
Name:__________________ 

Final Exam - Chemistry 211 
 

Friday, December 6, 2002 - 3:00 PM until the cows come home 
 

Show all your work to receive partial credit. Try to use pencil! Browse over the 
whole exam and work on the questions that you feel more comfortable with first!  

 
1) (20 points) a) Provide IUPAC names for the compounds drawn below, and 

draw the structures for those whose names are provided using bond-line 
representation. Make sure to draw the right enantiomer when the 
stereochemistry is specified, and provide the stereochemistry for the chiral 
centers on the compounds you name. 

 

Br

(4) (2R,4S)-2,4-(difluoromethyl)-3,3-dimethylpentane

(2) trans-1-ethyl-3-(tribromomethyl)cyclobutane

(1)

(3)

OH

 
 

b) Draw the Fischer projections of compounds 1 and 4 from part (a). 
 
c) Are there any meso compounds? If so, mark them clearly. 



Name:__________________ 

2) (20 points) You decided to brominate the following compound using Br2 and 
light (h! ): 

 

C1

C2

C3

C4

 
 
a) What will be the propensity to bromination of the four carbons indicated by 

the arrows? Explain your answer clearly in terms of the stability of the 
radicals formed in each case. 

 
b) Draw all the possible products from bromination at the carbon you 

determined in part (a). 
 

Hint: Remember the hybridization and geometry of the radical 
intermediate… 



Name:__________________ 

3) (20 points) The thiocyanate ion (SCN) is a commonly used ‘sulfur 
nucleophile’. This means that it is used to introduce sulfur into a compound 
through SN1 or SN2 reactions. However, if you look at the structure drawn for 
the ion, you may notice that the negative charge appears on the nitrogen. 

 
a) Draw the Lewis and bond-line structure for the thiocyanate ion as 

presented above. 
 
b) Using bond-line representation, draw two resonant forms that will 

contribute to the thiocyanate ion structure. Remember to include all non-
bonding electrons (i.e., don’t forget the lone-pairs…), and account for the 
movement of electrons properly when going from one resonant form to the 
other. 

 
c) Draw a detailed orbital diagram for the two resonant forms of the 

thiocyanate ion you proposed in part (b). Make sure to place the bonding 
and non-bonding electrons in the proper orbitals, to label the hybridization 
of all the atoms, and mark the different bonding orbitals as "  or # orbitals. 

 
d) Now that you have the two resonant forms of thiocyanate, can you explain 

why SCN is a ‘sulfur nucleophile’ and not a ‘nitrogen nucleophile’? 
 

Hint: Remember that even though nitrogen is a bit more electronegative 
than sulfur, sulfur is bigger and its outer shell orbitals are more diffuse… 



Name:__________________ 

4) (20 points) For the following disubstituted cyclohexanes: 
 

BrBr

OHCl

(1) (2) (3) (4)

 
 

a) Draw them in their two possible chair conformations and, if applicable, 
indicate which one will be more stable. 

 
b) Calculate the ratio between the two conformers of compounds 1 and 4 

that exist in equilibrium at 100 oC (100 oC, not 25 oC!). 
 
c) When compounds 2 or 3 are treated with potassium tert-butoxide (tert-

BuOK) in acetone (CH3(CO)CH3) the same product is obtained. However, 
it takes only a few seconds for the reaction to go to completion with 
compound 2, but several hours with compound 3. Draw the product of this 
reaction, and explain clearly the differences in reactivity observed based 
on the mechanism of the reaction. 

 
 Additional information:  Chlorine (Cl-) 1,3-diaxial energy = 0.52 Kcal/mol 
   Hydroxy (HO-) 1,3-diaxial energy = 0.94 Kcal/mol 
 
 Hint: If I don’t give you information you think you need, think again… 



Name:__________________ 

5) (20 points) For the following bimolecular substitution reactions: 
 

LiAlH4, THF

Cl

O

I

Acetone, NaBr
1)

2)

3)

Cl

OH3C

O

DMF

Na

 
 

a) Predict the products and write a detailed mechanism for their formation 
(i.e., push electrons…). For cases in which you suspect there will be no 
reaction under the conditions specified, explain your reasoning clearly. 

 
b) For the substrates/products with chiral centers, determine their absolute 

stereochemistry before and after the reaction. 
 
c) For products that can exist in different conformations, make sure that you 

draw the most stable ones in the appropriate representation (i.e., 
chairs…). 

 
d) Do any of the reactions ‘destroy’ chirality? That means, do you get an 

optically inactive product from any of the reactions? 
 



Name:__________________ 

6) (20 points) Consider compounds 1 and 2 given below: 
 

H3C

CH3

Br(1) (2)

Br
H3C

 
 
 You carried out a number of experiments on them, and found the following: 
 

¥ When treated with sodium methoxide (NaOMe) in acetone (CH3(CO)CH3), 
compound 1 gives three different products, while 2 furnishes a single 
product. 

 
¥ When treated with potassium tert-butoxide (tert-BuOK) in tert-butanol (tert-

BuOH), compound 1 gives a mixture of two isomers, while compound 2 
gives a single product. 

 
¥ When treated with potassium tert-butoxide (tert-BuOK) in dimethyl 

sulfoxide (DMSO), compound 1 gives a mixture of two isomers, while 
compound 2 reacts extremely slowly, and no products are detected after 
several hours. 

 
 Provide a reasonable explanation for all the observations presented above, 

give the structures of all products, and provide clear mechanisms for their 
formation. 

 
 Additional information:  Bromine (Br-) 1,3-diaxial energy = 0.55 Kcal/mol 
   Methyl (H3C-) 1,3-diaxial energy = 1.70 Kcal/mol 
 



Name:__________________ 

7) (20 points) a) Draw a three-dimensional representation (i.e., chairs…) for the 
following fused ring system. Pay attention to cis/trans fusions. 

 

H3C

CH3

CH3

H

 
 

b) For the following fused ring system presented as a three-dimensional 
structure, draw it in its flat bond-line representation. Again, pay attention to 
the cis/trans fusions.  

 

H3C

CH3

H

CH3

 



Name:__________________ 

8) (20 points) For the following reaction schemes: 
 

Br Br

H H

OO

Mg, THF

KOH,
Acetone

Intermediate 2

Intermediate 1
Conditions 1

1)

2)

Final Product
(A cis hydroxy- 
cyclohexanol)

Br

OH
O O

Br
PCC,

CH2Cl2

Conditions

1

Conditions

2

Final Product
(A symmetric trans diol 
that has two cyclohexene
rings fused to a 
cyclobutane)

Intermediate 1 (See Note below...)

i) THF

ii) H2O

i) Li, THF
ii) H2O

 
 

a) Provide the structure of all the missing intermediates and reactions 
conditions (reagents and/or solvents), and the structure of the final 
products. No reaction mechanisms, just the structures and conditions. Use 
additional space to draw the structures if the space in the boxes is not 
enough. 

 
b) To what type of reaction do the conditions that you provided above 

correspond? 
 
Note: Try considering things in pairs to get to the final product… 



Name:__________________ 



Name:__________________ 

 


