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1 (20 pts) a) For the fairly complicated molecule with Structure A below, give the hybridization of each
numbered carbon in the numbered boxes to the right (write the hybridization of carbon 1 in box 1, etc.).

1 4
|‘ H
1 2 C 5 e
O 3¢ 4 ¢t CH; 2 5
?/
H
Structure A
3 6

b) For the two pairs of structures below (A, B and A, C), indicate their relationship (conformations,
enantiomers, diastereomers, or constitutional isomers) inside the box under the structures.

S .C.
O Nc. .C* cH, ‘ H

NS -
H \\C\C/C “Concp,

Structure A
Structure B Ill

Structure A Structure C
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1 — Continued

c) For each of the following molecules, indicate whether the molecule is aromatic or not aromatic by circling
the appropriate term.

a @ @ aromatic or not aromatic
b @ ® aromatic or not aromatic

aromatic or not aromatic

—
O
~—
NO,
d ©/ aromatic or not aromatic

e. In the space below, draw the FOUR major resonance contributors to the structure of compound d.
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2) (20 pts) Give the single major product for each of the following reactions, carefully showing
stereochemistry using wedges and dashes if appropriate. If a racemate is formed, show only one enantiomer
and label it “rac.” Assume chiral starting materials are single pure enantiomers unless they are labeled “rac.”

HBr (1 equivalent)
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\

catalytic FeBry

NC CN

\”/ heat
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Mild heat (kinetic) conditions
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BH

a)
, THF

Y

©/\/ cold HBr
d)
H
\/

C) H202 , NaOH
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3) (20 pts) Propose reagents for accomplishing each of the following transformations. For reactions involving
sequential addition of reagents, label the two parts of the reaction using letters. Your synthesis may require
multiple reactions, with isolation of intermediate products, to make the target. Use numbers to indicate
individual steps in a multi-step synthesis. Make your synthesis efficient (i.e. the target product should be the
major product). Assume chiral starting materials and products are single pure enantiomers unless they are
labeled “rac.”

2) AN - /(_/

b)
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o

C) \ > /\/\/ Br

d)

ﬁ
%
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4) (20 pts) a) The following reaction gives different products depending upon whether the reaction is run at a
low temperature, with just enough heat to make a reaction happen (irreversible conditions), or at high
temperature, where the reaction becomes reversible, but a product is still formed in high yield.

P

Heat
li +  eN " s Product

h

a) Give the major product expected for the reaction run under the low temperature (irreversible) conditions.
b) Give the major product expected for the reaction run at high temperature (reversible).

c) Complete the energy diagram below, showing both reactions on the same diagram.

Low temp High temp
product product

CN

aN
>
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5) (20 pts) a) Propose a synthesis of the following ketone target using any organic starting materials with five
carbons or less. You may use any necessary inorganic reagents. More than one step will be required. Each
reaction in the sequence leading to an isolated and purified product should be shown. Please use letters
over/under one arrow to indicate sequential addition of reagents in a single reaction. Do not put multiple
reactions over/under one arrow!

O

/\/\)J\/\/
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5 — continued

b) Give an arrow-pushing mechanism for the following reaction:

© Br,, FeBr;, ©/ Br

Y
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