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Sametz: CHEM 322 Spring 2012
Organic Chemistry Exam 2

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

Questions 1-3 refer to the following structure:

T

C n CH2
H3C/ \(I:/ \CH3
a c e

1. How many signals do you expect to see in the proton NMR?
a)3
b) 4
A /S
d)6
e) 12
2. Which of the indicated protons should appear the furthest downfield (i.e. have the highest
chemical shift) in the proton NMR?

a)a

b)b
% &

d)d

e)e

3. What should be the splitting pattern of the e protons?

a) singlet

/? b) doublet
@mplet

d) quartet

€) nonet



5. Nomenclature (6 points)

a) Give a proper I[UPAC name for the following compound:

0
O b) Draw the structure of 3-methyl-2-
/L\)J\OH ' (v oxacyclopentanone ¢
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6. (8 points} Almost all oxygen found in nature is the isotope "°0. The rare **O isotope can be

used as a “label” to gain insight into reaction mechanisms. ;
r‘e:f&’/:(/ dm,

Explain why the first reaction shown beilow (Reaction A) proceeds with inversion of
stereochemistry and provides an isotopically-labeled ester, but the second reaction (Reaction B)

proceeds with inversion and with no 0 incorporation.
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Part il: Short Answer

4. (8 points) The spectra for ethyl 3-phenylpropionate (A) and phenyethyl propionate (B) are
shown on the next page. Match each spectrum on the following page with the corresponding
compound, and use labels (a, b, c, d} to correiate the protons indicated on the structure with
their signals in the NMR. Note: The protons on the benzene ring are not labeled, and you do
not have to assign them. The spectrum for 2-chloropropane is shown below to demonstrate
correfating protons in the structure to signals in the spectrum.
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Part lll: Reactions

7. (36 points) Give the major organic product(s) for the following reactions:
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8. (9 points} Provide reagents that would effect the following transformations.
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9. (24 points) The transformations shown below are found in (or  HO.,
are very similar to those in} a report in the literature on the
synthesis of (-}-rapamycin, an important immuno-suppressant
drug used to prevent organ transplant rejection. Provide
reagents that would effect these transformations.
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Part IV: Mechanisms

10. (6 points) Choose ONE of the following two reactions and give a complete reaction
mechanism. It is best if you only show work on one. If you show work on both, CLEARLY
indicate which of the two you wish to be graded; if it's not clear to the grader, they will chcose
one to grade.
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11. (6 points) It is possible to interconvert acetals using Lewis (e.g. BF3) or Brgnsted (i.e. H)
catalysts. Give a mechanism that accounts for the following conversion:
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Part V Multistep Synthesis (16 points)

12. (12 points) Multistep synthesis Propose an efficient synthesis for each of the compounds
below on the right from the starting material on its left. Please draw the structures of the
intermediate reaction products. (Just the product, not the mechanism)
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13. {12 points) Choose ONE of the'folfowing two synthesis problems, and provide a sequence of
reactions that will synthesize the compound on the right from the starting material on the left.
Draw out the structures of the intermediate reaction products. If you show work on both,
CLEARLY indicate which of the two you wish to be graded; if it's not clear to the grader, they

will choose one to grade.
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Part VI: Spectroscopic Analysis of an Unknown Compound (15 points) O
+ 1

14. The "H and *C NMR spectra for a compound with the formula CgH1504 are shown on the next 2 DEE

page. An expansion of the 'H spectrum is shown below for clarity. The IR : spectrum for this

compound shows a strong absorption at around 1740 cm™. identify the structure of the compound. (=0 @
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 (also called DBE or IHD}, IR, or BC NMR will be considered for

extra credit.

In the *C NMR spectrum on the next page (which is shown above the 'H spectrum), the signals for
the unknown compound are marked with an asterisk (*) for clarity. The three lines at ca. 77 ppm are
labeled “CDCI5” (the solvent) and can be ignored.
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