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 2009

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 | Multiple Choice and Short Answer(28 points)

1. (Multiple choice, 4 points) Which of the following is an aldopentose?

CHO CH,OH CHO CH,OH CHO
H——OH =0 H——OH —0 H——OH
HO——H HO——H HO——H HO——H HO——H
H——OH H——OH HO——H H——OH H——OH
CH,OH CH,OH H——OH H——OH H——OH
CH,OH CH,OH CH,OH
a b c d e

2. (8 points) Indicate for each of the following species whether they are aromatic, antiaromatic,
or neither:

"y Xy @ ()

3. (6 points) Give IUPAC names for the following molecules:

0o O
MH OCHj

NO,



4a) (6 points) We have seen several examples of reactions that give one major product under
kinetic conditions and another major product under thermodynamic conditions. Give an
example of one such reaction. Indicate which product is favored kinetically, which is favored
thermodynamically, and give appropriate conditions for the formation of each.

b) (4 points) We have seen several reactions where an otherwise reversible reaction is driven to
completion by an (essentially) irreversible step. Give an example of one such reaction, and
show the step in the mechanism that is (essentially) irreversible.



Part Ill: Reactions and Synthesis

5. (68 points) Give the major organic product(s) for 17 of the following 24 reactions: YOU CAN
SKIP 7 problems by checking the “SKIP” box.

a. USKIP this one

O
NBS
. NBS = N—Br
hv
(0]

b. SKIP this one

CHs
Z 1) KNH,/NH;

2) H,0

c. dSKIP this one

-
+ t
CO,CHj

d. ASKIP this one

e. SKIP this one
© Na/NH3
EtOH

f. ASKIP this one




©\ KMnO,

g. USKIP this one
O
H,NNH,
A
h. QSKIP this one

1) MeLi
H
2) H,0

0]

i. ASKIP this one

0 O

NaOH
ol “*©

j. ASKIP this one

o o 0 NaOCHj

MQOMOMG : )J\ CH30H

k. QSKIP this one

0

PhgP=CHCH,CH,

|. ASKIP this one







m. QSKIP this one

(@)

n. ASKIP this one
O .
1) LiAlH,
OH

0. ASKIP this one

o) 1) 2 equiv. LDA

MOH 2) CHyl

p. QSKIP this one

Br 1) Mg
O/ 2) CO,

g. ASKIP this one

O O

)J\O )J\ +  (CHgNH ~ ———

r. ASKIP this one



O

. )Oi pyridine
[ j Cl -

s. SKIP this one
jfji::] NaOCHs
(@]
[::]/ CH50H
(@]

t. ASKIP this one

o) 1) EtMgBr

OMe 2) H,0O

u. ASKIP this one

O O +
H30
OCH,
v. ASKIP this one
0 Hs0*

A~

O

w. LSKIP this one

2 1) LiAIH,

X. SKIP this one




i )
ij/\OH o)
H+

6. (15 points) Provide reagents to effect the following transformations. DO 5 OUT OF 7
PARTS. (YOU CAN SKIP 2 parts of Problem 8 by checking the “Skip” box).

a. USKIP this one

o) [\

J 6

b. ASKIP this one c. ASKIP this one

: »
\)J\/ \)\/

d. ASKIP this one

@)

O

e. USKIP this one

O O

OH
OH
OH O
é)koa C)koa
=<
H

f. SKIP this one

D

OH

g. USKIP this one



O O o

OEt -~

0]

7. (10 points) Give detailed mechanisms for 2 of the following 4 reactions.

a)
H+
0 HsCO OCH;
I CH3OH
b)
o) NaOH 0
+ CH30H
)J\OCHg, H,0 Ao@ Na~
c)
0 HsO* 0
NH, AOH
d)

0 H;0" 0




Multistep Synthesis (9 points)

8. Choose TWO of the two following four synthesis problems.
Show how you can synthesize the product on the left from the
indicated starting material on the right. 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).

Examipl

— L
i 3 e
Your Answer showld look like this

O

a)
CO,Et HBr
CHj
from Qm Mg anr
NH,
b)
=
from Q and any reagents with 5 or fewer carbons
c)
Br
from /O/
HO
d)

@) . .
from )K/COzMe (hint: alkylation followed by aldol)

CO,H




Part IV: NMR Spectroscopy

9. (8 points) The spectra for ethyl butyrate and propyl propionate are shown below. Determine
which spectrum belongs to which compound. To obtain credit, you must explain how you
determined which is which. It's not necessary to analyze every signal in order to reach your
conclusion.

0] O
/\)ko/\ \)J\O/\/
ethyl butyrate propyl propionate

l 1 J.’JL




10. Spectroscopic Analysis of an Unknown Compound (10 points)

The *H (bottom) and *3C (top) NMR spectra for a compound with the formula CgH1,0- is shown
below. An expansion of the '"H NMR, and an IR spectrum, are shown on the following page.
The numbers on the NMR expansion indicate the integrations for each signal.

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, or *C NMR data will be considered for extra credit

CDCly QE-300
240 220 200 180
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Extra Credit! (20 points): Chemical Synthesis of Fexofenadine (Allegra®).

This exam was written while | suffered from seasonal allergies. Answer as many of the
following questions as you can for extra credit.

11. (9 points) For the following synthesis of fexofenadine, provide the missing reagents:



0
Br
Ph m
EtOZC@NH Phﬁ—CNH
HO

Ph = CgHs =

Ph O Ph H
(e 9 Py N o
HO HO

Intermediate A

Br Br
NaOH
CN hint: the a-hydrogens CN
of nitriles are slightly acidic;
nitriles can be alkylated in the
same manner as ketones and
esters.
Br Li
1) NaH Intermediate B
2) n-BulLi
O
CO,H COy
P
Intermediate A + Intermediate B —— %N
HO
OH
fexofenadine
(Allegra®)
CO5H

12. (3 points) Based on what you'’ve learned so far, the organolithium Intermediate B looks
unstable. Can you show a possible side reaction where it reacts with itself?



13. (2 points) Fexofenadine looks like it would be acid sensitive. Point out a part of the
molecule that looks suspiciously sensitive to acid and explain why.

14. (4 points) An alternative synthesis involved the following reaction:

CO,Et

(\o CO,Et H,O*

O

OH
HO

Explain how this transformation occurred.



15. (2 points) Another synthesis involved the following reaction:

O

CIMCI CO,Et

Cl

CO,Et

AICI,

This is another reaction that looks potentially messy. Can you forsee possible complications in
this reaction?



TABLE 15.6 Same 'S Chemical Shita

Type of Carbon

Alkares
Metrry
Mettyiene
Mettina
Custemary

Alkeres
Cmil

Alkyias
CmiC

Aromatics
Barzare

*The chamica shift & Iz In parls parmilon ppmi) from THE.

Chemical ShiFt (£)*

030
1556

720
110170
128.7

TABLE 15.4 Chemical Shifts of Various

Hydrogens®®

Hydrogen

CHs
CHa

CH

C=C—CH {allylic hydrogens)
0=C—CH

Ph—CH (benzylic hydrogens)
=C—H

RaN—CH

I-CH

Br—CH

Cl—CH

F—CH

O-CH

=CH; (terminal alkeng)
C=CH (intemal alkene)
Ph—H {aromatic hydrogens)
0O=CH (aldehyde hydrogens)
RCOOH

& (ppm)

0.8-1.0
1.2-1.5
1.4-1.7
1.8-2.3
2.0-25
22328
2.5
2.0-3.0
2.8-3.3
2.8-3.5
3.1-3.8
4.1-4.7
3.1-3.8
5.0
4.5-5.5
7.0-7.5
9.0-10.0
1018

3These values ars approximate, There will surely be examples that
lie cutside the ranges indicated. Use them as guidelines, not

“etched in stone” inviolable numbers.

B\Watch out for loose talk, For example, *aromatic hydrogen” means

a hydrogen attached to a bernzene ring.

Type of Carbon

Alcohiols, sthers
G0

Aminas
oM

Halogans
o-F
o0
C-Br
o1

Carboms, G0
ReC=0
NGO (= O OF )

@ hemical Shift (3"

T80

1040
20110

190220
150140

Some Useful IR Stretching Frequencies

Frequency (cm)

O-H (alcohol) 3650-3200
O-H (carboxylic 3300-2500
acid)

N-H 3500-3300
C-H 3300-2700
C=N 2260-2220
C=C 2260-2100
C=0 1780-1650
C-0 1250-1050

Strong. broad
Strong. very broad

Medium. broad
Medium
Medium
Medium to weak
Strong

strong



Cyanohydrins

Kinetic enolate

Td enolate

Reagents: Sandmeyer seres; cro3/pyr vs. h2cro4
Michael

SOCL2Saponification

Claisen

Aae/me;

O alkylation

Crossed claisen



