Name Test 1

CHEM 0201 (Organic) Spring 2023
1. (12 pts) Alcohols have electrophilic carbon atoms, but unmodified alcohols are not good
substrates for nucleophilic substitution reactions. Explain briefly. L.
2.
3.
4.

(8 pts. each) Determine whether the following occur predominantly by an Sx1 or an Sn2
mechanism and predict the major organic product(s). There is no need to indicate the

stereochemistry of the product(s). Ether and tetrahydrofuran are aprotic solvents. 5.
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13.

(8 pts.) Predict the most likely organic product for the following elimination reaction.
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Relative Intensity

6. a. (4 pts.) Label the molecular ion and the base peak in the following mass spectrum.

b. (8 pts.) Determine the formula of the molecular ion (there is one O atom in the molecule.)
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7. (12 pts.) In the mass spectrum of 2-bromopropane there is no peak that corresponds to the
average molar mass for 2-bromopropane. Briefly explain why there is no peak that corresponds
to the average molar mass and determine the mass to charge ratio of the peak or peaks that
are expected for the molecular ion.

8. (12 pts.) The structure of 2-bromopropane is drawn below. (a.) Draw the structure of the
molecular fragment that would be observed in the mass spectrum due to homolytic cleavage
(also called a-cleavage), and (b.) determine the mass to charge ratio of the fragment.

+o
Br

9. (8 pts.) For a vibration to be IR active, what must the vibration do to the molecule?



10. (12 pts.) The IR spectrum of a molecule with the formula C4HsO appears below. Identify two
vibrations and the functional groups causing them. For example, if there is an OH peak label it

with a star and an OH. When identifying the functional groups be as specific as possible.
LoD

SD

TRANSHITTANCE! %1

T U ) T
4000 3000 2000 1500 1000 §00
HAVENUHBER! -11

3611 84 1718 4 1173 14
3416 79 1461 34 1087 64
2951 26 1454 3B 996 74
2964 44 1417 27 946 49
2940 37 1366 13 761 6B
2909 350 1257 74 390 §7
2883 BZ 1206 B3 617 66

11. (12 pts.) Which of the following vibrational modes would be IR active (give rise to a peak in the
IR spectrum)?
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12 a. (12 pts.) Determine the number of peaks expected in the 'H NMR spectra of the following
molecules.
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1. 1. iv.

b. (12 pts.) Determine the multiplicity of the peaks for the indicated H atoms.

1. 1. 1ii. 1v.




13. IR and 'H NMR spectra are provided for an unknown molecule with the formula C4HsO. (a. 10
pts.) Determine the structure of the unknown, (b. 4 pts.) identify the peaks for two functional
groups in the IR spectrum, and (c. 4 pts.) unambiguously assign the peaks in the tH NMR
spectrum. That is, label each peak in the 1H NMR spectrum alphabetically starting with an “a”
at the left end of the spectrum and label the protons on your structure with the corresponding
letter.
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Note the break in the axis here to
better fit the spectrum onto the page.
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Additional information for analyzing C=0 stretches:
amide: R(C=0O)NH:z < 1700
acid: 1710 usually broad for a C=0
unstrained ketone: RC(=O)R 1715, resonance stabilized ketone R=CHC(=0O)R 1690

(0]
strained ketone: 1750

aldehyde: RC(=0)H 1730, resonance stabilized aldehyde R=CHC(=0O)H 1705
ester: RC(=0)OR 1735, resonance stabilized ester R=CHC(=0O)OR 1715.
Additional information for analyzing C—H stretches:
If sp3 C—H stretch at < 3000 cm-! then look around 1400, sp3 C—H bend is at 1430 and if

peak at 1380 also present then sp3 C—H is CHs.

If sp2 C—H stretch at > 3000 cm-1, and not benzene gives rise to bending vibrations from
1000-600.
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