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I. (40 points)

Show how to synthesize 5-hepten-2-one in an efficient manner. You do not have to
control the stereochemistry of the double bond. The carbon atoms in your product must
come from ethanol, acetaldehyde, and/or acetic acid; you may use any other reagents.
Although there are many ways to do this synthesis, the best answer will include an aldol
condensation and a Claisen condensation.

@
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. (30 points)
Rank the following compounds in order of decreasing acidity.

+ /L /L
)\/OH HyN” NCO,H COH

A B c
I I I
CH,—O—P—OH CH3—+-1II—H
OH CH,
D E F

H-Br
/k/NHZ
G

1I. (15 points)

doos

MOST ACIDIC

LEAST ACIDIC

A. What element in the periodic table has the following electronic configuration?

152 252 2p6 352 3p6 452 3d7

B. What is the complete description of the electronic configuration of element 43, assuming

that the orbitals are filled according to the aufbau principle?




11/24/2000 FRI 18:39 FAX 6434330 MOFFITT LIBRARY [doo4

IV. (30 points)

In the presence of NaOH/H,0, isopropyl acetate is hydrolyzed to acetate and isopropyl

aleohol.
)(')l\ /k — i J\
————
_ +
CHj O H,0 CHj O Na' HO

A. Show the stepwise mechanism for this reaction.

B. If the reaction is carried out in 180-labeled water (H;180 = “H,@®"), some of the acetate
ion that is formed has TWO 180 atoms in it.
Show the sequence of steps that accounts for this result.
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V. (30 points)

CH=0 CH=0
HO—7—H H——4—0H
H—7—0CH H—"1—0H
H—1——O0H HO—1—H
CH,OH CH,0H
D-arabinose L-lyxose

For parts A, B, and C below, the choices are: "the same", "enantiomers” or "diastereomers".

A. The two sugars above are

B. Each sugar is treated with NaBH,;
the products from these reactions are

C. Each sugar is subjected to the
Ruff degradation procedure;
the proeducts from these reactions are

D. Write the structure of an isomeric sugar that gives the same product as D-arabinose
on Ruff degradation.

E. What is the name of this sugar?
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VI. (30 points)

A. The interconversion of the two anomers of 2-deoxyribose is accelerated by base.
Write a step-wise mechanism for this isomerization.

HO™ \ :O: O[H “OH HO™\ :O:
OH

HO HO

B.  The interconversion of the two anomers of methyl 2-deoxyriboside is NOT catalyzed
by base; it requires acid instead.
Show the step-wise mechanism for the acid-catalyzed isomerization.

OCH
HO"\ :0: jo H*  HO"\ :o:
OCH,

HO HO
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VIL. (15 points)

Grandisol, the boll weevil sex attractant, is biosynthesized from geraniol (which, in spite
of its name, is a primary component of rose oil).

—
)\/\J\/\OH

geraniol

grandisol

A. Circle the isoprene units in grandisol.

B.  Write a mechanism that might account for the formation of grandisol from geraniol.
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VIII. (35 points)

Write the structures of the prganic compounds in each solution at each step of
the following sequences. Pay attention to the ionization states!
If there is no organic compound in a particular solution, write "nothing”.

Ether layer
Extract
Excess with ‘)
Q 0t NaOH cther
—— —_—
OJI\O
heat

Water layer
Ether layer

Extract
with
ether Add excess Separate
- HCl to phases
bt pH=1
Water layer

Aqueous layer
Ether layer

B.
Ether layer
Extract
Add with J
O 7;( 6 N HCI ether
N —_— —_—
NH, heat
O

Water layer
Ether layer

Extract
with
ether Add excess Se}llbarate
- NaOH to phases
N pH=12
Water layer

Aqueous layer
Ether layer
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IX. (30 points)
nt .
Starting with Na 14CN or Nap 14CO3 (— 14C0Oy) as the source of 14C, along with any other
reagent or starting material, show how to synthesize the following labeled amines.

14
. N

SR Ae
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X. (20 points)
An octapeptide has been isolated from the venom of a rare snake in the Amazon
rainforest. The analytical instrument that Sean Connery used in "Medicine Man" is
broken, but you have narrowed down the sequences to the four possibilities below.

NH, HNY NH,

Sequence IJ\ J\j (QLJ\ erH L [EE:H

H,N™ "CONH~ "CONH  "CONH™ "CONH" "CONH
NH
e v

: HN.
Sequence 2 Z OH NH
’L f\ g : ” : ’LCONH’HC:JNH'L)C;H

H;N™ "CONH™ “CONH™ “CONH" “CONH"™ “CONH

NH, HNﬁ, NH,

Sequence 3 : OH j NH
lCO NH™ "CONH ’HC;NH J\COQH

HN” “CONH” “CONH” “CONH” “CONH
HNYNH2

NH,
ﬁ\ J\ CONH CONHI(EZNHJ\COZH

H,N" "CONH™ "CONH™ “CONH~ “CONH

Sequence 4

Name the first 6 amino
acids in this sequence.

Treatment of the octapeptide with chymotrypsin gives a tetrapeptide, a tripeptide, and
a free amino acid, while frypsin gives a pentapeptide, a  dipeptide, and a free amino acid.

A. Which of the four sequences above is/are consistent with this information?

B. What test would you apply to the octapeptide to distinguish between these possibilities?
Describe what reagent(s) you would use and what you would look for.

10



11/24/2000 FRI 18:40 FAX 6434330 MOFFITT LIBRARY [do11

XI. (15 points)

The reaction of 1,3-butadiene with methyl acrylate (Reaction 1) is a typical example of a

Diels-Alder reaction:
O O
= ,
+ HL OCHj,3 —_— OCH,
x I

This reaction can also be carried out with substituted analogs of the diene component
(Reactions 2 and 3).

Reaction 2 O
Reaction 3 CO,CHj
CI oo — QY

A. Do you expect Reaction 2 to be faster or slower than Reaction 1?
Give a brief explanation of your choice.

Reaction 1

B. Do you expect Reaction 3 to be faster or slower than Reaction 12
Give a brief explanation of your choice.

11
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XIL. (20 points)

Predict the major products of each of the following reactions.

This is tricky!

o AIC,

+ ﬁ
@ “ A

NO,

+ 2 moles Br, FoBr
3

HNO,
——etettrrrerreree -
CH;0 O O H,S0,

mono-nifro product

Y

H,S0,

12
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XIII. (30 points) .
Show how to prepare the following compounds, using benzoic acid or toluene as starting

materials.

CO,H
O,N” t e

COH
O,N” i
Cl

CO,H
NO,

CO,H

he

NO,

13
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XV. (30 points)

The isolation of the cyclobutadienyl iron carbonyl complex, depicted below, was a land-
mark in organometallic chemistry, since it represented the first compound with a
“cyclobutadiene” group. This complex is uncharged.

H H H> _H
H ‘ H H~ * \ H
Fe(CO)p, Fe(CO)y,

A. How many CO groups are required to fulfill the 18-electron rule?

(NOTE: All the n-electrons of the cyclobutadiene complex are involved in
bonding to the metal.)

B. Several schemes can be written to account for the stable bonding arrangement in
this compound. What oxidation state would you assign to the
metal atom if the organic ligand (C3Hy) has aromatic character?

C. Justify your answer by providing an account of the electronic structure of this
complex by filling in the boxes below.

Number of electrons Contribution to
Charge on each unit contributed to valence the net charge
_\ shell of metal ) of the complex )
[Cyclobutadiene]
( B.) N
answer to B.
Fe _—>
R
. (answer to A.) CO —
18 0
Total electrons Total charge
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