Chapter 1. Formal Charges Problem Set. Answer Key

1. The following structures are drawn incorrectly. None of the Jone pair electrons have been
drawn. Use the octet rule to figure out how many lone pair electrons should be drawn about
each central atom. (Fill in the electrons in the drawings below )

ﬁgNw% He B |

HN <44 - HsC What is wrong here?

2. Caleulate the formal change on each O, N and C shown above.

3. Use the results from question #2 to come up with general trends for O, N and C. For
example, when oxygen is bonded to 2 other atoms, what is its formal change? What is
oxygen’s formal charge when it is bonded to 3 other atoms?

4. Use the trends you have determined in question #3 to guickly select the appropriate formal
charge for each of the molecules show below. (Again, lone pair electrons have not been
drawn, but this should not be important in your determination.)
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CHM 235
Dr. Minger

Siic axTey
For each of the molecules shown, provmz":?g%l fég@one adc?ltionai reasonable resonance
structure. (Some will have only ohe.) Not all lone pairs are shown, but alf non-zero

formal charges are inciuded.
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i . CHM 235
Resonance practice problems 2 ' . Dr. Minger

For each of the chemical species shown, ﬁrovide at least two additional resonance contributors. Show
the conversion of each structure o the next using curved arrow notation. Include alf lone pairs and
formal charges. Not all fone pairs are shown, but all non-zero formal charges are included.
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Chapter 2, Newman Projections Problem Set, Answear ey

1. The following are diagrams of the staggered and eclipsed conformations of ethane.

Staggered : Eclipsed

Using the models provided, figure out how many unique staggered and eclipsed
conformations 1,2-dibromoethane has.

2. Draw a Newman projection for each conformation (imagine you aré fooking straight
down the carbon carbon bond).

lowest energy

> highest energy
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3. Rank the donformations fiom highest to lowest energy and justify your ranking
system.
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Chapters 2-3. Cyclohexane & StereoChem Problem Set. Answe;‘ Key

You have been given 2 model of 1,2-dibromocyclohexane.

Dravy this compound in its proper chair conformation. Accurately depict all axial and equatorial
STOUPS. .
Determine if your campound 15 Cis oF trams.
- Flip the ring and redraw the chair. :
Draw a Newman projection along the C1-C2 bond for this new chair conformation.
Label all gauche htersctions.
Determine the stereochemistry (R or 8) of the C1 and C2 gﬁrbons of your molecals. -
Ig your moiecuie chiral? How do you know? qadeh By
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a. Which of the above stereoisomers are chiral? B C
b. Which are enantiomers? B&C
c. Which are diasteriomers? A& B AR

d. Which isomer has the lowest energy chair conformation? Ad




Chapter 3. StereoChem Problem Set. Answer Key

1. Determine the R or § configuration of cach of the following molecules:

Ja. Draw a sawhorse representation of (2R 3R}-2-bromo-3-chioropentane depicting the chirality abowt

carbons 2 and 3. L H
’ %ﬁ\\ 5/,QH&Q§?
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2b. Convert your sawhorss 10 a $faggered Newman projection.

& H
2d. Convert the eclipsed Newman projection to a Fisher projection.

et
i {
H O [
A H CHCH,
[ \ il
7 oy H
Lo




Chapter 4. Acid Base Problem Setf. Answer Key

CF,CHO + CHCH,OH <—7— CF,CHO0H + CH,OH,0
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Chapter 8. Free Radical Halogenation Problem Set. Answer Key

la. Assume that the following compound nndergoes monobromination. Draw all possible products that will
be produced {including all epantiomers and diasteriomers).
Ib. Which products will predominase?

;—‘—-Bi“ L
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: ;/A“ . minor products

Meso ) enantmmers

mior p[{)é‘ﬂds ’

enaitigmers enantomers
: :

Za. Use smgle headed mechanistic arrows to tilustrate the reaction that fakes place when 2 C-H bond breaks
homolytically.
(A

C—H s {:‘w ~—§' %“? =

2b.  Use single headed mechanistic arrows to show the reaction that takes place wﬁen & Br-H bond breaks
bomolviically. /Q

BrH > By H

3. Is homolytic bond breaking an exothermic or endothermic process? How do vou know?

\
erdothermic {fx@e:; chart 34 braaking bonds always requices

QL?“...,.%"’EQ M’? L}“'”
4. Using the data provided below, calculate the en’chaipy cgznge for each of the following reactions and
) determine whether each reaction is exothermic or endothermic:

a) Brr + CH~—H = BH + CH- ~368 A B 2 wesg endsthernis

by €+ CHH > CO-H o+ CH —ygE -+ HH S 1 eyethermie

Bood Dissociation Energies

H;C-H + 414 kifmol
Cl-H -+ 431 kl/mol
Br-H + 368 ki/mol

5. Draw an energy diagram for each of the reactions shown in question 4. Your diagram shouid show the
relative energies of the starting materials, products and transition states.



6. Draw a picture of what the transition state for cach reaction looks like.

7a. How does the transition state for the bromine reaction look different from the transition state for the

chigrine reaction?
7b. Why do these two transition states ook different? _
7¢. How docs this difference effect the types of products produced in chlorination versus bromination

reactions?
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Chapter 9. Substinstion Rxns Part 1 Problem Set, S50 &(’Q:y

1. Secondary alkyl halides can react via Sy2 or Syl mechanisms. The following is an example: .

(CH)CHBr + T —> (CHLCHI

Your choice of aucieophile and solvert will impact which mechanism will take place.
a. In order to favor Sy2, shouid you use @uclscphﬂe or a weak mucleophile? Why?

b. In order to favor Sy, should you use a strong mucleophile or 2 weak nucleophile? Why? ¥ ‘:V‘c,-f %ﬁf@ﬁ?ﬁr

. . . . - e g g;?‘_ . ek
c. In order to favor Sy2, should you use & polar aprotic solvent or a polar protié solvent? Why? St b liz25 Nye 707 ?Mé’?
icY

. 2, should | my? .
s o aprotic? What s polar PIREY o pable. o H bonding { Rot, RCG H 1,0

d. In order fo favor Sy, shonld you use a polar aprotic solvent or a(p’o%ar protic selvent? Why?
= i«&@gy’ 4 g&pe‘» le stab FE{; £5 parbe et

2. What is the product of each of the following reactions? Make sure to show stereochemistry.
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3. The following compound reacts via an Sl mechanism and undergoss rearrangement.
| (CHYCCHAOH + HBr —>

&. Draw the mechanism for the reaction and explain why the mechanism is Sy and why the compound
undergoss rearrangement,

b. Whyis H' (acid) required for this reaction? 04 ~ beud L6
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Chapter 9. Substitution Rxus Part 2 Problem Set, s wer ey

For each of the following pairs of reactions:

a} determume 1f the mechanism is 82 or Sut
b) figure out which of the two reactions is faster and why
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Chapter 9. Flimination Rxny and Wrapup Problem Set. Answer Key

1a. Circle all the hydrogens in the following molecale that are besz 1o the leaving group:;
CH-CH-CHBr-CHL

tb. For each hvdrogen that vou have circled. draw the product that would form if that hydrogen were remaved
in an ehimination reaction. (Note: there are three possible products )

tc. Which of the three products will predominate? Why?

2. For each of the following reactions, determine whether the elimination will be £2 or B1.
Zb. Dvaw the product(s) that forms in sach case:




3. For each of the following reactions, determine whick mechanism(s) predominate and what product(s) form;
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1. Answer the following series of questions fegarding the molecule diethyl ether (CH;CH,OCH,CH;).

Looking at the symmetry of the ether molecule, how many different types of bydrogens are
present? - e

Based on your answer to a, how many peaks should the proton NMR spectrum of dicthy? ether
have?

What should the position or chemical shift of sach peak be? (Consult the ati:a.cak:éd chart) 1.0, H.,0
Draw a preliminary/approximate drawing of what the proton NMR spectrum of disthyl ether
should look like on the graph below. USE A PH@'ZEJ N@’F APEN.

What should the gres under each g@k be, given the mumber of hy- ogens of cach type present i
the molecale? Meodify vour drawing wihatym@smfﬂ@g approvnately correct.

What about sphttmg? How many H neighbors are next door to the meﬂ?:w} {CEE oroup? How
many H ncighbors are next door to the methylene {UH,) sroup? Usethe o1l mie

{# of Bines = # of mext door mgia%;@rs H} o dotermine how many Hines cach peak shonld have
due o the mBeence of #s next door neighbors. Modify your drawing bolow accordingly,

et vt g
o enammiing

1¢ g 3 7 6 5



2. Solve the following NMR. puzzle using the step by step instructions below. This is a general NMR
puzzle solving strategy that I want you to use/lcarn/mastert

Molecular Formmla: CH,{l

:
, L3
Proton NMR Spectrum CHz
/&ilnﬁ
/ a5
C] — CH
Septet
Areg 1
i
T 1 B i ® H N b T T T T i T T T
10 s 5 rd & s 4 # z 1 @
HPH— 8311 jai=ad}

&.

How many UNETS OF UNSATURATION does this molecnle have? (You can use a formula to
figure this out or you can just draw out 2 hypothetical molecule )

Based on your answet 1o &, how many double bonds or rings does this molecule have? )
Based on the NUMBER OF PEAKS in the spectram, how many different types of hydrogens are

present in this molecuds? o
Giiven the number of carbons present, what does vour answer to question ¢ tell you about the
syrametry of the molecule? 0 ilerhral cavbeny

Based oo the AREA under each peak {listed above), how mamy hydropens are represented by
each peak?

Based on your answer 1o e, what group (methyl CH,, methyiene CHi or methyne CE i
represented by each peak? How many methyl {CH,) groups must be present in this molecule?
Draw what you know so far {all the methyl, methylene and methyne groaps present) next to each
peak above.

What elsc is present in the molecuie (based on the molerular formula}? < |

What electronegative atont has canced the CHEMECAL SEBFT of one of the peaks to appear at ~
3.87 Wbatmgsmmﬂym&mﬁhegm@ﬁl@a@ms&tE 87 Dimw the attaclunent sbove. <
MNow 1t is time o Jook ot SPLITTING. Why is the gronp at 1.2 split ingo two lines? How many
neat dpor nesghbor hydrogous does ¢ have? What carben group & it atiached to?

Why is the group at 3.8 split info 7 lines? How many next door neighbor hydrogens does 1t have?
What carbon groups is ¥ attached o7

What is the strecture of the compound?



3. Solve the following slightly more difficult NMR puzzic using the step by step instructions below.
Molecular Formula: C:HCl

Proton NMR Spectram E.:g'%ﬁ
o — otz

Tomlet ]
Heay 2 Litiptat Teiplet
8 ;maa-) Arew 3

Qfa

é

3 3 T = T T T * T ¥ T ¥
in -] = 4 = =3 L =1 2

[T
[

R i ATt

a. How masy UNITS OF UNSATURATION does this molecule have? O

b. How many double bonds or rings does this molecule have? <

c. Based on the NUMBER OF PEAKS in the spectrom, how many c‘fxﬁ*‘erent types of hydrogens are
present in this molecule? 5

d. Given the number of carbons present, what does your answer to guestion ¢ tell you about the
symmetry of the molecule? rat g 5

¢. Based on the AREA under each peak (listed above), how many hydrogens are represented by
each peak?

f.  Based on your answer te e, what group (methyl CHs, methyiene CH, or methyne CFH) is
represemted by each peak?
Draw what you know so far (all the methyl, methylene and methvne groups present} next to each
peak above.

h. What else is present in the moleculs (based on the molecular fornula)?

What electronegative atom has caused the CHEMICAL SHIFT of one of the peaks to appear at ~

3.47 What atom is directly attached to the group that appears at 3.47 Draw this attachment

above. el

J. Now it is time to.look 2t SPLITTING, o with the simpler splitting. patterns, saving the most
complex one for last. Why is the group at 3 £ spEzE {3 ﬁm:a bnes? How many next door
neighbor hydrogens does it have? What carbon group is it attached t0? Draw this attachment
above.

k. Why is the groap at 0.9 spiit info 3 Hnes? How many next door peighbor hvdrogens does it have?
What carbon group 1s it attached to7 Draw flas attachment above.

1. Explain why the group at 1.6 is split im0 so many bnes.

m. Draw the final structore of the compound.

e




4. Solve the following NMR puzzle using the step by step mstractions below,

Molecalay Formuls, C.HO

Proton NMR. Spectrum City
@ -
Voo AAms
- 4.
Creartat {j’{ ‘
Auera 2 gﬂL msia
2w s s v & s 4 5 oz 1 %
a. How many UNITS OF UNSATURATION does this molecule have? 4
b. How many double bonds or rings does this molecule bave? 4
¢. Based on the NUMBER OF PEAKS in the spectrun, how many different types of hydrogens are
present in this molecule? RS
d.  Given the number of carbons present, what does your answer to quest;on ¢ tell you about the " .,
structure or symmetry of the molecule? q identical zarbeng 4 ¢ wilh no ¥
¢. Based on the AREA under cach peak (listed above), bow many hydrogens are represented by
gach peak?
£ Based on vour answer to &, what group (methyl CHj, methylene CH, or methyne CH) is
represented by each peak?
g. Draw what you know so far (all the methyi, methylene and methyne groups present) next to each
peak. o

h. What else is present in the motecule {based on the molecular formuia)? I}
-1 What electronegative species has cansed the chemical shift of one of the peaks to appear at ~ 2.17 <
Don’t forget about the units of unsaiuration! Draw this atiachment above. o
3. What electronegative species has caused the CHEMICAL SHIFT of one of the peaks to appear at i
~2.57 Draw this attachment above. <
k. Now it 15 time to look at SPLITTING, starting with fhe simpler splitting patierns, saving the most
complex one for last. Why 15 the group at 2.1 a singlet? How many next door neighbor
hydrogens does it have? What carbon group i it attached 107
1. Why 15 the group at 1.9 spiit into 3 lines? How many next door neighbor bydrogens does it have?
What carbon group is ¥ attached t0? Draw this attachment above.
m. Why is the group at 2.5 sphit info 4 lines? How many next door neighbor hydrogens does it have?
What carbon group is it attached t0? Draw this attachment above.
n. Draw the stracture of the product.
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5. Solve the following NMR puzzle.

Molecular Formula: CJHL.Cl

¢
é._‘{
Proton NMR Spectrom Pl
5
Fd
) 2
o 5 J—— Cﬁ& ;
H & Triglat
\\\ {:}_g Area B
L f&{mplm
Tripiet % 4 maew 2
a2 S, s
Ll gi_'
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Aarem 2
T i T N H Y I 4 i Y T T T T
10 h=] = r [=3 = - = z 1 =]

PR G DT §

a.

e

UNITS OF UNSATURATION
How many double bonds or rings does this molecule have? &

NUMBER OF PLAKS
How many different types of hydrogen are present in this molecule? Hﬁ

AREBA
Which group (methyl, methylene or metbyne) is represented by cach peak?

CHEMICAL SHIFT ;
What electronegative species has caused of one of the peaks to appear at ~ 3.57 < {

SPLITTING
Why 15 the peak at 3.5 a triplet? What must it be attached fo?
Why 15 the peak at 0.9 a triplet? What must it be attached to?

PUTTING IT ALL TOGETHER.
Where are the issing bonds {each carbon needs 4 bonds)? How can you attach everything
together so that each carbon will be happy.



Chapter 13, Proton and Carbon NMR Problem Set. Answer é’@:@}f
1. The following is the proton NMR spectram of & WET sample of ethanol (CH,CHO8).

a. Label each peak to indicate which H's it represents.

[ess

¢

b. On the axis provided below draw what the proton NMR spectrum of an ANHYDROUS sample of
ethanol would look Like. Note: the alcohol H will NOT wndergo exchange here and splitting
- WILL be observed.
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2. Draw the proton NMR spectra of cis and trans 1-bromo-2-chiorosthene (BrCH=CHCl}. Be sureto
indicate how these two spectra would differ from one another.

ighance b poaks

S-jo #Hz

Cis compound ! {
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Trans compound E fi
7 & 3 4

3. Determine the structure of CZHLNO; whose NMR spectrum is shown below:
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Chapters 12, 13 & 14. Spectroscopy Problem Set. Answer Key
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