Exam 2
Chem 21
Oct 21, 2009
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Please don’t write in this space.

1. (30 points) Draw the following compounds in skeletal notation. Don't abbreviate substituents.

Show stereochemistry clearly where necessary.

(a) (Z£)-6-methyl-5-phenyl-4-hepten-2-yne

(¢) (E)-2-bromo-1-cyclopropyl-1-pentene
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(b) trans-4-isopropyl-1,3-dimethylcyclobutene
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(d) cis-1-tert-butyl-3-chlorocyclohexane
in its most stable conformation
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2. (15 points) Draw CH,=C=N-CH,CH,OCH3, so as to clearly show the complete 3-dimensional
structure of its most stable conformation. Please add on to the CNC fragment provided.
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3. (35 points) (a) Explain briefly why phenol (below iﬁi pK. = 10) is a stronger acid than)
cyclohexanol.
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(b) Write the acid-base reaction of phenol with NaN(CH3),. Illustrate the reaction clearly with
curved arrows.
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(c) Label the acids with their pKy values.
(d) Label the stronger and weaker acids, and label the stronger and weaker bases. qll Guswss
(e) Based on n your labels, does the equilibrium lie to the left or the right? paust f""‘
(f) Based on your answer to part e, what is Keq? 2% - VJB w;,‘s gt
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(g) Based on your answer to part f, what is the fw ‘-

approximate AG® for the equilibrium in kcal/mol?
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(h) Which of the following bases are strong enough to completely deprotonate };])nbe(nol?d(circle)
]

0
@ CNH Ao PO ©/ KBr
<o (o (1737 !)
. *q/ 6 a 5 yo~SC
pk:‘ ! need base wifl con]: Gc:‘&//)l&. > lo page 2

50



4. (15 points) In principle, the compound below can be protonated on either oxygen. But one
oxygen is much more basic than the other. Draw the two conjugate acids that could be formed,
and decide which protonation is the more favorable. Briefly explain your choice.
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5. (15 points) (a) One chair conformer of a substituted piperidine is shown below.
Draw the other chair conformer.
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(b) Circle the more stable of the two.

(¢) Use the data in the table at the right to
estimate AG® for the ring flip above. Make sure
your reasoning is clear
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6. (12 points) Two isomeric cyclohexylammonium ions are shown below.
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(a) Label them cis and trans. S 110“8” a.c,,‘a'/

(b) Explain briefly, in terms of structure, why one stereoisomer is more acidic than the other.
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7. (15 points) Calicene has been found experimentally to have a sHrprisingly large di
moment. This can be attributed to a contribution from minor charge-separated resonance
structures like A or B. (Of course, the charge can be further delocalized in each case.) Which

polarization is the more important (A or B)? Briefly explain your choice. ,.3 )
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8. (13 points) In contrast to the corresponding cyclohexane (cis-1-tert-butyl-4-

methylcyclohexane), the lower energy chair conformation of the dioxane below is the one with the
tert-butyl axial and the methyl equatorial. Explain.
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9. (15 points) Which of the two hydrogenations below would you expect to be the more
exothermic? Explain your choice. (hint: the pK, of Ph-NH;" is about 5; that of cyclohexyl-NH;"
is about 10.)
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10. (15 points) Draw all the stereoisomers of the following compound. No need to show the
conformation, just be sure that the stereochemistry is clear.
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11. (25 points). Write a flow chart for the separation of the three compounds below
using liquid-liquid extraction. Draw structures to clearly show what compound is

present at each step of the process and its protonation state.

Assume that the mixture is dissolved in diethyl ether, Et,0, to begin. In addition to
water, your lab is stocked with aqueous HCIl, aq NaOH, and aq NaHCO; (pK, of

H>CO; is 6.3).

(The sep funnel is just for decoration.)
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