‘?"’é"? STUDENTS

OFFERING SUPPORT

Raising Marks. Raising Money. Raising Roofs.

CHM 1321
Final Exam
Review Package

ANSWER KEY

Tutor: Paula Adler, padle085@uottawa.ca

University of Ottawa

Winter 2013



ORGANIC MOLECULAR STRUCTURE

1. Draw the line (zig-zag) structure for the following compounds: (6 points)
(a) 2,5-dimethyl-2-hexene

(b ¢
(b) 1-chloro-2-butene (&) Q\
(c) 2-methyl-2-cyclohexen-1-ol 7 VR

2. Give the IUPAC name for the following compounds: (9 points) (©) o
(a) 4

B-choro - 4 - propyl - 3- heptanpd

OH Ci

(b) N
/k /\> < |- cyctobukyt - 5- (1 -nuthylethy Deyclononane

j
L/

P i

(C) P Tk\\(,//\\ .
T ()5 2twl-3- mﬁ\%ﬂ hept-2 —eng

R

3. For the molecule shown below:
- Draw all of the resonance structures of the compound, using curved arrows to show the
movement of electrons. (5 points)
- Rank the resonance structures from best to worst. (2 points)
- Draw the resonance hybrid structure. (3 points) Wi’" ks

P ; @o " 2 [ § @
- |
N ?
|

g
/\)\/%69/ <~>/\9k;};/ 7 /\)\ /

best worst 27 best
4. Below is the structure of cocaine. Give the hybridization and geometry of the indicated atomsi. (8
§ 3 2. , e sl
points) P70 sp? Frigonal (resonance means thot enw lone pauv s
i P trignal (resomnc maans Tk g G0 037 et
Sp*) ’rnﬁc:m&

HsC—N>

sp, Mﬂﬁnaf

(FW\ fact - A'\fhpu(cj‘h weeang wey Grgt solakd 0 1§55 by Fredrich Gaedcke, and fwst gynthagized
NOAEIE by Richard  willditer, coCa leqves were beng  Chevved in South Amwnce hundreds 0
thousands of yeaus ﬂfwl\'er! )



5. For the molecule shown, which molecular orbitals join the following atoms together? (3 points)

’O\/N\
H Ca
2 5~CH
6
(a) OlandH: o«
(b) C2andC3: ¢ + T
(c) C5andC6: & + TC+1C

6. Draw CH3COH using the LCAO method, and label the atomic orbitals used to make each bond, the
type of each bond, and the hybridization states. (10 points) (., neyt puge )

7. Circle the compound that will have the higher boiling point and explain your reasoning. (3 points)

P 5 .
i memnd on ght hay Ahvengr H-bonds,
/ wiule the (m\ch\d on i&ét hes only
/\o & | dipole-dipole ankermolecudar ,gmcm.

8. Explain the difference in boiling point for the following pair of compounds. (3 points)

?H3 H ~ SGML VoW
N

N - Compovnd on B hos dpole-dpole teruchiond .
¢ ) and O - Compound on nﬁh’c 4 pebe of H-bonding
(shonoer) with itsel (du fo N-H), fherefore
bp 81 °C bp 106 °C T hws fhe higher b p.

9. Circle the compound that will be more soluble in water and in your reasoning. (3 points)
OH

“Lice disives ke ”
/\ O/ or mefuund w n'ﬁht AD u»f@lc of
H'bmdi\f\j wit HoO iy bofiv it
H-bond  acceptor and dowor, thwo
ewon interact o o grearer (kﬁ#‘!«é

fran wmpond on the [eft (oaly H-bond accepov )



(acetalddehyde ) Ha L H

(ﬁm foer Acetaldehyde, o matabolite of ethanol, is o suspected  course of hunjov'ersf )



CONFORMATIONAL ANALYSIS

1. Forthe molecule shown below: _
(F‘Aﬂ oot ™ Newman-Kwavt rearmujamem s also named
H2N/\/ after Meluin Sprncer Newwans , who mivoducd the Newmant
mjection in - 1952.)

(@) Draw and name the Newman proFec ion down the C1-C2 bond of the most stable
conformation. (3 points)

(b) Draw and name the Newman projection down the C1-C2 bond of the least stable
conformation. (3 points)

2. (a) Draw the two chair conformations of the molecule below. Note: you do not have to draw the
H’s. (5 points)
(b) For each structure, label the substituents as being axial or equatorial. (2 points)
(c) Identify the most stable conformation. (1 point)
(d) Are the substituents on the ring cis or trans? (1 point)

OH
i CH
\\‘A H'LM ! 3
(o) (o) )
HaN /\/ ]
H
2 H
@ hi-stagg ered ecipsed
/ a)uﬁﬁ . awaﬁ
OH .. ~
(/\‘/ = -— \ oH ‘
\( - /\ < U”M&vaﬂ”lb
7
(S
_E_‘L___ g%uuh)m,\l

most stable



STEREOCHEMISTRY
(FW\ fock: Taw werd “cived ™ comes from the Gireek
,\WaS tist coned by Lord Kelvin!)

nd

S
s

o

“kheir " (hand), 6

1. Circle the molecules that are chiral. (3 points)
Br
Br,

Br,

HO \

2. Below is the structure of nicotine (protonated).
- Label all of the stereocentres with a star (*). (2 points)
Determine the priorities of the substituents around each stereocentre. (4 points)

Csomax, o stereoisomers = 2

Assign each stereocentre an R/S configuration. (2 points)
What is the maximum number of stereoisomers of this molecule? Show your calculation. (2
teq
s

points) / Sterewgenic  centres

(Fun foct: Nicotine was named after Jean
Nicot, French embassador o Portuﬂa,\,
who sent toboawo and geeds back to

France 1 1561, )
3. What is the isomeric or stereochemical relationship (enantiomers, diastereomers, etc.) between the

following pairs of molecules? (3 points)
Cl
N \K ‘/g,,/m.n:f’)‘()mu S

(a) cl
H/&“'CHQ; and
CH,CH;
(b) CH,CHs OH
_Aamt
H/&”'CHa and '
OH
(c) " H H
H
H CEEOH and O LAGIhomeds
3 \/\ o

CHj
(S)-(+)- om\u&anim. is o much more potent psychoachVe dmug than s enantomer,

(Fun fact :
(R) - owvphutaming ! )



4. Which of the following is/are meso compounds?

H CHs CH,
Cl:'_'ECH3 C!:=EH Hj:c;t
HeaC| Hmlet C| Hm-lwa Cl

CHs, CHs CHs

I II 11
A 1
B) I
) 1

D) Both IT and III
(E) Both Iand II
5. (2R,4S) -2,4-Dichloropentane and (2S,4R)-2,4-dichloropentane are:
¢~ conformational isomers
¢~ constitutional isomers

~ diastereomers

¢~ enantiomers

(7/ identical

6. IandIl are:

CHy CH,CI
o, H@H
: v
CH E & ’
2 S
\_/ i,nz
H THy

I Il

constitutional isomers.
B) enantiomers.
C) non-superposable mirror images.

D) diastereomers.
E) notisomeric.



7.  The molecules shown are:

OH H CHy

\_——':—';/'i

CHy

A) constitutional isomers.
( enantiomers.
) diastereomers.
D) identical.
E) None of these

8. Calculate the ee and specific rotation of a mixture containing 7 g of (+)-glucose and 3 g of (-)-
glucose. The specific rotation of pure (-)-glucose is -17.6°. (7 points)

(Fun fact: ophical votahipn was fivst pbsevved in
I8V by Frangols Jewn Dominigiuk Arago, who constructed
o pelovistope v godher pudence  supportng The wave

\A—il , theowy of lg_&)i\’t,)
ee = 7 x 100 %. omd  d= g Coevamber : d somer hoy +  votation)
’ 4= 39
1319-34]| .
L ge s ———— <007 = [40%]
¥3f 39 al

Spec A volabon of mixiure

OFH(C& puty = ee = X 100 %,

gpecihc rotahon of pure
gyzu%& rlabon of mixture
3.6 Snew the (#) isomer is in axcess, the
SO of the votahon will be pugihve
. gpeahic votahen of mixture rlf 7. 0‘1°)

O.H0 =

7 sf,eu"ﬁt wichon of mixhive = F.04°



NOMENCLATURE REVIEW

1. Draw the line (zig-zag) structure for the following compounds: (2 points each)
(a) 2-ethyl-1-hexanol

(b) 1-bromo-2-pentene
(c) 3-isopropyl-3-cyclohexen-1-ol
(d)( Z¥2-phenylhex-2-ene

2. Give the IUPAC name for the following compounds: (2 points each)’

(a)

-
o) 4o \)/ & h
NI \//\/

b ) & N .«
- \/\/\ 5 =Y

3 promohaxan - 2- ona

(b) OH
/Qbm ]— chlovo- 2- ﬂﬁffh%‘)(@wﬁah'z el

(€Y~ 1- bromo-1-chiovo -2 -rmﬂ-x% - 1'()&(\‘&@

‘\/;\/g\L (s, z)-S-ch-‘%-mdhgfmx-Z —eng



ACID/BASE REACTIONS

1. Which of the following resonance structures isn’t a significant contributor to the hybrid for the
carbonyl group? (1 point)

\ . \2 @ pidb
c=0, c—0, c—o:
/ . / . / .o
I 1 11
a) |

Q_:){\ [

c) Il
d) Neither Il nor Il is significant
e) All are significant contributors

2. (a) Compare the two hydrogens shown and circle the one that is more acidic. (1 point)

——

H H)

4o G, « H
“\'\’D"@ \ \‘

(b) Draw the 2 possible conjugate bases. (2 points) P s 8
(c) For your answer above, identify which of the conjugate bases is more stable and briefly justify o
your answer. (4 points) H ©

O ic more Stable be cuse resonance I§ possible OS O

3. Predict which will be tfzje stronger acid and briefly jUStlfg your answer. (4 pomts) Pecsrance. glabilizes cmM Lh

7 bade veacl (
(b at (oM based »\ >\N/ | OGHEN bd Ap c\’.n ol the
E.k %" ,B LNWL .
B e + HL’ dl

/
: " \ | |
‘. B ‘\Jﬁ . —t— ‘;~ I\)(gl HQ{- /N | /N }
; ‘ & of N :f\- nku.\’l( b‘vde( NHz ‘\»' OH |
¢ T gGe { \“—x——-—, —_— ,__l

< \¢ \h‘ ’ QL) ‘LV\_CL":_J"

ey :_{‘ ﬂ‘.ﬁ- o
“"4.  Write an equation for the following using arrow notation. (2 points) Predict whether the reaction

c 37:‘;; w||l favor the starting materials or the products and justify your choice. (3 points) {cechim will favor prociu wts.

H’/ o¥ _H 1> O is more BN Than N
‘/\‘/ ‘,— 0 SL | - (/(( 1S N(ful’(rLV
S i
A

baat , So reachon wil
pka ~35 favor that side . ‘
i ) Look ot pka's: &-0H

o _— T 7
5. __’} O' \ N 1S (i S*"(\) "h L«(Ad (LLH
&, )Hg,bJr heny lku “KR)
\/\S’ _— _ reaChion will fuwr

()r\. ducts .

A B :
(a) Draw the mechanism for each of the steps shown in the reaction above. (5 points)
(b) Draw and label the reaction coordinate diagram for this reaction (exothermic overall). (5 points)



5,

b)

xn coordinade —



n BONDS AS ELECTROPHILES (CARBONYLS)

What is the product of the following reaction?

0
OH
/O'
™~ 1) NaBH, ( e
SN—— )

2) H;0" \\/

0

Fill in the missing reagents.

0 Mg, €O HO
? ?
/\B —_— —
r | o
"

I~

What is the product of the following reaction? Draw the mechanism with proper arrows.

0 ]/ l/ Q« n\eq-\ar\\s-v\ (-o." o\c.((’(afzil\{'t’t"(.f
o 0 acetad ( ketal) fownanbn .
M v

H*, EtOH (2 eq.)

Py
ot

What is the product of the following reaction?

0]
OoH

. 0 1) LiAIH, ( OF]
¥
2) H:0* \Q’J

OH

What are two different ways to make a new carbon-carbon bond?
organometaics  (e.q., Gnav\w'd ) Gnd cc)n'r\on1blnhs (wit Naci')

v



nt BONDS AS NUCLEOPHILES (ALKENES)

1. Give the products of the following transformations (2 points each)

(a) HBr

anti -Manvntkoy
(b)

HBr POy
—— ey
CH;OH (solvent) | r
(c) 1) BH,

/\/ ’ /\/\OH

2) H,0,, NaOH, H,0

andi - Markovitkoy
(d)

A~
o]
¢l [ €l
cl cl af
1 I 1T

Ay Tand Il
(B))1and 111
II and 111

D) I ITand Il
E) 1I



3. Oxymercuration-demercuration of 3-methylcyclopentene produces

o, on G0N G CH,
OH
i Y

| I
A) 1
B) 11
C) I

IV
Both III and IV

4. What is the electrophilic species involved in the initial step of the reaction below?

OH
N
THF /HyC

A) "OH
"HgOAc
H;0"

D) THF

E) the THF/H>O complex

HgOAc

5. The final product, D, in the following reaction sequence

CHz—7CHz
N/
PEr3 Mg 0 Hayot
CH4qCHCH > A B » € ——> D
| ether
CH3

would be

A. CH3CHOCH CHOK
I
CHy

B. CH3CHCH2CH2 Br
CH3

CH3CHCHZCHz OH
|

CH3
D. CH3CHOCH; CHz

CH3
E. CH37CHCH2CH,
|

CH3



AROMATIC COMPOUNDS

N vt pe a S et NG
) &

1. What are the three criteria/rules for a compound to be aromatic? (3 points) 2) it have g/ e tno (¢ ot tach

e JUy v-
2. Give the IUPAC name for the following compound. (2 points) 3} st have (Yn+ 2) e-
. y evhtads
1,2 ~dichlovobenzent
or
= o m - dichlovo benzent
3. Give the major product(s) of the following transformation (2 points)
o ; a
MecCl (1 equivalent) o - |
_
AlCl3
4. Give the major product after each transformation (3 points)
)OI\ L H
1 , AlC l
) cl } - 1) NaBH,
> L . S ——
2) Hs0*
(2 ‘wnWﬂ (l Fo-‘ﬂ'{)

5. (a) Circle the weakest acid of the pair. (1 point)
(b) Clearly justify your answer and include the key structures that support your answer. (5 points)
\‘\

l 7 ‘ﬁ\.‘.'g oy, bae i reSonange

D .
Y steloilized 91\\'?’1 with
f’ o™\ 1y, - less ke

Y l"C u
LN am. s‘mb ized LO‘{) bate with o J V

aud



6. Propose a mechanism for the formation of the major product of the following reaction. Include
resonance structures. (8 points)

© ©
> e e i
0 C‘é,t Fells

7

6

| o%‘"\
f\f\' =

cl, o
N
o~ i e > /4- & \<l@
FEC|3 |1'.'

P/
7. Propose a synthesis of the following compound starting from benzene. Include an analysis (bonds \], :
broken, bonds formed/groups added, regiochemistry). It is not necessary to include mechanisms. O
(14 points) Boncls bwken = U | e \(
| ~ ) /N g l
I X e
bnzens el
dl
N ¢ Uq A HND,
—_— k> e B ~ )
T @ Fedl; HesOu @ H So> (
acded  pozen Hy SOy Lag | #
L_/J ne S0, H Hy 50y
cl - cl Wt JasD
N_ | oI (2 %) NHL
vochemighvu t oriine \ g( b
"¢ Sy oo & / dE*??T NO,
8. Propose a synthesis of the following compound starting from benzene ) Itis not necessary to \ H
include mechanisms. (10 points)
CO,H
\O )
-
SO H OH © S o
@ EO;H) l < NaOH CH31> | ., I 3) h
—_ P
= Hy SOy g D £+,N P Z AlCl; Y
benzen A CH3
D&)\Lﬁf\(ﬂ(b( GLE" 9 O - \
o ) M5 > \l_‘/,\ ) I(Mn(}.., 5 NaOH
D N W ‘ 0 H 0P



TYPES OF QUESTIONS YOU MAY SEE ON THE FINAL EXAM

- Describe how to separate a mixture of two types of compounds, using a flowchart. Hint: use
acid/base properties.
1. = e.g., Describe how you would separate a mixture of benzyl amine and benzophenone. Both
compounds are soluble in EtOAc. BE SPECIFIC — a first year student should be able to
perform the separation following your instructions. (10 points)

- Give a mechanism for one of the reactions you performed.
7. * eg., Giveamechanism for the following reaction. (11 points)

Br 1) Mg .

2) CO,
—_—

3) H,0"

2 * e.g., Draw the mechanism for the reaction of carvone with mCPBA. (8 points)

o}

mCPBA

- Explain the importance of a given step in the experimental procedure.
4. = e.g., Why is it important to obtain dry ice immediately before using it in experiment 4? (2
points)

- Explain the purpose of a given reagent in the experimental procedure.

5§ = eg., When you did a TLC of the epoxidation reaction mixture in experiment 5, you dipped
the TLC plate in a solution of potassium permanganate (the purple solution). Why did the
spots on the TLC change colour? (1 point)

. = e.g. Consider the reduction of nitroacetophenone in experiment 3 (shown below). Explain

the role of the workup step. (2 points)
0

O,N
1) NaBH,
—

2) H0'



R~NH, and K/ILK e EOAC

e-NH:
&H-C! | :
N 10°/- H-CI (afb)
AQUEOUS
OREANIC
(ET0ACH
Vv Vv
WoH =
\- &)
-N=H S
R, % R)LK n EfOAC
N BH | l dvy, filter,
A ;
ARVEOUS i ORGANI fvaporm
o |
ure | ‘
| l ool K
Abts o
(N Ci€) et
l dmé %{H{r,
-@vﬂpmﬂit
Furf{r_Kv"hNHf. }

\ - dwsolve bethe an EXOAC

2~ add 107 HCl (wwew), shake and acparate fhe fayjers .

3 = Evaprwate Ahe G ganic jag,cr - 3.(,15' pwie ket ,

4 - Add EtoAc (solvent) b the aguiew duver | Ahaju and separade fhe ,{ayus.
5 - Svaperate e mgam'( J(Dﬁ(f - g,cf pure anunt .



o
/. = O@ /\5 MgBr
. R G \
<~ Mg Mgbr i C <0
J — cr
B Y ~MgBY
oH @o M S

LA
0 or ‘ O/ R
o
ot — Y
4,— | + H (o]

I Hw (a() o
R ]

[Ze,g«osdecﬁm‘é: A dowlle Jend Ahat deten't aeaet 4o wa'uga{ccl with. tha
carborul, and thws Ay Aower ¢ denaty -

4. Dru i Aheuld be olbluned NBM bcﬁm Yo vt At feaune woder vapeuy
om the aie condences on ik Al oud {}m deng . We want Ao
wmin(oige  Ahe water ?rc,,u\{ whan Thae chq_r\urd reaets wﬁ‘h CO, beawse waktr
Frc’wmdw ot NS tha (;]ﬂ&t‘-&ﬂ'd, which wewld uduce Ahe &'e,id .

5. The KMnOy rtacts with fhe unreacted  double bend M carverle, D)(IU!ZM%
i and thu)beu Canaing its colour Mo Lhangc ,ﬁwm purple fo bipwn,

C. Hﬂdmlﬂsis of bewte wter© awe scheme 2 (p.21) M the lab manuad ém

e mechaniam .



- Calculate the yield, given the mass and molar mass of the starting material and product.
<. = eg., Calculate the yield if a student began experiment 4 with 3.0 mL of bromobenzene
(density = 1.5 g/mL, molar mass = 157 g/mol) and obtained 2.9 g of white crystals at the end
of the reaction (molar mass of product = 122 g/mol). Please clearly show your calculations.
(3 points)

- Explain the regioselectivity of a reaction.

g, = e.g., Explain the regioselectivity of the epoxidation in experiment 5 with mCPBA (i.e., why
does one it bond react preferentially over the other?) (4 points)

Best of luck for all your exams and have a great summer!



LALS

E vi il s actued .
LY gitds :
’ e thorehcal S
dhanvcieal = 20 C 152 & 1 wol . 1 ool bwzelc acid 1219 3
bromobenzent m L 1 mol bromobonent mol g
Z N = ij j * = 1_-_*-
4 Sy 7O " 7]

The reochon vate a hAE\M.r Loy the double benel fhod o mene e vich. dnthi
taae, Ahe double bend at’ the top 4 wﬂjuqahd with The Mrbcn%tf, caum\rg -
dcn/aﬂﬂ to be dvawn awey, and ‘Mvu,{bw At & €™ poor comparee o the double

tond  af fhe bottem .



