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Before starting the exam, be sure that you have correctly entered your:
e Student number

e [Exam code

1. All valence electrons are shown for the Lewis structures below. Which species
bears an overall positive charge (i.e. is a cation)?

>
||'| :0:
oo oo | /
A) H—C=C: .H—C—O—H C) H—N—C=
) (B)) H=¢— ) A=fi—c=cl
H H H
H O =0 :Cl:
|1l @ \C:C/ R
D) H—C—C—C—H E) \C/O\H
Y Y H |_|/ \
2. How many of the following species contain exactly three sp*-hybridized atoms?
o (ZF£S
S¢
C—Ml:)o)(allo;[-ﬂ_ OLVV\LCLQ_
A) 3
C) None
D) 1

E) 4
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3. Histamine, one of the compounds responsible for the symptoms associated with
allergies, is shown below. Which N atom is the most basic, and which H atom is

the most acidic?
leost - stable loose
\,/— (—— mosT-sStable CO“.S“S“+2’ bo.se

most basic N most acidic H

I sp
_
C=N 3
A) 1] X <
Yl P
B) T (z ) z _—
n w / CH2CH2NH2
C) I z H/N ? t/
D) I z > v X AV
E) | Y aves L wes e
t\\—& | l onr t of
op one P [ adl
orometic sextet
4, Which one of the following is the most stable conformation of

cis-1-chloro-3-methylcyclohexane? ( Ly onn V\o’f&&)

Cl boaﬂ:‘

" “trons ) CIHCHs
f : /> CH,

@ chm/d eq . D)
5 TN\ o

‘{’/‘M\. S
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5. How many constitutional isomers of CgH140 contain exactly one tertiary alcohol
and four primary carbons?

ok cortain + otk (tertory aleshol )

A) 4

) \ occc ounnts ’FD"‘ & c,
B) None

C) 2 “4 primmories Needd L rore

D) 3 ,J‘__op\
®D {
rb"’“

Cl
I
6. Which one of the following is not a conformation of CH3C|:CHZCH3 ?
CH3
Cl CHjs
H H CHs Hs
A) @ Sowne
HsC CH3 Hj oS
CH3 H3C H
|
H CHs >—<
cl CH3 H CH3 &
D) E)
H CHs Cl CH3 Nnot
CH3 H
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7. How many units of unsaturation are in the female sex hormone, estradiol?

A) 6
B) 5
D) 4
E) 3

8. Assign E/Z configuration to each of the three alkenes in the compound below.

N ED @O

B) E
C) Z E z
D) Z Z E
E) E z E
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9. How many of the following reagents give a racemic product mixture upon
reaction with 1-pentene? _— =<
HCI Brs H+/H20 H2/Pt 0s0Oy4
A1
B; . ott
Br
L
C) > /l\ /\_/'\/er
D)2 ~—~ — |
& &r z
/\/-\ /\_/\/
o
/\/‘\/ oH
/\/\
exedrale f(’\

10.  What is the relationship between the two structures shown below?

CHs H

Ha = H-C %,
\/, 3 LG
~C—CH,Br /C—CHZOH
HO Br

different conectivdia
A) Identical
B) Diastereomers

@onstitutional isomers

D) Conformers
E) Enantiomers
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11.  Which two of the following compounds rotate plane-polarized light to the same
magnitude, but in opposite directions? .%. esonTicnmers

COOH CH,OH COOH CH,OH
H——OH H——OH  HO—1—H HO——H
HO——H HO—+—H HO——H HO——H
CH,OH COOH CH,OH COOH
1 2 3 4

A) land2 &— 1dentical CFO’f'a:fe, fﬂ%—l}

e rotke % 4
C) 1and 3
D) 2 and 3 e— dostereomers

E) 1and 4

12.  How many of the following molecules contain an R stereocentre?

[ <
Z > % > O_ _OCH;
O CnoaroOn
a,ob\,n"al \
A) 1 R S R
B) 4 Ce/\,am’ﬁom

C) None of # 9‘3

E) 3
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13.  The best yield of (R)-1-chloro-1-phenylbutane is obtained by which reaction?
0 - oH rocemli
/\/{k < L
A Cl NaBH
) @ _ . I S
acl, __F <)
@/‘/‘\/\‘ racemic
.
N N HCI —— /l\/\
B) - > O
- aacewnll_
C) s SOC|2 — )\/\
s, (o
(M\DW\W>
Br C,Q@ = SOOCL Noe = Sn
. (&
NacCl Z
=
ol
O /\%/\
/\/{k @ ro-eertic
E) O cl H, / Pt socCl, 2
Acl;  _ S Q/l\/\
@J)\/\ < rocemnic
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14. What is a possible structure of a compound with the IR spectrum shown below?

TRAMSHITTAHCE 1
@
=}
1

9) (—Frow\ no‘(’esB

T T T T T T
4000 000 2000 1500 1000 s00
HAVENURBERT -]
—
-

A) — B) )\/\/\

© @i V) /\/\)\
O

15.  Which one of the following has exactly three signals in its **C-NMR spectrum?

SO Nte:

)



g mc,‘(’u/c, av bb&’\dfb
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16.  An unknown compound reacts with two equivalents of bromine in CCl, and has
the **C-NMR spectrum shown below. What could the unknown compound be?

— oRlkenz
I I I | | I |
140 120 100 80 60 40 20 0
CAAN— PPM
onx om‘ﬁff
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17.  Which one of the following reactions proceeds fastest by an Sy2 mechanism?
- Soch ‘Mw

:()occ( I,C_,
épaca,
A) Nal + CH3OCH; ——> no 3004
I leaome g roue
) ) \
s ()
B e
<) <
o Cl A

e ne ood Le-wln ro(;.,'o
C) (CH3)3COK + CH3CH2NH2 —_— 3 3

+O@ lot)ul lc.\{
D) CH3NH; + CH3CH,CIl @ —
IO
(E)) NaCN + CHsCHBr ——
S | ©
C,oW\PM"\S R, O, E, E haa Hee |leak le-O(A)IVLS
Sf"’uf CB('}, ls pnm/‘[) M\.c( P\»M ﬂb(—
best V)up(eo,oht le_

18.  Which one of the foIIowing\ionizes the fastestlwhen dissolved in methanol?
Snd or B A\ weak

A) CHsl B) @N C) CHzCHyl
! I
o (T o(J

KLvea most - stoble corbocation

D
—
[
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19. Rank the following in the order of leaving group ability, from best to worst. stable
best . 1
Br® H,N HO® -
st most-stable
best B worst
A) HO® Br® H,N®
B) Br® H,N® HO®
C)  H.N® Br® HO®
BrO HO® HoN®
E)  HoN° HO® Bro

OL\.H'AZ M\cL no‘t
o~

. wayture

Which one of the following gives the best yield of an optically active product (or
product mixture) when reacted with (S)-2-bromopentane?

CH3CH,ONa B) Q\ Q) ONa
oK

!valk*( étrons Ba&
= e,Q.tmtm‘(Te.
D) CH3CH20H

(weok
= .Sn_'LB

E) OK

-~ ~

A o Hhe  snaldlest, sf’ror:S mx.clw,otﬂz,

—% SN mosst ( \be,l\{
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21.  Which one of the following does NOT proceed by the mechanism indicated?

OH Br
@X . HBr @X

B) Br + NaOCHs _CHsOH O‘ E2
@/>( + HCI —— />( Sn2

conrnnst proces b S~

D) ~ SoH + HBr ——> ~ “Br + H0  S2

22.  Rank the following in the order of increasing boiling point (lowest to highest).

CH3CH,OCH,CH;  CH3CH,CH,CH,OH  CH3CH,CH,CHO — CH3CH,COOH

1 2 3 4

lowest —_— highest
A) 3 1 2 4
B 4 2 1 3 S

) H- bond
@ 1 3 2 4 N
D) 4 3 1 2 Car better
E) 1 4 2 3 o dehudea
nore Po(a/\
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23.  Ethanol is metabolized according to the pathway below. What are the oxidation
numbers of the indicated carbon atoms?

o) o)
] I
CH3CH,OH ——> CHCH ———> CH3CO°

! T T

X Y V4
X Y Z
A) -1 +1 +4
-1 +1 3
C) 0 +1 +2
D) +1 0 -1
E) 0 +2 +3

24.  What is the major product of the following reaction sequence?

S No®D
j\ Ockz

@
H N
/\ / H,O a CHgsl r> /\
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25.  What is the major product of the following reaction sequence?
-~
s
P
@

O\ conc. HySO4 _ CH3COgH H /H,0 o
OH

/\

\

WOH O
A) OCHg B) O C) )k
“OH

—

26. How many of the following molecules are aromatic?

O O /Nﬁ
- |
W M @N
v v O /
A) None
B) 1
D) 2

E) 4
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27. Whatis an incorrect IUPAC name for the compound shown below?
HO NH,
A) 5-hydroxy-2-methylaniline v
B) 3-amino-4-methylphenol ¥~
C) 2-amino-4-hydroxy-1-methylbenzene ¥~

D) 2-amino-4-hydroxytoluene
@4-hydroxy-2-methylbenzylamine

28.  Which of the following is/are NOT involved in the mechanism for the nitration of
benzene?

NO, NO,

@ e H H

NG @©< < es.

1 5 @ mr\tf\' 3 P\i‘f’ru—d{—wcs
be |ere

A) None (all are involved) X
@ only - =~k —
!
C) 2 and 3 only =
D) 1 and 2 only

E) All (none are involved)
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29.  Which reaction does NOT give a good yield of the product shown?

w
Niaoe
+ HNO3/H2804 e ©/
. H3PO, /\A
CH3CH=CH, —» @
/®\. vwavc‘-&

A)

=+

OO 1O OO0

c ﬁ—OH
) conc. H,SO, —— O/o
O @]
+ —
FeBrj Br
E) + Br, —

30. How many units of unsaturation are in the DNA base guanine, CsHsNsO?

A) 4 - (gnove O

B) 3 So CsBsNs

C) 2

—-6u~f:>+v*a.c7€3—"\—Por-60-°/’\1\\
E) 5

:o CSI"\O

- hofWJLtS CS{J\l&
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31. Rank the following from the lowest pKy, to the highest pKy.

® NH» @)
" NH; PR
1 NH>

no lone poirs 2 3

lowest ——>  highest Hromn aunilirme_
A) 3 1 2 (see etample
B) 1 2 3 in notes)
C) 3 2 1
@ 2 3 1
E) 2 1 3

32.  The *H-NMR spectrum of which one of the following molecules contains exactly
one singlet, one triplet, and one quartet?

s
| 4 Cl
D« o L1

Cl

C) D) OH
O Cl

E) ><O/\CI



Chemistry 2213a Final Exam, Fall 2008 Page 18

33.  Which compound has the *C- and *H-NMR spectra shown below?

/—\Mcmaf\.c
140 120 100 80 60 0 20 0
PPM
4H,'s 6H, s
M@W{\L‘
6H,t
2H,t 4H, m J‘
I i
8 7 ‘ ‘ 4 3 2 1 0
PPM
o) o)
A) CH,CH ('é (%CH CH OCHCH;
312 28 OCH,CH3
OCH,CHs

C) (CH3)2CHOC@COCH(CH3)2 g
OCH,CHj5
CH3Q C CH,CH3
@ CH3CH2 OCHs
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34. An alcohol X, Ce¢H140, undergoes acid-catalyzed dehydration to give an alkene,
CeH1z. The *H-NMR spectrum of X shows peaks at § (ppm) 1.48 (4HTq), 1.38
(1H"s), 1.12 (3H®s), and 0.89 (6H®t). The *C-NMR spectrum of X shows peaks

Testoook at 5 (ppm) 73.0, 33.7, 25.9, and 8.2. What is the structure of alcohol X?

O 0 >

f ronn

& OH
OH
o N /Y\/
OH
E)
OH

35.  Which one of the following is an acetal derived from an aldehyde?

o CH;:;HWOb5 . Ho wae aldelwde
OH ohe
A ho ocH, ¢ B [ij
OH
CHs OH 0
C) B D) <I ></—aw€«,t
l/\WlMdaJL O o-ﬂ kz+dﬂ&
of ax delnde
0
E) OCHs

OH Nt e oceta
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36.  Which of the following is NOT involved in the mechanism for this reaction?

o @ OCH3
/JL\\ + CHOH ——>
OCH
weork ouk mecharisns 3
OH OCHs “ocH
® ®
OCHj3
(@) %ehy E)
®OH,

37.  (S)-2-methylbutanal was placed in a basic solution. After a period of time, the
solution became optically inactive. What happened?
\__/
Yaccemic Mm‘(’wwe,

A) None of the other statements can explain the observations

B) Oxidation of the aldehyde to a carboxylic acid occurred
@Keto-enol tautomerism occurred

D) Reduction of the aldehyde produced an alcohol

E) Decarboxylation of the aldehyde occurred
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38.  What is the major product of the following reaction sequence?

O

o on

Hae — NH ~§

39.  Which two organic reagents can be used to prepare sec-butyl methyl amine via a
reductive amination reaction?

/t_,/-i\/ C ze * omnmine, tHrern reduction
o—F 1N~ ne

O
: @)
A) /\/{kN/ "o )k/ t CHaNH,
H

0 0] @]

2

NH
B+ cHal
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40. What is the product of the following reaction?

o)
I
CHCOH + NHy —> 7 SalX
&O\A SoniNne—
OH
o) o) |
A) I Il 0® C) CHsCH
CH3CNH, CH3CO NHy |
NH.
o) NH
D) @ Il o E) Il
HsNCH,CO CH3COH

Page 22

41. How many of the following compounds release carbon dioxide when heated?

O O O O
£ “oH OH
o)
o)
| @ O O
)K/O\)k
OH HO OH
o Ne ﬁ" ]CQ’('O

B) 2
C) 1
D) 4
E) None
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42.  Which statement(s) is/are correct about the antibiotic amoxicillin?

H,N O O
O
HNIee N
OH
S
HO

1. It contains a 3 lactone (C,\(oltc. e,s-PerB b

2. It has exactly 9 units of unsaturaton & T + > rm&s v

3. The aromatic ring is para-disubstituted v~

4. It contains exactly 3 primary, sp*-hybridized carbons only X
A) All statements are correct
B) 1 and 3 only
C) 1 and 2 only

@' and 3 only
E) 2, 3, and 4 only
43.  Which one of the following reacts most slowly with agueous NaOH?
I i I
A B C
) CH3COH ) CH3COCH3 ) CH3COCCHg3
O O
D) I I
CH3CCl CH3CN(CHa3),

dmnde = Le,m;Q_,- fw‘tf,ue_,
ocud  derivative
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44.  Which reaction does NOT give a good yield of the product shown?

e) @)

A H® OH

) Cl + Hzo e

@
(I\OH L» @) + H20

B

) COOH

O

0
@ COOH
C) O+ HO —»
COOH
0
O H@ @)
D) \T/’+rbo ", /J\
o) OH OH

0
@ NH + CHOH ——> . NH,
0

oomnde = e,&’fw-
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45.  Which of the following reagents gives a positive visual test for an alkene?

Bry KMnOy4 HBr
O @D,
F
A) 1 only (CA/’OYWV\ —ForW\&d
B) 3 only
@ and 2 only
D) 2 and 3 only
E) 2 only
46. In organic chemistry, what does the term salting out refer to?

he addition of NaCl to reduce the solubility of an organic compound in water
B) The commercial process used to isolate sea salt by evaporating salt water
C) The removal of HCI by neutralization with NaOH, forming NaCl
D) The precipitation of the salt of an organic acid

E) The distillation of a mixture, leaving the salt in the distillation flask and
collecting the salt-free distillate

47.  Which statement(s) is/are correct about the acetone used in the sodium iodide in
acetone test for alkyl halides? S~ Ftest

1. ltis a polar, aprotic solvent v~
2. Sodium iodide is soluble in acetone v~
3. Sodium chloride and sodium bromide are both insoluble in acetone v~
( Pp’ﬁ, = positive ’t’e‘s‘(’)
A) 2 and 3 only
B) 1 only
C) 1 and 3 only

II statements are correct

E) 1 and 2 only
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48. In the silver nitrate in ethanol test for alkyl halides, what is the rate-determining

step of the reaction that occurs in a positive test?

A) Oxidation of the alkyl halide by Ag*

B) Dissociation of AQNO3
C) Reaction of Ag” with CI”

D) Reaction of the carbocation with NO3~

@onization of the alkyl halide

49.  What are the expected Tollens’, iodoform, and ferric chloride
test results for the compound shown?

S~A

Tollens’ lodoform ch1Ieorrriige

A) positive negative negative
B) positive positive positive
C) negative positive positive
@ negative positive negative
E) positive positive negative

mMesthy |
O ketore

Neo oJLcLe,L\\tclex

Neo pkomo(

50. Why was the acetylation of salicylic acid performed under acidic conditions?

L,

- X

I
OCCHs

COOH

O he acid makes acetic anhydride a more reactive electrophile
B) The acid adds to the aromatic ring to make it more electrophilic

C) The acid neutrailizes any NaOH present in the reaction mixture
D) The acid makes the phenolic OH group of salicylic acid a better nucleophile
E) The acid makes the phenolic OH group of salicylic acid a better leaving group



