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1. Draw the structure of (25,3K,Z)-2-aminonon-7-en-3-ol. (3 points)

OH Correct skeleton : 1

_ Configurations of stereocentres : 1
N H Alkene Z: 1

2

a. Draw all of the resonance structures of the following compound using
arrows to show the movement of electrons. (4 points)

oo

Justify your ranking. (5 points)

Rank the resonance structures. (2 points)

d. Draw the resonance hybrid structure. (2 points)

©
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Major Minor

- All atoms have - The C* lacks
full octets an octet

- No charges

a.

1 pt per resonance structure drawn

1-curved arrows

1-resonance arrow between structures

b. -1 per error

c. 1 point per correct statement

d. -1 per error

General: -1 per incorrect structure or statement

3.

@O
Py

0]
Intermediate

- All atoms have
full octets

- Two charges
Hybrid:

o)
P

a. Draw the mechanism and products for the following reaction. (5 points)
b. Will the reaction favour the starting materials or the products? (1 point)
c. Justify your choice in part b. (3 points)

OF e () - o

N N
H PKa =-7 HH
('5 - '9 Ok) pKa ~ 11
(9-11 ok)

a.

1 pt per curved arrow (2)
1 pt equilibrium arrow

1 pt per final structure (2)

The equilibrium favours the side with the weakest acid,

i.e. the side with the protonated amine on the

right (products)
%{_4

1 point

1 point per pKj, total 2

1 point for the explanation, which must make a clear comparison
of the acids and demonstrate the understanding that the equilibrium

favours the side with the weakest acid

Final mark
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4. Circle the most basic nitrogen atom in the following compound and justify your

5.

choice. (3 points)
1 point: the circled N
L
— 1 point: the electrons in the right hand nitrogen are involved in resonance,
they are more stabilized (they are delocalized). Aromaticity would be destroyed
if this N was protonated (this would be destabilizing)

1 point: the electrons in the left hand nitrogen are not involved in resonance

(they are in an sp? orbital). Aromaticity is not destroyed if these electrons are protonated.

Identify the hybridization state for each of the atoms indicated with an arrow. (4
points)

Sp\ OH 0<— sp?
HC”/C)T\/\O/U\ 1 point each
T
sp® sp?

Decide whether each of the following compounds is aromatic, anti-aromatic, or
non-aromatic and justify your choice (please support your answer with a drawing
if you are discussing the position of electrons or orbitals in space). (11 points)

a.
S The ring is planar
\ / All the atoms are sp? hybridized 1 point each
There are 6 =t electrons, n=1 according to the 4n+2 rule
Aromatic
1 point
b.
sp® carbon (1 point).
NH This compound is non-aromatic (1 point)
C.
S
All the atoms are sp? hybridized ,
There are 8 m electrons, n=2 according to the 4n rule » | POINt €ach
Anti-aromatic
o
H (1 point)
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7. Provide a mechanism and the major organic product of each of the following
reactions. (4 points each = 12 points)

a.
4/4 - perfect mechanism
o 1. Brp, H20 (solvent) _ -1 per error
/A 2 NaH - The curved arrows must
. start at electrons and

point to an atom

.

H
Sh ore e

- . R
Br

1)

A>\l 1. BrMgCH,CHg

2. H;O*
BrM
9—\ &
g . H (—'OHZ
Step 1:
1 point - arrows and basic structures
1 point - stereochemistry OH

1 point - regiochemistry

Step 2: arrows and final product - 1 pt

\,

c. Please include a Newman projection of the reactive conformation.

Reactive conformation

Ph s Qe H
on b 3 NaOCHs Ph H
Bry HOCH, Ph e Br N pr
(solvent)

1 pt - general mechanism (curved arrows)

1 pt - Correct skeleton of final product

1 pt - Correct Newman projection

1 pt - Correct stereochemistry in final product
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a. Draw the two products of the following reaction. (2 points)
b. Circle the major product. (1 point)

)<OH H>SO4
_—

solvent
X >< + 1 pt per product
0 1 pt: major product
circled

9. Propose a synthesis of:

Br
usin @ and in your synthesis
QO/\/\ 9 \)\ y y

O O

You can add in any other reagents that you require. You do not have to provide a
retrosynthesis. (6 points)

Br NaOC(CHa)s 1. BHsz 1 pt

(specific ex 2. H,0O,, NaOH 1 pt

of a large, 1 pt "

strong base, 1 pt

1 point) H>SO, @
(specific ex o
of a strong
acid,1 point)

(o

@)
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10. Draw a mechanism for the following reaction: (4 points)

0
HyC~
0 K 0 4/4 - perfect mechanism )
M 3/4 - one minor error
1. Mel 2/4 - one of the steps properly done or

NMe, two minor errors

2. NaOH 1/4 - one key idea identified: the amine is
a good Nu, NaOH is a strong base,
Mel is a good electrophile

o) @o>
® Best mechanism
NMe3 wMeS — +1 bonus

@OH
Acceptable

éé\(N‘Me(;
HN

©OO0H
11. Draw a mechanism showing the formation of the major product of the following
reaction: (4 points)
Best mechanism:

Cl
o el U (g, — (O
o 5\/‘> @ HAN

+ NMe3

“ ©- ) " Q) cBH(orcn o 0
Accepted: CH3OH CHs ﬂ CHs
Cl |
T me [ O] ey
o ¢ 2 @g ‘) © 8’,)4 CH4OH

CH3OH (or CI")

1 point - regiochemistry (0 pts E1)

2 points -Sy1 mechanism well-drawn (1 point - E1)
1 point - implication of oxygen lone pair shown

Bonus! (3 points)
Explain the following results. Please draw a mechanism in 3D as part of your answer.

O
O

Base:~ €@

H \ 0]

—_—
H
Ve H Only the red H is antiperiplanar to the Br and
Br can be removed in an E2 reaction (1 point
for having removed the proton A.P.P. to the bromine)
0]
H (0] No proton is A.P.P. to the leaving group (1 point)
and chair flip (change in conformation to the other
Br H chair) is impossible because of the ester group (1 point)
H



