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Q1. Each of the reactions drawn below produces ONE MAJOR PRODUCT (in some cases as a
racemic mixture). In each case, draw this product (including relative stereochemistry where
appropriate) in the box provided (3 points each). Notes: (i) for two-step reactions, just give the
final product, DO NOT draw intermediates, (ii) ether is an inert solvent and just serves as a
reaction medium in the cases where it is listed below, (iii) deuterium (D) is just a heavier isotope of
hydrogen (H) and behaves in exactly the same manner (albeit a little slower, which is of no
consequence in these questions) — be sure to carefully consider the position and orientation of the
D atoms in your products, and (iv) in the reactions where the major product is formed as a pair of
enantiomers, you only need draw one of them.
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Question 1 is continued on the next page...
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Q2. There are 18 alkene isomers with the molecular formula C¢Hj, and they are all drawn (A-R)
in the box at the bottom of this page. You are presented with five flasks (1-5), each one containing
a single pure sample of one of these alkenes. In a very long and excruciating lab class one
afternoon, you run two separate reactions on each sample, (i) ozonolysis (O3 followed by Me;S),
and (ii) bromination (Bry/ CCly). For the ozonolysis reactions, you analyze whether ONE or TWO
unique products are formed in each case. For the bromination reactions, you analyze what kind of
sterecisomers (if any) are formed in each reaction. The results of the two reactions for each flask
are summarized below that flask. Using your knowledge of alkene reactions, identify each sample
(1-5) as ONE of the alkenes drawn below (A-R) by writing that letter in the small box below each
flask. (4 points each)

Key:

Racemic Mixture (Rac)
Diastereoisomers (Dia)

Achiral meso
compound (Meso)

Achiral, non-meso,
compound (Ach)

(i) Number of Unique
Ozonolysis (O3) Products

(i) Reaction with Br, in
CCl, gives...
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Note: for one of the samples, there are two correct answers, but you only need to indicate one of them
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This page is otherwise left blank for you to work through question 2...




Q3. The carboxylic acid compound shown below reacts with iodine (I) in the presence of a weak
base such as sodium hydrogen carbonate (NaHCO3) to give the fused 7,5-bicyclic compound. The
reaction proceeds both regioselectively and stereospecifically — the relative stereochemistry of the
product has been deliberately omitted.

I
COH I
2 — 0
NaHCO3 O

In the box below, propose a mechanism for this reaction (show all intermediates, all appropriate
lone pairs, formal charges, and curly arrows). Pay particular attention to the stereospecific nature
of the final step, and, as such, indicate the relative stereochemistry observed in the 7,5-bicyclic
product - i.e., the final step of your mechanism should end with you redrawing the above 7,5-ring
system with the appropriate stereochemical relationships. Finally, in no more than two sentences,
account for the observed regioselectivity of the final step of the mechanism. (15 points)
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Q4. (a) Cyclopentene reacts with hydrogen chloride (HCI) to form chlorocyclopentane as shown
below. In the box below, draw the energy profile for this reaction, and label the following items as
necessary: transition states (TS), and their proposed structures, reaction intermediates (INT), and
their structures, activation barriers where applicable (AG*), the Gibbs free energy change
associated with the reaction (AG®), and the rate determining step (RDS). (15 points)

HCI
= O

Reaction Coordinate

(b) 1-Chlorocyclopentene also reacts with hydrogen chloride (HCl) in an analogous fashion. In the
boxes below, indicate what the product of the reaction is, indicate whether this reaction is faster,
slower, or proceeds at the same rate as the one above, and give reasons why. (5 points)
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Q5. In the box below, you are given the pK, values for a series of compounds, the least acidic is
cyclohexanol (pK, = 16.0). The pK, value for phenol is 10.0, and two series of substituted phenols
are given: 2-fluorophenol, 3-fluorophenol, and 4-fluorophenol have pK, values of 8.7, 9.3, and 9.9,
respectively; 2-nitrophenol, 3-nitrophenol, and 4-nitrophenol have pK, values of 7.2, 8.4, and 7.2,
respectively. Note: both -F and —-NO; are strong electron withdrawing groups.
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(a) Briefly explain (using words AND illustrations) why phenol is (literally and actually!) a million
times more acidic than cyclohexanol (5 points).
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(b) Briefly explain (using words and illustrations as you feel necessary) the trend observed in the
acidity of 2-, 3-, and 4-fluorophenol (5 points).
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(c) Briefly explain and illustrate why the trend observed in the acidity of 2-, 3-, and 4-nitrophenol is
different to that observed for the analogous series of phenolic compounds containing fluorine
(5 points).
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Q6 (BONUS) Propose a mechanism for the rearrangement reaction shown in the box below (show
all intermediates, all appropriate lone pairs, formal charges, and curly arrows). Note: there is NO
water present in this reaction, just a catalytic amount of concentrated sulfuric acid. (9 points)
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Q7 (BONUS) Propose a short sequence of reactions (you can’t do it in one-step!) that converts
acetylene (C;Hp) into mono-deuterated formaldehyde (CDHO) as depicted below. Show all
intermediate compounds, and the reagents necessary for each transformation. DO NOT SHOW
MECHANISMS! (6 points)
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