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Part 1 ff&5A (710%)

1. Deduce the identity of the compound from the data provided. (4%)
C,H,0: IR (cm-1): 3050, 2820, 2720, 1750 (deep)
"HNMR(®): 1.3 (t, 3H), 2.0 (m, 2H), 2.8 (broad s, 1H),10.0 (t, 1H)

2. How would you use mass spectrometry to quickly distinguish between
the benzyl bromide and 2-chloromethyl benzene carboxylic acid that have

the same molecular mass? (6%)

3. Draw the resonance contributors for the following: (10%)
@)

O :E)H N *

4. Are the following pairs identical, enantiomers, diastereomers, or constitutional
isomers? (12%, 1.5% each)
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5. Predict the number of signals expected, their splitting, and their relative area in
the 'H NMR spectrum of CH,;CCIHCH;. (2%)

6. Provide the mechanism for the reactioﬁ shown below. (6%)

O,N O,N

o) NO, H0 HO NO,
o=< —

O 60

@) @)
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7. Provide the\6-step hydrolysis mechanism for the hydrolysis of amide. (6%)
Q HB*/H,0 g

/C\ —_— C

R”“NH, R” 7 OH

8. Draw newman projections for all stereoisomers of 1-fluoro-3-isopropylcyclohexane,

giving stereochemical details for each structure. (6%)

9. Complete the following reaction sequence, giving structures for compounds A, B,
C and D: (6%)

(CH2)3COK

/ T (CHy)sCOH

H*/H,0 TsCl
S A—" L+ B
Cﬁ NEts \ Ki

> C

4>D
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10. For each of the following target molecules, design a multistep synthesis to show

how it can be prepared from the given starting material: (6%)

OH

11. Propose a mechanism for the following transformation: (6%)

H,0* OH
D T SN

Part2 £:EA (30%, 1.5% each)

1. Which of the following correctly lists the compounds in order of decreasing
basicity?
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A) H20 > HC=CH >NH3 > CH3CH3
B) HC=CH > H20 > NH3 > CH3CH3
C) CH3CH3 > NH3 > HC=CH > H20
D) CH3CHs > HC=CH > H20 > NH3

2. Which alkane is predicted to have the lowest melting point of those shown?

A) n-butane
B) isobutane
C) n-pentane
D) isopentane

3. What is the product of the reaction below?
O

+ ..
/\)j\/\ (CeHs)3P—CHy

DMSO

A)  2-propyl-1-heptene C) 2-propyl-1-pentene
B)  2-methyl-2-pentyloxirane = D) 4-heptene

4. The IUPAC name of the following compound is

H H
H5C CHj;

H H
H H
A) cis-1,2-dimethylcyclohexane. B) trans-1,2-dimethylcyclohexane.

C) 1,1-dimethylcyclohexane. D) cis-1,3-dimethylcyclohexane.
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5. The bond dissociation enthalpies (-AH’) of C-H of methane and ethane are 105.0
and 101.1 kcal/mol, respectively. Which statement is true?

(A)If ignoring C-C bond effects, C-H of methane is 6.0 kcal/mol more stable than
that of ethane.

(B) If ignoring C-C bond effects, C-H of ethane is 6.0 kcal/mol more stable than
that of methane.

(C) Stabilities can be compared since they have different enthalpies.

(D) Stabilities cannot be compared since they give different combustion products.

6. Which of the following is the electronic configuration of the element Co?

A) 15° 25" 2p° 35 3p° 45> 3d%4p"
B) 15?25 2p° 35” 3p°®4s”4p®3d’
C) 1s%2¢” 2p° 3s” 3p°4s' 3d°

D) 1s% 2¢* 2p° 35* 3p°4s' 3d°

7. Inthe dehydrohalogenation of 2-bromo alkanes below, which conformation below

leads directly to the formation of trans-2-alkene

H CH,CH, CHj
H,C Br H,C Br HsC Br
H” T “CHj H CHs H CH,CH,4
H H

H
| I l

A) onlyl B) onlylII C) onlylll D) TandIIL
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8. Identify the least electronegative atom.
A) O
B) S
C) Se
D) Te

9. A molecule of acetonitrile HNO3 contains sigma bonds and

pi bonds
A) 2,2
B) 5,2
C) 4,3
D) 4,2

10. What is the predicted shape, bond angle, and hybridization for CH3?
A) trigonal planar, 109.5°, sp3
B) trigonal planar, 109.5°, sp2
C) trigonal pyramidal, 107°, sp3
D) trigonal planar, 120°, sp2
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11. The compound shown below is the cyclic hemiacetal of
'HO
(@)

CH;

A)  5-hydroxy-2-heptanal.

C) 2-hydroxy-5-heptanone.
B) 7-hydroxy-3-octanone.

D) 6-hydroxyheptanal.

12. What 1s the major product of the following reaction?

"~ HBr
<:37/0H3-——————>
H,O,, hu
Br D
A) B) CHy, © ) CHs
CH3 ‘::>x( (:iy,,CHZBr
Br
Br

13. Which of the following spectroscopic techniques uses the highest energy
of the electromagnetic radiation spectrum?
A)UV ~ B)NMR C)IR D) X-ray

14.

The formal charges on the two nitrogens from left in the following structures
are, respectively

R—N=N=N:

A) +1,-1 B) 0,-1 C) +1,0 D) 0,+1
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15. In the electromagnetic spectrum, frequencies,
wavenumbers, and wavelengths are associated with low
energy

A) high, small, short B) low, small, short, C) high, large, short D)
high, small, long

16. Esters and amides are most easily made by nucleophilic acyl substitution
reactions on

A) alcohols  B) carboxylic acids  C) carboxylates D) acid sulfonates

17. A decrease in conjugation is correlated with in the energy of

the LUMO, in the energy of the HOMO, and in lmax.

A) adecrease, an increase, an increase  B) a decrease, an increase, a
decrease () an increase, an increase, a decrease D) an increase, a
decrease, a decrease

18. Which of the following compounds is an amino acid analog?

c)y O

Ho)k/\NH
/H\NHZ ) e
| 0

A) ~NH2
2

B)
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19. Which halogen forms the strongest bond to carbon?
A) F B Cl © Br D) I

20. What is the IUPAC name for the following compound?

A) methyl benzoate  B) phenyl acetate ~ C) methyl phenylacetate D)
benzyl acetate



