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1. Provide an unambiguous (IUPAC or common) name for each of the following compounds.  Be sure to 
indicate stereochemistry where appropriate.  (15 points) 

 

 

BrCl

H

H

Br

(R)-6-bromo-6-chloro-2-octyne

cis-1-isopropyl-4-vinylcyclohexane

1-bromo-3-ethyl-5-methylbenzene

1-bromo-5-ethyltoluene

or

 
 
2. Part A.  Predict the 1H NMR of the compound shown by drawing the peaks onto the blank spectrum.  

Assign all peaks for full credit. Hint: draw in all of the hydrogens before proceeding. (12 points) 
 

N

O

a

b

save this space below for part B

2

3

4

6 1

5

2

3
4

6

5

1

Numbers refer to protons 
attached to the indicated 
carbons.

N

O

a

b

character, which acts 
to deshield the proton 
attached there, making 
it resonate more 
downfield.

The resonance picture 
shows that position "a" 
has some positive

 
 Part B.  In the space next to the molecule, use pictures and words to explain why the proton attached 
 to carbon a resonates more downfield than the proton attached to carbon b. (4 points) 
 
 Part C. What is the hybridization of the nitrogen atom?        sp        sp2        sp3       (circle one, 2 points) 
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3. Predict the two major diastereomeric E2 products that are formed when the following substrate is 
reacted with NaOH.  Draw the Newman projections of the substrate conformations that lead to the two 
products.  Explain why the major product is formed based solely on the Newman projections you drew.  
In other words, DO NOT discuss product stability.  (8 points) 

 

Br

Ph CH3 Na NH2

DMSO

Two major elim. 
products that are
diastereomers

(circle the major product)

H

H3C Ph

H

H3C Ph

Br

Ph

CH3

Two possible anti-coplanar  conformations...

H

H

H

H
Br

PhH3C

Br

Ph

CH3
H

H

H

H
Br

PhH3C

This conformer has larger ster ic interactions b/c 
the Ph and iPr  groups are gauche to each other .  
Thus, the molecule may be more likely to be found 
in the other  reactive conformation, leading to a 
larger  yield of the circled product.  

 

4. Part A.  Furan and pyrrole both undergo electrophilic aromatic substitution with Br2/FeBr3 to give 
monosubstituted products at the same position of the ring.  Using either furan or pyrrole, predict the 
major product of the reaction, provide a mechanism for its formation, and use resonance theory to 
explain why the major product is favored.  You will need to show the intermediates of the major and 
minor products to best explain this reaction.  (16 points total) 510-684-9194 

 

 

O N
or

H

Br2

FeBr3
pyrrolefuran

Br Br FeBr3 Br Br FeBr3

O

Br FeBr4

O H

Br
O H

Br
O H

Br

Br FeBr3

O Br

O

H
Br

O

H
Br

This intermediate has more resonance 
and therefore more charge delocalization. 
 I t is thus more stable and will be the 
more favored pathway, yielding the 
compound shown as the major  product.

O Br N Br

H

 
 Part B.  Which will react faster?   pyrrole    or    furan  (circle one)  Explain using pictures or words. 

O Oxygen is more electronegative and therefore causes the arom. r ing to be 
less likely to donate its electrons in EAS rxns.
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5. Draw the major product of each of the following reactions.  Be sure to include stereochemistry in 
your answers where appropriate.  (4 points each) 

 
 

1) OsO4 (cat), NMNO / acetone

CH3Cl (4 equiv)

2) Na2SO3 / H2O

(a)

(b)

(c)

Na

NH3 (l)

(d)

(e)

AlCl3

OTs

1) O3 / CH3OH

2) H2O2 / HCOOH

(f)
Cl2

H2O

Na HCO3

H2O , !

OH

OH

OH

OH

H

H

O

OO

OH

HO

O

OH

OH

Cl

OH

Cl  
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(g)

(h)

(i)

(j)

(k)

(l)

H2 (xs)

Pt

Cl2

CCl4

HBr

Br2 (2 equiv)

CH2Cl2

Br

CH3 NaNH2

DMSO

O

HNO3

H2SO4

(1 equiv)

Br

+   enant.

Br

Br Br

Br

Cl

Cl

(meso)

CH3

+

enant.

O

O2N  
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6. a) Draw, in the boxes below, the four most stable constitutional/configurational isomers of C3H6O that 

contain an sp2 hybridized atom. (8 points) 

H

O O

OH
O

X !

 
 

 b) Place an ÒXÓ in the box that contains the highest boiling compound and explain (below) why it 
boils higher than the others. (3 points) 

 

  I t is the only compound that can undergo H-bonding with its own molecules 
 

 c) Place a Ò! Ó in the box that contains the lowest boiling compound and explain (below) why it boils 
lower than the others. (3 points) 

 

   The ether  cannot undergo H-bonding with its own molecules.  I tÕs C-O-C group has a smaller  
net dipole than a C=O group because there is partial cancellation of individual C-O dipole 
vectors in the former.  This makes the molecule less polar and thus have weaker  
intermolecular interactions, which in turn requires less heat to separate the molecules and 
boil the compound. 

 

7. a) 2,4-pentanedione readily undergoes keto-enol tautomerization in the presence of trace amounts of 
hydronium to yield a product that gives 13C NMR peaks at 202, 191, 100, 31, and 24 ppm.  
Compounds A &  B were postulated to be the two most likely products.  Circle the product that is 
supported by the data and provide a mechanism for its formation.  Explain why the product you chose 
is formed preferentially over the other.  (8 points) 

O O
H3O+

(trace) O HO O HO

A B
H O

H

H
O O

H

H H
H2O

The conjugated enol is energetically more 
stable than the unconjugated enol because 
the sharing of pi electron density is a 
stabilizing interaction.  This makes A more 
likely to be formed, especially under 
equilibrium conditions.

 
 

 b) How would the IR spectra of A and B differ?  Explain using pictures and words.  (4 points) 

O HO O HOO HO O HO O HO

The C=O bond in A has more single bond character as seen from the resonance 
comparison of A and B.  Therefore A's C=O bond is longer than that of B, which 
resulots in lower frequency vibration, and thus absorption at lower wavenumbers.  
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8. For each pair of molecules shown, circle the one that best fits the accompanying description and 
provide a concise rationale for your choice.  Pictures may be required for full credit! (3 points each) 

 

The most basic nitrogen

vs.

The compound that rotates plane polarized light

vs.

The better nucleophile in DMSO

Most acidic compound

The compound that reacts faster with Br2 / FeBr3

C vs.

S  K
O  K

vs.

F

F

F

CH

H

H

HO
Cl

HO Cl

B NH H N H

SO3 vs. Si(CH3)3

CF

F

F

CH

H

H

Greater charge deloc. in the conj. base 
makes the acid more likely to give up 
its proton

DMSO solvates cations, like potassium, strongly, but DOES NOT solvate anions very well.  
Therefore the inherent stability of the anion/nucleophile will determine reactivity.  Since 
sulfur's valence electrons occupy a larger shell (the 3rd shell), there is more space to 
distribute the extra electron, making sulfur better able to handle its neg. charge, making it 
more stable and less reactive than the aryl alkoxide anion.

Cl

HO

Cl

OH

achiral chiral

HO OHCl Cl

Placing the lone pair in a p 
orbital gives the molecule 6!  
electrons, making it aromatic

Placing the lone pair in a p orbital gives the 

molecule 8!  electrons, making it antiaromatic. 

Therefore, the lone pair resides in an sp3 orbital, 

making it more available to act as aq base.

S

O

O

O

electron withdrawing group pulls electron 
density from the aromatic ring, making the 
ring less reactive with an electrophile (Br+)

electron donating group pushes electron 
density into the aromatic ring, making the 
ring more reactive with an electrophile (Br+)

Si

CH3

CH3

CH3
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9. Propose a synthesis (sequence of reactions) that will accomplish each of the following transforma-
tions.  Be sure to include the products of each step.   

 
O

Cl

NO2

(6 points)

Cl

O

AlCl3

O O

NO2

HNO3

H2SO4

FeCl3

Cl2

 

 

(8 points)

2 alkenes, both of which 
must be 5 carbons or less

H2 / Pt

OTs

NaNH2

TsCl

pyr

OH
1) BH3•THF

2) NaOH, HOOH

Br

Br

NaNH2 (xs)

Br2

CCl4  

 

 



CHEM116 Fall 2005 Final Exam ANSWER KEY 8 
Prof. Thomas Poon 
Joint Science Department, The Claremont Colleges 
 
 

synthesis (contÕd)... 
 

 

(12 points)

racemic

H2, Pt, Lindlar's

racemicracemic

OTs

Na

TsCl

pyr

OH

1) BH3•THF

2) NaOH, HOOH

racemic

BrNaOt-Bu

HOt-Bu

HBr

 
 

10. Indicate (along each connecting line) the relationship (identical, constitutional/configurational isomers, 
enantiomers, diastereomers, unrelated) of molecule A to each of the structures shown below. (8 points) 

 

H

ClH3C

H

ClH3C

A

B

H

ClH3C C

H

CH3Cl D

Cl

H CH3E

Identical

diastereomers

diastereomers

identical
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11. Determine the structure of the compound that produces the following spectra.  For full credit, assign 

all peaks in each spectrum, including the IR. The M.F. for the unknown is C7H14O2.  (10 points) 
 

 

C=O

no COOH 
or CHO

DU = 1

O

O

a

b

c d e
f

f

 

 

d
e

c
f
b a

 

 

e

f

c b
a
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12. Determine the structure of the compound that produces the following spectra.  For full credit, assign 

all peaks in each spectrum, including the IR. The M.F. for the unknown is C9H10O.  (10 points) 
 
 
 

 

no C=O

DU = 5

a
b

c
e

h
f RO-H

C
=

C
ÐH

OH

b
c

d

g

 

 

g

a

b - f

 

 

b - d

e
f

g

h

 
 
 
 


