Name:

All answers should be written CLEARLY in the space provided. (If it's not clear, it's wrong).

(Print your name clearly!)

Sametz: CHEM 322 2010

Organic Chemistry Final
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You may raise your hand to ask a question if you are unsure what a question is asking of you.



Part I: Multiple Choice (18 points)

1. Chemical shift is:

a. the area under a given signal

b. the total number of neighbors that a given hydrogen has

c. the location of a signal along the x-axis, reported in ppm

d. the number of peaks into which a signal is split

e. the distance between the individual “lines” in a signal, reported in Hz

2. Which of the following compounds corresponds to the *H NMR spectrum shown here?
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3. To which structure does this *H NMR spectrum correspond?

3H
2H [

J

Ik

10 9 8 7 6

5 4 3 2 1
0 d. 0

0 €. 0

0
HOJH/\



For the following compound:

4. How many signals do you expect to see in the proton NMR?
a) 3
b) 4
c)5
d) 6
e9

5. Which of the protons on the indicated carbons should appear the furthest downfield in the
proton NMR?

a)a

b) b

c)c

d) d

e)e

6. What should be the splitting pattern of the protons at position “a”?
a) singlet

b) doublet

c) triplet

d) quartet

e) pentet



Part 1l: Short Answer (18 points)

7. (5 points) For each of the following chemical species, indicate whether they are aromatic,
antiaromatic, or neither:

00 0O & o

Questions 8-12 (7 points) refer to structures a-f below:
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8. Which one of the six structures is an L-sugar? __

9. Which two of the six structures are ketoses?

10. Which structure(s) is/are in their furanose form?

11. Which structure(s) is/are in their pyranose form?

12. Which one of the six structures is shown as a f-anomer?

13. (6 points) The structure of aspartame (NutraSweet™) is shown below. Show the products
that would result if it were completely hydrolyzed in agueous acid. HINT: no content from the
food chemistry lectures is required to answer this question



Part 1ll: Reactions and Synthesis (84 points)

14. (48 points) Give the major organic product(s) for 12 of the following 15 reactions: YOU
CAN SKIP 3 problems by checking the “SKIP” box.

a. USKIP this one
NBS
0
b. QSKIP this one

©+|L A

Cl
c. dSKIP this one
NO
2 H2
Pd/C
d. ASKIP this one
NO
2 Cl,
FeC|3
e. ASKIP this one
(0]
Br
/J\m
AlCl,

OCH;

f. ASKIP this one

Cr03

\T/A\//\OH
pyridine




g. ASKIP this one
0]

©)J\H

h. ASKIP this one

.

i. ASKIP this one

@)

A~

j. ASKIP this one

\/\Br

k. QSKIP this one

~">NH,

H+

1) Mg

2) 0

©*H

3) H;0*

1) NaBH,

—_—

2) H*

1) PhaP

—_—

2) n-Buli

DCC



|. ASKIP this one

O (0]
NaOH
* H
aq. EtOH

m. ASKIP this one
(@) OH

CH,N,

Br

n. ASKIP this one

| ()

(@)
\)K/\OH

H+
0. SKIP this one
O
OMe NaOMe

OMe



15. (36 points) Provide reagents to effect the following transformations. DO 12 OUT OF 15
PARTS. (YOU CAN SKIP 3 parts of Problem 15 by checking the “Skip” box).

a. ASKIP this one

NH, N,*CI

>

b. SKIP this one

N,*CI OH

C

c. ASKIP this one

Sage SR

d. ASKIP this one

e. USKIP this one

OH

o




f. ASKIP this one

O

s

g. ASKIP this one

O

\)J\/

h. ASKIP this one

O
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/\N/\
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i. ASKIP this one

U
OEt

j. USKIP this one

o

A~

k. QSKIP this one

0]

ijAOH




|. ASKIP this one

O
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m. ASKIP this one

O
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n. ASKIP this one
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0. USKIP this one
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16. (10 points) Give a detailed mechanism for 1 of the following 4 reactions. If you work on
more than one, clearly indicate which one you wish to be graded for credit; otherwise,

your first answer will be the one graded.

a)
HNO, NO,
H,S0,
b)
o) 1)NaOMe (o) 0]
OMe 2) H;0* MOMe
c)
/ji\ Ha0* 0
OCH, H,0 AOH
d)

O

\)J\OCH3

1) excess CH;MgBr

2) Hy0"

OH

P



Extra space for Question 16



Multistep Synthesis (10 points)

17. Choose one of the following four synthesis problems.
Show how you can synthesize the product on the right from the
indicated starting material on the left. You can show a
retrosynthesis for partial credit, but full credit requires writing
out a sequence of forward reactions (see box at right for an
example).

If you work on more than one problem, clearly indicate
which one you want graded for credit (otherwise your first
answer will be graded).
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Extra space for Question 17



Part IV: Spectroscopic Analysis of an Unknown Compound (10 points)

18. The *H NMR and IR spectra for a compound with the formula C4H,0 are shown on the
following page. The numbers above each signal on the NMR correspond to their integration.
Note the expansion of the signal at ca.1.75 ppm that is provided for clarity. Also: the signal at
3.9 ppm disappears when the sample is shaken with a drop of D,0.

The **C NMR (not shown) has 3 signals (at 69.6, 30.8, and 18.8 ppm).

Using the space below to show your work, identify the structure of the compound. Use the *H
NMR data to construct a table (chemical shift, integration, multiplicity, assignment) to identify
structural fragments, then arrive at the structure. You are being graded on your analysis.
Any use of the degrees of unsaturation, IR, 13C NMR, or explanation of the D,O test, will be
considered for extra credit.






Extra Credit! (20 points)

Some mice from the field behind my property have moved into my house. The following
guestions pertain to mouse pheromones and pesticides.

19. (2 points) | mentioned in one class that some millipedes use mandelonitrile as a chemical
weapon. The enzyme mandelonitrile lyase breaks mandelonitrile down to simpler compounds.
One of them is a poison that is produced in large enough amounts to kill a mouse.

OH
mandelonitrile lyase
CN "

What toxin is formed? (Hint: what class of compounds does mandelonitrile belong to, and how
are they synthesized? If you know that, then you should know what the toxin is.)

Questions 20-21 involve pheromones found in mouse urine.

20. (3 points) 2,3-dehydro-exo-brevicomin is a component found in male mouse urine and is
believed to trigger puberty acceleration in female mice. Two representations of this compound
are shown below:

2,3-dehydro-exo-brevicomin

In theory, this compound could be hydrolyzed in agueous acid to provide a carbonyl-containing
compound. Draw the structure of this hydrolysis product.



21. (3 points) a-farnesene is another compound, formed in the male’s preputial gland, and
believed to have a similar effect on females. It is also a component of hops, which are used to
preserve and give flavor to beer. a-farnesene tends to decompose, in part because it is a good
diene for Diels-Alder reactions.

Show the product of the following Diels-Alder reaction:

= = X

a-farnesene

22. (12 points) Warfarin and related derivatives (“super-warfarins”) are blood thinners that are
often used for pest control. The following chemical steps are taken from a synthesis of the
super-warfarin brodifacoum. Provide reagents for each of the indicated steps (the reaction
arrows with boxes around them):

BrLi BrCHZOH

r

brodifacoum



TABLE 15.6 Soms"3C Chemical Shifts

Type of Carbon Chemical Shift (£]" Type of Carbon G hemical Shift [o)"
Alkares Alcohots, alhers
et 030 0 BO-20
Metmdens 15-E6 Aminas
Methina 25-E6 C—HM 4020
Guatemary 040 Halogans
Akeres —F T0-80
C=C E-145 &—ad 2550
Alkynas C—Er 10-40
Comi 720 -1 20110
Aromalics 110470 Carcomds, G=0C
Bamane 1287 RAzC=i 190220
AN C=0 = D00 M 1501480

The chermical shit § Is In parls parmiBon {ppm) Fom THE.

TABLE 15.4 Chemical Shifts of Various

Hydrogens®?
Hydrogen & (ppm)
CHa 0.8-1.0
CHa 1215
CH 1417
C=C—CH (allylic hydrogens) 1823
O=C—-CH 2.0-25
Ph—CH {benzylic hydrogens) 2328
=C—H 25
RzN—CH 2.0-3.0
I-CH 2833
Br—CH 2.8-35
Cl—CH 3.1-3.8 . .
- on i Some Useful IR Stretching Frequencies
O-CH 3.1-3.8
~CH; femina akere) 50
C=CH (intemal alkene) 4555 O-H (alcohol) 3650-3200 Strong. broad
Ph—H (aromatic hydrogens) 7075 O-H (carboxylic 3300-2500 Strong, very broad
0=CH (aldehyde hydrogens) 9.0-10.0 acid)
RCOOH 1013 N-H 3500-3300 Medium, broad
3These values are approximate. There will surely be examples that cH 00-2700 Medium
lie outside the ranges Indlcatled. Use them as guidelines, not C=N 2260-2220 Medium
“etched In stone” inviolable numbers. c=C 2260-2100 Medium to weak
B\\atch oLt for loose talk. For example, *aromatic Rydrogen” means Cc=0 1780-1650 Strong
a hydrogen attached to a berzene ring. C-0 1250-1050 strong



