Chem 34
rganic Chemistry | Final Exam - KEY

12 December 2006

NAME

Please read through each question carefully and answer
NH,| 9l in the spaces provided.

Friedrich Wohler ¢ [OCN] NH"- ~o-¢c_
18001882 ) Hm,,s,“,,\:jj A good strategy is to go through the test and answer all
the questions you can do easily. Then go back and

tackle the more difficult problems.

Please make sure your structures are drawn clearly
and indicate any necessary stereochemistry with
UTSCHE BUNDESPOST| 8l bold or dashed bonds.

o Finally, think about what you know. Reason and common
sense can often help you out.

You may use the back of the pages for scratch paper.

Problem 1 12 pts Problem 9 9 pts

Problem 2 12 pts

Problem 10 9 pts

Problem 3 12 pts Problem 11 33 pts

Problem 4 12 pts

Problem 12 12 pts

Problem 5 12 pts

Problem 13 12 pts

Problem 6 8 pts

Problem 14 28 pts

Problem 7 21 pts

BONUS  15pts

Problem 8 8 pts

TOTAL 200 pts
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1. Fill in the missing groups on the front carbon in the Newman projections for the conformers of

butane. (12 pts)

anti-butane

lower energy eclipsed

gauche-butane

higher energy eclipsed

2. Draw a structure corresponding to each of the following names. (12 pts)

a) E-3-methyl-1,3-heptadien-5-yne

b) 3-(1,1-dimethylethyl)-2,2-dimethylhexane

c) S-cis-4-chloro-2-pentene

-

/

3 For each of the following pairs of conformers, circle the one that would be LEAST stable (higher

energy). (12 pts)

CHs

CHj

H CHs
b) or
H
CH4

CH4
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CHs

CHs

CH3
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HsCH
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or H3CmCH3

or
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4. For each molecule below, indicate how many different resonances you would observe in the
proton and carbon NMR. (12 pts)

Number of Number of Number of Number of
'H Resonances  '3C Resonances 'H Resonances  '3C Resonances

Br

N=\

\\/NH 4 3
o)

CHs
Br
P 4 T 6 5

Cl
2 2 Q 1 2
Cl Cl

5. For each reaction below, place a check box that corresponds to the type of reaction. (12 pts)

3 5

/

addition  elimination substitution rearrangement

o= o D )
Oz e () (0 ()
g
T

I E N N
- 2y [ O

6. The chlorides shown belown can elminate in more than one way. Each isomer provides a
different product upon treatment with KOH. Draw the major product for each. (8 pts)

%iCl KOH . ,Cl  KOH :
",,/ —_— > "',, - . ( %\%

major product major broduct
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7. Provide the missing major organic product, the starting organic reactant, or the reagents for the
following reactions. Be sure to indicate any stereochemistry clearly. (21 points)

0

qN—Br OH
(NBS) B

(a) @ij 0] -
H,0
Br
CHCls, KOH Cl__Cl
SR A
F) ooy HI(OAC), l
(25 °C)
(c) y {z) \ J Q(OH
aBH,
( H
Hz
@ OO Pd / graphite ] (ji)
L H
[ KOH, or RONa
o O -7
CHol,
Zn(Cu)
0 7 - | B
1)0304 z
9 @( 2)NaHSO; <:=EOH
- "OH
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8. The following energy diagram illustrates two reaction pathways starting from the same fictitious
starting material 1. On the diagram show the activation energies for each with an arrow. (8 pts)

a) Which reaction has the fastest
A A reaction rate (circle one)?

Reaction 1 Reaction 2

b) Which reaction produces the most

Reaction 2 stable product (circle one)?

Reaction 1 Reaction 1 | Reaction 2

reaction progress

9. For each molecule below, circle the m/z you would expect to see for a significant fragment peak
(perhaps the base peak) in the mass spectrum. (mass of C=12, H=1) (9 pts)

(a) ©/\/ (b) /\(\ © /\©/

expected fragment m/z expected fragment m/z expected fragment m/z

91 105 120 69 83 98 91 105 119

10. For each of the molecules below, circle the IR stretching frequency you would expect to observe
for that molecule. Do not circle more than one answer in each case. (9 pts)

0
@ @/v ® ©
expected IR absorbance expected IR absorbance expected IR absorbance
3300 3069 1720 3300 3069 1720 3300 2210 1720
(strong) (strong) (strong) (strong) (strong) (strong)
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11. Provide the major organic product for the following reactions showing any stereochemistry clearly
if necessary. (33 pts)

Br

oa

Br

N

<

@ :
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Br, HCI
1 equivalent __ excess
/
e (O B
cat. HgSO, Lindlar's Cat.
g H,SO,4 Hy
H0 KMnO,
0]
O o
TosClI
SOCl, pyridine
- _—
1) Mg metal
2) HQO (CH3CH2)ZCUL|
e
g NaSCH3 CH3CH20Na
DMSO CH3CH,OH
\ \SCH3
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12. Shown below are the "H NMR spectra for three different compounds. These spectra corresond to
three of the five compounds that are drawn for you A-E. Match the correct structure to the correct
NMR spectra. (12 pts)

IS RS VRS GRS T O

A B C D E

"'I"Yll'l"ll’llllll'l]l'l'
0.5 0.0 9.5 8.0 B.E 8.0 7.5 7.0 G6.5PPN 3.0 2.5 2.0 1.5 1.0 PPM
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13. Shown below are the 3C NMR spectra for three different compounds. These spectra corresond

to three of the five compounds that are drawn for you A-E. Match the correct structure to the
correct NMR spectra. (12 pts)

T O e oA
B

128.4
2 peaks
overlap
128.1
125.5
380 "% 138
solvent
142.6
1 1 | | 1 1 L L L L |
Z00 TEO TG0 40 TZ0 TOD au [511] a0 Z0 1}
solvent
[ T T R L - e o TSR A o ety
= 1 1 1 1 1 = 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 = 1 i
260 166 ]
solvent
P S b S B B Ve - sl . TR C
} 1 1 1 1 1 % 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 { 1 i
260 166 ]
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14. The proton NMR and IR spectra for an unknown compound with the molecular formula C4H100
are shown below. Answer the following questions about this spectra. (28 pts)

a) How many units of unsaturation does the molecule have? { 0

b) What kind of functional group is present?

alcohol }

C) Which IR peak is indicative of the functional group? (circle one)

3339 cm'] 2597 cm™' 1471 cm™ 1041 cm™

d)  Which of the proton resonances belongs to methyl groups? (circle one)

3.90 ppm 3.40ppm 1.75ppm [0.90 ppm

e) Which of the proton resonances would you expect to disappear if the sample were
shaken with D,O? (circle one)

3.90 ppm 3.40ppm 1.75ppm  0.90 ppm

f) What is the multiplicity (how many peaks is it split into) of the resonance at 1.75 ppm?

doublet quartet  septet octet | nonet

( N\

Ao

g)  What is the structure of this molecule?

6

T T l T T T T ] T T T T T T | T T [ ¥ L3 L3 LS '
4.0 3.5 3.0 2.5 2.0 1.5 1.0 PPN 0.5
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BONUS PROBLEMS (5 points each) ©

1. On the first day of class this year | discussed the reaction shown in the stamp on the front page
of this exam. Briefly describe the significance of Wohler’s work.

This was the synthesis of Urea - the first time an “organic” molecule was synthesized from

purely inorganic starting materials. No vital force of life.
OH

2. Draw the structure for Sucralose (aka - Splenda). cl ° cl

HO
OHo 0 Cl
Sucralose OH

HO

3) Androstenedione belongs to what class of compounds? What is it's biological role?
Steroids, male sex hormones
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Infrared Stretching Absorptions

Functional Wavenumber Absorption
Group Range (cm™) Strength notes
| :
—C-H 2850-2960 medium-strong below 3000
I
— (I)-H 3020-3100 medium above 3000
=C-H 3300 strong above 3000
O-H 3400-3650 broad-strong
_CEC_
—C=N 2100-2260 medium
c-0 1680-1750 strong
Typical NMR Chemical Shifts
Functional Type 'H Chemical 13C Chemical
Group Shift (ppm) Shift (ppm)
I
—(l.‘.-H Alkane 0.7-1.8 10- 60
| :
_ Allylic or next
—C_(l:_H to Carbonyl 16 - 24 30 - 60
I next to
X-C-H halogen or 25-40 20 -85
I alcohol
II I tt
next to
C—0-C-H oxygen of an 4.0-5.0 50 -85
I ester
| vinylic i i
—C-H y 45-65 110 - 150
=C-H acetylenic 2.0-2.5 65-90
RN C/H
| aromatic 6.5-8.0 110 - 140
=
(o)
[l aldehyde 9.7-10.0 190 - 220
—C-H
varies widely
O-H alcohol will exchange with D,O N/A
0 carbonyl of
ester, amide, or
_ I.I,—X carboxylic acid N/A 165 - 185
(X=0,N)
0 carbonyl of
Il ketone or N/A 190 - 220
—C— aldehyde
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