Problem 1.
a. Draw the Lewis dot structure of nitric oxide (NO).
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b. Draw the molecular orbital diagram of nitric oxide (NO). Assume nitrogen and oxygen have
similar size atomic orbitals before mixing; be sure to show the relative energy of orbitals.
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c. With the constructed molecular orbitals above, explain where the radical electron primarily
resides on NO. Use pictures and arrows, do not write more than 5 sentences.
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Problem 2.

Below is a proposed route for the formation of a zinc centered dynamic assembly. Pyridine-2-
carbaldehyde and dipicolylamine condense to form iminium 1. In the presence of Zinc(ll) and
water, the tris-pyridyl ligand coordinates to yield hemiaminal 2. With the introduction of an
alcohol species, the alcohol gets incorporated into the assembly to form a hemiaminal ether 3.
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Questions are on the next page!



Circle the correct answer.
a. What is the facial stereochemical topicity on the iminium 1?

Homotopic enpic diastereotopic

b. Without any alcohol, how many stereoisomer(s) of hemiaminal 2 species would be
generated?

1 Q 3 4

c. What is the stereochemical relationship of these hemiaminal 2 species?

Not Applicable enq@ners diastereomers enantiomers and diastereomers
d. With the addition of only (S)-2-butanol, what is the stereochemical relationship of the
hemiaminal ether 3 isomer(s) generated?

Not Applicable  enantiomers diasl@wers enantiomers and diastereomers

e. With the addition of only (S)-2-butanol, would you expect to observe exact 1:1 ratio of the
hemiaminal ether 3 isomers or something else? Circle the most plausible answer.

Not Applicable (only one generated) 11 @ 1:1:1 1:1:1:1

f. Based on your answer from e. With the addition of only (R)-2-butanol, would you expect to
observe exact 1:1 ratio of the hemiaminal ether 3 isomers or something else? Circle the most
plausible answer.

Not Applicable (only one generated) 11 @ 10 R | 1:1:1:1

g. With addition of racemic 2-butanol, what is the stereochemical relationship of the

hemiaminal ether 3 isomer(s) generated?

Not Applicable  enantiomers  diastereomers enantiomer@ﬁastereomers

h. Is the formation of hemiaminal 2 stereospecific or stereoselective?

Stereospecific Stereoselective Both @2



Problem 3.
Fill in the blanks

Hybridization of the atom

Orbital(s) of the lone pair(s), or not
applicable
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If you see a stereocenter in the molecules below, put a ring on it.




Problem 4
The staggered conformation for butane is preferred by 4 kcal/mol when compared to the
eclipsed conformation. Eclipsed is, of course, a transition state while the staggered is in an

energy well.
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The same trend is not observed for propene and 1-butene. The eclipsed conformer of the
methyl group is in a well, while eclipsing of the methyl with a hydrogen is a transition state.

Propene
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(AG°= -2 kcal/mol)
a transition state in an energy well

1-Butene
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(AG®=-0.8 kcal/mol)
a transition state in an energy well

a. Rationalize why eclipsing with the CH2 group in propene and 1-butene is in a well while
eclipsing with the H-is a transition state.
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b. Why is methyl eclipsing C=CH2 bond in 1-butene less preferred than in propene? Explain.
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c. Draw the torsional energ -butene. Start wi methyl group eclipsing the C=CH2
bond (see below). ' %W 4

dihedral angle 0°
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Problem 5

Please provide the pKa of the following molecules.
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The structure has two C-Cl bonds. Identify the longer one, then rationalize why one C-Cl bond is
longer than the other one. Please use pictures, and no more than 5 sentences (including run-on

clauses).
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Problem 7

Write the answer of the following questions for each of the molecule in the boxes provided.
A. Label the face of carbonyl shown as Re or Si. Otherwise, write n/a.

B. Would you expect the reaction to be stereoselective? Write yes or no.
C. Would you expect the reaction to be stereospecific? Write yes or no.
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Problem 8
a) On the same plot, draw the Morse potential for a C-C, C-O, and C-F bond. Indicate relative
energies and shapes, and label r, for each bond on your diagram.
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b) Assign each of the following IR frequencies to a C-C, C-O, or C-F bond.

1400cm™: (*-F
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1200cm™: C-(C-
c) Predict the order of the bond dissociation energies (BDEs).

C-¥>(-0>C-C \ POINT

d) Explain your answer to (c).
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Problem 9

a) Draw the four MOs for the it system of butadiene. Fill in electrons appropriately and label

the HOMO and LUMO. Then draw the waves that are analogous to the kinetic energy of the
orbitals.

Kinetic energy/waves
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b) Explain in pictures and/or words why one might think that bond formation would be
ically unfavorable.

Aoms repe) one anothes due +0 dechostahes
A the petenrial enermy increases.

Z points
¢) Explainin pictures and/or words why bond formation is actually energetically favorable.
The Kinene Wi’)\f OF the
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Problem 10. Calculate AH¢® using Benson group increments for the following molecules. Show

your work. (It's okay to only show your work and not waste time adding it up to a final number;
just show all the parts!)

a)
A\'\; . 7.( C—(C)"B + U’(C’CH\S‘U‘J) + 2(_0’(“"32(032_3
= 2(05) + ((-10.20) + 2(-493)
= 00 keamei 2, pomm
b)
P a oo Wl
ARE= 2(C-0)5(0Y) v B(C-()2(0)2)
= 2{-10:20) » &[-473)
- -59.94 Keal/mo)
Z points

¢) Which compound is more stable? What specific group(s) contribute(s) to this stability?
T compound in pact (3) is more stable Hian Hhe
Compound in pact (1) due to He methyl ACoLPS:

Z points

d) Why do/does the specific group(s) mentioned in (c) impart stability?
AH¢ is all abour bond strenaths, Twe WY | cx('cupk;
aye <;Ta‘h.|.2mq because Heic“C-H bonds ave S‘H‘Cr\%u‘
Han Hi C-H “oonds in & e H\\‘j\&ﬁ\»’; LY-%LP

o ! points




Problem 11. Consider cyclopropane and cyclopropene.

> P

a) Give an argument for why cyclopropgne.might be more strained.
"% W Thwe moleeude s foreed +o e planar
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b) Give an argument for why cyclopropene might be more strained.
- The pond anales are even furiher Som jdea) on An
307 carthon (ideal a nAle J20° versus At angle (20°)
Hhan an 5p°catoon (deal jo49.6° versus wer).

c) Which molecule actually has the greater strain energy? Explain how you chose between
your arguments in (a) and (b).

an\cp\\cpu\z nas Hy aceater SHain eppray PECOUSE
Hu by ahen Wom e idea) angle adds Mmore Strain
energy than eclipsing hydrogens.
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Problem 12. Explain why the strain energy of spiro[2:2] pentane is more than simply double the

strain energy of cyclopropane.
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Problem 13.
a) Use A values to draw the following structure in its most stable chair conformation.
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b) List the types of strain present in the chair conformation above.

9')*‘ ‘Y (or {,3-diaxial) %Butc\/\ﬂ,: " ‘l’\ A 3 points
—obw\uw{\ w
H YRu
LI Ay O

c) List the types of strain present in the following molecule.
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d) List the types of strain present in the following molecule.
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Problem 14. Consider the following two molecules and their hydride ion affinities (in kcal/mol,
in the gas phase).
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a) Explain how the definition of hydride ion affinity tells you which carbocation is more stable
HIA s Hhe enorg rech’reo\ to emove 3 hydrole anion, 5o
a w@w Value oF HIA Weans Hneresulhing carbocabm s
lesSGtable. 2. \as a Smaller HIA 50 iH1S more stable .

7 pontS
b) Raéionalize your choice above: why is that carbocation more stable?
2~ has a V\a\'%\r\‘oorfnﬂ sp? carbon which i weve
elecrontamtve than gn sp® carbon. Thus, it 1's
withdrawing electron density from an already 2. points

po%i%veh, thagaed cavioon, wth 18 destavwilizimg.
(S stabilized becadse +has fwe methy) groups
(nSead of one) Hhat can W Perzon Uefate-

Problem 15. Explain how the H-C-H bond angles change in H3C-X as X becomes more
electronegative. Why does this occur?

As X ecomos more elechonpaahve, the C-X bond

becomes more polar. Mave eldciron densihy 1S o

He X (Hhen “renyenidizes 4o put s Shaved electrons = e
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Problem 16. This is the last question!!
a) Draw the Walsh diagram for a linear CH, group on the left side of the page. Then show
how the group orbitals become a bent CH, group on the right side of the page. Draw all
orbitals and fill in electrons as appropriate for neutral CH, (carbene).

Linear Bent
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b) Below is 2-propenyl cation as it is normally drawn in introductory organic classes. Using
VSEPR, predict the C-C-C bond angle as well as the hybridization of the central carbon.

@ |80° (\ivear) Sp 7 P(J{V\Jrs
c) Now consider the simplified version of the 2-propenyl cation below; you may treat it as you
would the CH, group in your Walsh diagram in part (a).

oD

Each o bond to the central carbon contributes two electrons but the CH, group donates an
additional pair of electrons to the p orbital of the central carbon. Given this information,
populate the linear and bent forms of the CH, group with electrons in a simplified version of
the Walsh diagram. (Simplified = don’t draw all the orbitals again. Simply draw horizontal
lines with appropriate relative energy to represent the orbitals for linear and bent.)
Recognize that in BOTH the linear and bent forms in your diagram, the central carbon’s p
orbital should be occupied and you will not generate any triplet states.
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d) Ineach form of 2-propenyl cation, linear and bent, what is the lowest-energy orbital that is
empty?

linear: P ofbital 7 points
bent. oleux)

e) The experimental C-C-C bond angle is 178°. What does this mean for the energy level
changes of the orbitals upon going from linear to bent in part (a)?

The oceupied p orkital does not chanog in ensrgy berween -

He [inearand bent fForms, so +he difference must be in the
oHex two oceupied orbitals, o CH.) and TI(CH). Thus, upen
bending, N(CH2L) musHmerease iy enesqy mere than o7cH:)
Aetreases in enesay.
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f) Compare the following bends. Which one do you expect to be lower frequency vibration
(a “looser” bend)? Explain.
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