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Exam | — Principles of Organic Chemistry |l - CH 212
February 26™ 2004 — 1:00 PM to 3:00 PM

Look over the whole exam and work on what you feel more comfortable FIRST!
Show all your work if you want to receive partial credit. Use front and back of
each page to write your answers. Be clear and concise, and use PENCIL to avoid
making a big mess...

1) (30 points) Provide the structure of the products and intermediates for the following
reactions sequences, giving clear mechanisms for their formation. Indicate the
stereochemistry of all chiral centers in the final products if these are optically active.

a) /O
4 NaBH,, EtOH KOH, DMSO NaN;, DMF
> 1 > 2 » 3 (C4H;0Ny)
7
b)
\\\\\‘ W/// CH3Li, EtZO HQSO4, A

> 1 > 2(CqgH1e)
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2) (30 points) You are interested in preparing the following cyclopropyl alcohols:

HG,  CHg

z
]
(]

>
C

The structure of the starting material you wish to use for the preparation of both
compounds is given below:

Apart from this starting material, you have potassium tert-butoxide (BuOK), mercury
acetate (Hg(OAc),), sodium borohydride (NaBH,), borane (BH3), hydrogen peroxide
(H20,), a dilute NaOH aqueous solution, and a variety of solvents. Propose a
synthetic route to compounds a and b from the starting material given. Support your
answer with reaction mechanisms.

Hint. Both alcohols can be prepared from a common precursor, which can be
obtained in one step from your starting material, by carefully choosing the reactions
conditions (i.e., the reagents...).
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3) (20 points) When treated with concentrated sulfuric acid (H,SQO4) at 100°C, the
following alcohol dehydrates to give a mixture of two isomeric alkenes:

H,SO,, 100°C
> Two alkenes...

OH

You separated the two products from the dehydration reaction, took 'H-NMR spectra
of both, and found this:

* One of the alkenes shows a strong singlet at 0.8 ppm integrating to 9, a doublet
at 1.6 ppm integrating to 3, a doublet at 5.0 ppm integrating to 1, and a quintet
around 5.5 ppm integrating to 1.

* The other one shows a triplet at 0.9 ppm integrating to 3, three singlets at 1.4,
1.5, and 1.6 ppm, each integrating to 3, and a quartet at 2.0 ppm integrating to 2.

Using this information and your knowledge of acid-catalyzed dehydrations, draw the
structures of the two alkenes and propose a mechanism for their formation. Make
sure that you account for all the "H-NMR signals that you saw in the spectra.
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4) (30 points) For the following three compounds:

c)

-|||||I|Q

H3C/\O/\CH3

a) Calculate their degree of insaturation, and show in the structure what gives rise
to this number (i.e., double bonds, rings, etc...).

b) Determine how many 'H- and "*C-NMR signals you will find in their spectra (i.e.,
identify magnetically equivalent and non-equivalent nuclei).

c) For each magnetically equivalent set of protons, specify their multiplicity,
assuming that all coupling constants are equal.

d) To which of the three compounds shown above do the "H- and "*C-NMR spectra
provided in the attached pages belong?
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5) (30 points) You came across a simple aromatic aldehyde of molecular formula
C7HsO (compound A) and decided to run a number of reactions to kill time:

i) CHgLi, THF H,SO, mCPBA
ii) HyO H,0, A CH,Cl,

'H-NMR, "*C-NMR, and IR spectra for compounds A, B, C, and D are provided in
the attached pages.

Using the information provided, give the structures for compounds A through D. You
do not need to write all the reaction mechanisms, but make sure to do a proper
assignment of all the signals and multiplicities in the "H-NMR spectra for all

compounds. You can do that in the spectra if you want, but make sure to turn them
in at the end of the exam.

Hint: There are not that many aromatic aldehydes with molecular formula C;HgO,
just one, the simplest one...
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Problem 5 - Compound B
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Problem 5 - Compound B - Expansions
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Problem 5 - Compound B - IR
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Problem 5 - Compound C
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