CH 334

Final Exam Tuesday, December 5, 2017

Name KEY

You may use model kits but no other material with chemical information without instructor approval.
Tables of possibly useful data are included on the last page.

Please do not use any electronic gadgets (calculators, music players, phones, etc.).
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1. (15 points) Draw structures, including stereochemistry where appropriate, for each of the following.

A. 3-ethylheptane

B. cis-1,2-dichlorocyclohexane

Cl Cl

c S~
or Cl

C. R, R-2-bromomethylcyclopentane

WBr
D. R, S-3,4-dihydroxyhexane
OH CoHs
CoHs

E. tert-butylcyclohexane

or



2. (30 points) Draw the structure of the major product for each reaction. Include stereochemistry where
appropriate; you may designate a racemic product by designating “+ enantiomer.”
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3. (30 points) Write (over the arrow) the reagents and conditions (as appropriate) that will accomplish the
following transformations.
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4. (40 points) For each reaction below, write a mechanism using the electron-pushing formalism for each
step. Classify each as one of the following: free radical chain, Sn1, Snx2, E1 or E2.
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4. (Continued)

C. 'BuOClI, 'BuO-0O'Bu, D

oh
O Initiation and propagation

steps only .(ignore
termination steps)
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5. (30 points) Each of the following short syntheses can be accomplished with chemistry you know in
several steps. Show how to do each, providing reactants and reagents/conditions needed.

A. Cyclopentane to cyclopentene

i NBS, AIBN Q/Br

hy
(or chlorination)

Y

KOtBu

tBuOH

(or any strong,
Y bulky base)

O

B. Propane to 4-octyne

Y

Cl,
> ACH >7C|
hy (separate)



6. (30 points) Deuterium is an isotope of hydrogen that has an extra neutron in its nucleus. Because it is
chemically identical to normal hydrogen but can be detected by its heavier mass, it is often used to help
determine reaction mechanisms.

The following deuterated form of 2-bromobutane was reacted under E2 conditions:

D
ﬁ/'\ KOEt
EtOH

Br 70°C

A. When (undeuterated) 2-bromobutane reacts under these conditions, one major and two minor products
are observed. Draw them.

B. For the deuterated form of 2-bromobutane shown, draw the Newman projection for the most stable
rotamer looking down the C2-C3 bond.

D

Br_ CHs  (Anti-methyls; gauche Br-CHs;
better than gauche CH3-CH;

HsC H

C. For the three products you drew in part A, predict whether each will have deuterium or not. Explain the

basis of your prediction.
H H H
N X
D

From the Newman projection for (B), we see that H (and not D) will be lost in forming the trans isomer. To
get the cis, rotate the bond; this places D anti to Br and so Dbr will be eliminated.

2\=U

The 1-ene does not involve the deuterated center, so the deuterium will be retained there.



7. (25 points)

A. Match each of the following reaction energy diagrams with one of the reactions shown below. Each
reaction is in DMSO solvent.

Reaction Coordinate —» Reaction Coordinate —»

Reaction Coordinate NG

a. (CHs3)sCBr + HOCH,CHs Sy1, with fast loss of proton in the final step: lll.
b. CH;CH.Br + NaOCH,CH,CH; Sy2: I.

¢. CH3CH,C(CH3).Cl + Na* CHsCO, Sy1: II.



B. For each of the reactive intermediates indicated in the reaction energy diagrams (labeled A, B, C), draw
its likely structure.

R
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B:
e,
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C. Draw the product you expect from each reaction.

lb.:  ~ O~

ll/c: /\F/O j\

Il/a: /}O/\



Bond strengths (kcal/mol):

F-F

Cl-Ccl
Br-Br

I-I

H-F

H-C1

H-Br

H-I

CH;-H
CH;3;CH,-H
(CH3),CH-H
(CH3)sC-H
CH;-F
CH;-C1
CH;-Br
CH;-1I
CH3;CH,-F
CHs;CH,-C1
CH;CH,-Br
CH;CH,-I
(CH3),CH-F
(CH;3),CH-C1
(CH3),CH-Br
(CH3),CH-I
(CH3)sC-F
(CH;3)sC-Cl
(CH;3)sC-Br
(CH3)sC-I

38
58
46
36
136
103
87
71
105
101

98.
96.

110
85
70
57

111
84
70
56

111
84
71
56

110
85
71
55

Solvent Polarities

Solvent Dielectric Const.
Hexane 1.9
Diethyl Ether 4.3
Acetic Acid 6.1
THF 7.6
t-Butyl Alcohol 12.5
Acetone 21
Ethanol 24.5
Nitromethane 36
DMSO 47
Water 78

A values for monosubstituted
cyclohexanes (kcal/mol)

Substituent A

Me 1.8
Et 1.8
Pr 2.1
Bu >4.5
0-Me 0.75
cl 0.52
Br 0.55
I 0.46
R 1.987 cal/(mol-K)

8.314 J/(mol-K)

cis-1,3-diaxial interaction energies
Me-Me 1.5 kcal/mol

Me-Br 1.0 kcal/mol

(relative to R-H diaxial
interactions)

Nucleophilicities
(= log Kyey for CHsBr + Nu: in CH3;0H/25°C)
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