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a) Consider compound 2, assign the stereochemistry of each labeled carbon:

Question 1 :
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b) Give the full chemical name of compound 1:

¢) Give the full chemical name of compound 2:

d) Provide a mechanism for the formation of product 6 when compound 1 reacts with hydrobromic acid. Use
the curved arrow formalism.

Br
HBr

1 6
e) Using the axes below, represent the energy changes in the reaction above (1 d) reaction of compound 1 with
HBr to yield product 6). Label the axes. Respect the relative activation energy of each step. Assume the
overall reaction is exothermic.




Question 1 continued:
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f) Isomeric relationship between compound 2 and compound 3:

g) Isomeric relationship between compound 3 and compound 4:

h) Consider compounds 2 and 3 below:
i) Draw the two chair conformations for each alkyl bromide, and circle the most stable chair conformer;
ii) Give all possible elimination product(s) obtained from each alkyl bromide under second order
reaction conditions (E2); and
iii) Give all possible elimination product(s) obtained from each alkyl bromide under first order reaction
conditions (E1).

Chair Conformations Possible E2 product(s) Possible E1 product(s)

Br

i) Consider the reaction of compound 7 below with bromine:
1) Draw a 3-D structure of the intermediate for the rate limiting step;
i1) Provide the structure of the major product.
ii1) Pay attention to stereochemistry.

H-O

Intermediate Major product
ii1) Explain the source of regioselectivity of your major final product using suitable chemical structures.




Question 2: Consider the two synthetic pathways (Synthesis I and Synthesis II), which would lead to a
common final product:

Note that each reagent is used in stoichiometric amounts (no excess).

Synthesis |
H-0 1. NaNH, H-O 1. NaNH,
L cHcHr =\ CHaCHoCHgBr \
A
—\
Syninests Final product
NaO_ __ |, CHCH:CHBr /o _ 1. NaNH, /

2. CH3CHQBI'

a) Which path would be better, Synthesis I or Synthesis II? Circle one. Explain why the other synthesis would
not be suitable. You may include a mechanism to justify your answer.

b) Draw a stepwise mechanism of the best synthesis (I or II) to show the formation of the final product. Use
curved arrow formalism and draw every intermediate.

¢) Draw the transition state of the first step of Synthesis II.

Question 3: Propose one synthetic route for the following two syntheses.
If two syntheses are provided, only the first one will be graded for marks.
1. Provide a retrosynthetic analysis for synthesis A or synthesis B.
il. Provide the reagents (and conditions, if necessary) required to complete synthesis A or synthesis B:
Take the following requirements into consideration:
» Carbon-containing molecules to be incorporated into the structures must be synthesized from
propyne (CH3CCH) or acetylene (HCCH).
» Show the product of each transformation.
» Pay attention to stereochemistry when applicable.

Synthesis A:
Multisteps J\
HsC———H andlor H——=—= \/\/\o
Synthesis B:
Br Br
E§ Multisteps E>_>_< + enantiomer
Retrosynthesis:

Synthesis:



Question 4: Provide a mechanism for the following transformation, from the diol to one of the two enantiomers.
Use the curved arrow formalism. Draw the structure of each intermediate.

_~ H30O* catalytic + enantiomer

HO—* “~OH
Question 5: Propose a synthetic route for the synthesis below. Provide the reagents (and conditions, if
necessary) required to complete the synthesis and show the product of each transformation.

© Multistep synthesis /©/Y
HoN
Question 6:

a) Consider the following molecules and label them as aromatic, anti-aromatic, or non-aromatic.

©
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A B C D F

Aromatic

Anti-Aromatic

Non-Aromatic

b) Which of compounds A, B, C, or D will be the strongest acid? Justify your choice with the relevant chemical
structure(s).
Question 7: Consider the following molecules:

a) Which molecule is most reactive toward electrophilic aromatic

substitution?
OH OH
i Letter: . Briefly explain:
CHjs
CHjs
A B
O
CHs /J\NH
b) Which molecule is least reactive toward electrophilic aromatic
CHs CHs substitution?
C D . .
Letter: . Briefly explain:
NO, NO,
NO,
CHj CHj
E F




¢) Provide the full name of compound F above:
d) For the transformation below:

i. Provide the appropriate reaction conditions.

ii. Provide a mechanism for the transformation, using the curved arrow formalism. Draw the structure
of each intermediate, including the formation of the electrophile and all relevant resonance structures.
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CH3 CH3

Question 8: Your goal is to isolate two essential oils, Eugenol and Acetyleugenol, from cloves by steam
distillation.

o) a) Which substance/s do you expect to collect in the distillate?

OH )J\O

OCHg OCHs

| |
Eugenol (E) Acetyleugenol (AE)
bp =254 °C bp = 281-286 °C

b) What do you expect the temperature reading to be while the distillate is being collected?

¢) Once the steam distillation is completed, show how you would extract from the distillate the two essential
oils, and separate acetyleugenol from eugenol using acid/base extraction methodology. The following
solvents/solutions are available to you:

tert-Butyl methyl ether | 10% CH3CO.H aqueous solution | 3 mol/L NaOH
Ethanol Deionized water NH4Cl saturated aqueous solution
3 mol/L HCI NaCl saturated aqueous solution | 10% NaHCOj3 aqueous solution

Complete the flow sheet below, including the nature of each phase; the solvent(s)/solution(s) required; relevant
chemical structures and relevant chemical reaction(s).

Distillate |

Solvent(s) and/or solution(s) added:

Layer Layer

Solvent(s) and/or solution(s) added:

Aqueous Layer Organic Layer



Question 8 continued:
d) After separation and complete recovery of the two essential oils a TLC was taken to assess whether the
separation was successful. See results below.
1) Assign each lane with the appropriate letters: EE (Eugenol Extract), AEE (Acetyleugenol Extract),
and Co (co-spot):

Lane A: Lane B: Lane C:
(1 mark)
i1) Based on this TLC picture, was the separation using acid/base extraction
methodology successful? Briefly explain.
(2 marks)

I
A B C

e) A student suggested to take melting point in order to identify and assess the purities of the oils. Is this a good
idea? Circle yes or no and explain in ONE sentence.

Question 9: You have to re-crystalize benzoic acid and are provided with the two following solvents: water
and ethanol. Please note that benzoic acid is soluble in both solvents at elevated temperatures.
0]

@J%H

a) Circle the solvent that will be best choice for the recrystallization of benzoic acid. Water or Ethanol?
b) Explain your decision. Make sure to support your decision with intermolecular forces arguments. (No more
than 30 words)
¢) Complete the recrystallization procedure below of benzoic acid. Fill the blanks or circle one appropriate
answer.

1. Accurately mass 1 gram of benzoic acid and place in (piece of glassware).

Recrystallize the compound in the solvent chosen above:
2. Initially use (1 mL / SmL / 10mL) of (cold / warm / hot / boiling) solvent to dissolve benzoic acid.
3. While keeping the mixture at (cold / warm / hot / boiling) temperature, add (approximately/precisely)

(1 mL /5mL / 10mL) of (cold / warm / hot / boiling) solvent, until

4. Then let the solution

5. When ready, filter the benzoic acid crystals by suction filtration.

6. Wash the crystals with (1 mL / SmL / 10mL) of the (cold / warm/ hot /boiling) solvent that you used
for the recrystallization, repeat a second time.

7. Let your crystals dry before taking a melting point to assess purity.
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Selected Compound List

Acetic acid

Heat (A)

NBS

Acetone

Hg(OAc)2

NH>NH»

Acetonitrile

HNO3

AICl3

HX

BHa/THF

KMnOQO4

CCly

Li

CH.CI>

Light (hv)

DMF

Lindlar’s catalyst

DMS

MeOH

DMSO

Na

EtOH

Na>Cr,07

FeXs

NaBH4

H>

NaH

H202

NaNH-

H2SOq4

NaNO:

HCI

NaOH

Work sheet:

X = appropriate halogen




