  the	
  hybridization	
  of	
  each	
  of	
  the	
  oxygen	
  atoms?	
  (2	
  points)	
  

	
  

	
  
	
  

2. Circle	
  the	
  strongest	
  acid	
  in	
  the	
  following	
  set:	
  (1	
  point)	
  

	
  	
  
	
  

3. Circle	
  the	
  best	
  nucleophile	
  in	
  the	
  following	
  set:	
  (1	
  point)	
  
	
  

	
  
4. Circle	
  the	
  best	
  leaving	
  group	
  in	
  the	
  following	
  set:	
  (1	
  point)	
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5.	
  For	
  the	
  following	
  reaction:	
  
a. Draw	
  the	
  mechanism	
  to	
  show	
  the	
  formation	
  of	
  the	
  major	
  organic	
  product:	
  (4	
  

points)	
  

	
  
b. Draw	
  the	
  two	
  minor	
  products.	
  (4	
  points)	
  

	
  	
  

	
  
6. Draw	
  the	
  starting	
  material	
  OR	
  the	
  major	
  product(s)	
  for	
  each	
  of	
  the	
  following	
  reactions:	
  

(3	
  points	
  each,	
  total	
  =	
  12	
  pts)	
  
	
  

a. 	
  	
  

	
  	
  
b. 	
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6.	
  	
  

c. 	
  

	
  
	
  
d. 	
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7. Consider	
  the	
  following	
  reaction	
  in	
  which	
  C	
  is	
  the	
  only	
  intermediate:	
  

	
  

	
  
a. Draw	
  the	
  mechanism	
  for	
  each	
  of	
  the	
  steps	
  shown	
  in	
  reaction	
  above.	
  (5	
  points)	
  

	
  
b. Draw	
  and	
  label	
  the	
  reaction	
  coordinate	
  diagram	
  for	
  this	
  reaction,	
  which	
  is	
  

exothermic	
  overall.	
  (5	
  points)	
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8. 	
  
a. Name	
  the	
  alkene	
  shown	
  below.	
  (4	
  points)	
  

	
  
b. Propose	
  a	
  synthesis	
  of	
  the	
  following	
  alkene	
  from	
  any	
  alcohol	
  starting	
  material	
  

plus	
  any	
  other	
  reagents.	
  Be	
  sure	
  to	
  take	
  stereochemistry	
  into	
  account.	
  It	
  is	
  not	
  
necessary	
  to	
  provide	
  a	
  retrosynthesis,	
  mechanism	
  or	
  solvents.	
  (8	
  points)	
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9.	
  Consider	
  the	
  analog	
  of	
  Vancomycin	
  shown	
  below,	
  which	
  is	
  an	
  antibiotic	
  of	
  last	
  resort	
  
against	
  methicillin-­‐resistant	
  Staphylococcus	
  aureus	
  (MRSA)	
  bacteria.	
  

	
  
a. Identify	
  the	
  bonds	
  that	
  could	
  be	
  formed	
  using	
  reactions	
  learned	
  in	
  this	
  

course,	
  and	
  name	
  which	
  reaction	
  you	
  could	
  use	
  for	
  each	
  one.	
  An	
  example	
  is	
  
shown	
  below.	
  	
  

 1 point 2 points 3 points 4 points 
# of reasonable ideas: 1-2 3-5 6-8 > 9 

	
  
1	
  mark	
  lost	
  if	
  atoms	
  were	
  identified	
  instead	
  of	
  bonds	
  

	
  
	
  
9.	
  b.	
  Select	
  one	
  reaction	
  that	
  would	
  work	
  well	
  from	
  part	
  a	
  and	
  draw	
  the	
  appropriate	
  starting	
  
materials,	
  including	
  stereochemistry	
  as	
  required.	
  You	
  can	
  simplify	
  the	
  drawing	
  by	
  just	
  including	
  
atoms	
  near	
  the	
  reacting	
  centre.	
  (3	
  points)	
  

1	
  point	
  per	
  reagent	
  
1	
  point	
  for	
  stereochemistry/regiochemistry	
  (as	
  applicable	
  

depending	
  on	
  reaction	
  selected)	
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BONUS!	
  Propose	
  a	
  mechanism	
  for	
  the	
  following	
  transformation:	
  (3	
  points)	
  
	
  
	
  
	
  

	
  
	
  

	
  
	
  
	
  

H Cl
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Approximate pKa’s of Common Functional Groups 
 
Note: the pKa value is quoted for the underlined “H” 
 
Strong acids: 

Acid pKa Acid pKa 
HBr -9 H2SO4 -3 
HCl -7 HNO3 -1.4 
HF 3 HOSO2CF3 -14 
 
Common organic functional groups: 

Functional group pKa Functional group pKa 
ROH 
Alcohol 

17 H2 35 

H2O 15.7 R3CH 

alkane 
50 

	
  
Carboxlic acid 

5 
 

Alkene 

45 

R2NH 

Amine 
40 

 
alkyne 

25 

 
Amide 

15 HCN 9.2 

 
Protonated species: 

Functional group pKa Functional group pKa 
H3O+ -1.7 NH4+ 

Ammonium 
9 

R-OH2+ 
Protonated alcohol 

-2 R3NH+  
Protonated amine  

10 

	
  
Protonated ketone 

-6 

	
  
Protonated pyridine 

5 

	
  
	
  
	
  


