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Instructions: PLEASE READ THIS PAGE WHILE WAITING TO START!

= Make sure your exam has 12 pages, including this cover page & a periodic fable/pK, data.
Write your student ID number on all pages.

Write all answers legibly in the space provided (use the backs of pages for rough work).
For full marks: you must show formulae, units & comments throughout your calculations.
You may detach the periodic table and “potentially useful information” page.

Read ALl gquestions quickly BEFORE starting the exam; do the “easy” questions first.
Suggestion: spend 15 minutes per page to have 45 minutes left to check your work.
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#1. _'{3 marks) Circle the word(s) that correctly completes each of the following statemenis:

a) A molecule is most likely to collide with the ( LEAST ST ABLE /(MOST STABLE)) conformation of
another molecule if the two compounds are in the same solution.

b) Simultaneous occupation of a bond’s bonding orbital and ( NONBONDING / (ANTIBONDIN ) orbital
leads to bond breakage.

¢) Electrophiles are strongly attracted to the =-electrons in alkenes and alkynes because n-electrons are
relatively far from their atoms’ nuclei and have high ( ELECTRON DENSITY (POLARIZABILITY) ).

d) According to the Cahn-Ingold-Prelog rules for assigning priorities, higher priority is given to the
substituent whose connecting atom has the larger ( ELECTRONEGATIVITY / (ATOMIC NUMBER) ).

e) The ( POSITIVE FORMAL CHARGE ICEPEN VALENCE )) at the carbocationic center is what causes
carbocations to be unstable, reactive intermediates.

f) Cyclopropane is unusually reactive because of its @ =-BONDS ).
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h) If some strong acid is added to a solution in an alcohol solvent, this will cause some of the alcohol

molecules to exist in their ( DEPROTONATED /PROT )) form.
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/' #2.2) @marks) Which of the following molecules would have the highest solubility in water?
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b) (2 marks) Which one of the following molecules cannot undergo nucleophilic substitution reactions?
Br Br Br CHaBr
CHy;=CHCH_Br O/ O/ O/ O/
Erlﬁ'LGf

¢) (2 marks) Rank the polarity of the solvents shown below, from highest {@) to lowest (®):

o 0 0 o)
(CHyCH,0H ( 7 ftll, /g\ d
HoC~ “CHs HsC™ ™ “CHs HsC”~ OCH,CH,
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d) (2marks) Circle any of the soivnts in part (c) that would be described as “protic”. =ppneans acilite
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# 3. (4 marks) Provide an example of each of the following types of species (i.e., draw their structures).

a) a secondary radical b) asecondary amine = 2 R Growps on N
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c) aterminal alkyne d) aresonance-stabilized carbocation
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# 4. (4 marks) Draw skeletal (line) structures of the following ma!eé&les: ingrgdes reochemisiry.

a) iiI-B-memoxg-z-meth}dpix’%ene 3 U_sb} 7-methyl-4-propyloctan-4-ol

B gL P

i L e T (2) \
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# 5. (5 marks) Methylphenidate (trade name Ritalir; shown at right) is prescribed
for attention deficit hyperactivity disorder (ADHD). Ritalin is a mixture of R.R
and S, S isomers, even though only the R, R isomer is active in treating ADHD.
The pure R,R enantiomer is now also sold, under the trade name of Focalin.

>
a) Name three functional groups in this molecule. @ - A
[‘ amine caibony| },;9 estec -
15 pheny | aikexy &7 @

b) Draw the structures of the R, R isomer and S, 5 isomer of this molecule.
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‘ f nH O f/\ NH o
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¢) Name one property that would diﬁii,em for these isomers, and one property that would be the ﬁme,
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# 6. (4 marks) Imagine that you wish to prepare a solution of ethoxide anion by adding a base to ethanol.
%\~ Explain why one of the following bases is suitable while the other will not work: C@-Iz & CHSCéIzNHz
/ Your explanation should include chemical structures and reaction equations.
Rxn of interest o Ci3CHz OH + (IﬁﬁﬁF.)J —>  (H3CH20% + BasEH®
ethaxide
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# 7. (5 marks) For alkenes with a vinylic ether substituent, addition of HBr occurs regiospecifically to give a
product with the Br and OR bonded to the same carbon atom. For the example below, draw the two

@ﬂmﬂ%ﬂ%lﬂ this electrophilic addition, and explain mm

observed product is formed exclusivel =
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# 8. (9 marks) Consider the alkyl halide shown to the right. I L _Br

(=

a) (2 marks) Name the molecule using IUPAC rules; include stereochemistry

[ (i.e., absolute configurations 9_-;!_ relaiwe .orientations). |- bfewe’ } Yrans 2

(Mh b.smg, a- -:H‘-\y &C{ohﬁ,{ﬂn{l’ oy clohen._he

—nl0.28 u.;L
b) (5 marks) Write a full arrow-pushing mechanism for theE_N_Lr_e_gEt_iE_rLof this compound with CI” ion.
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¢) (2marks) Is the product from part (b) optically active or not? Explain bneﬂy (1 1] explain ok bt wnng
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# 9. (12 marks) There are different ways

6

td_ attach bromide substituents, to different types of carbon chains.
For the reactions below: (1) provide the missing reactant or maior product(s); include stereochemistry.
AND (2) write a few keywords about the mechanism (e.g., type of intermediate...)

to explain BOTH the regiochemistry AND the stereochemisiry

Br §r
v =,
L =i L .
W oL 2 & e ¢
HiC Br Br %Ha
Explanation: BACWNAToN 0F ALKENE ° 50% % 50 %
cleces! v\gciﬁift browaoniup h!ni'gl'"mtdlfdi = Fo - F {%;5/\/
andy affack by Br= BE o /|
rénw: ne réal wf.lj o See Wt ’n&-l'ﬂ} Since F‘“:;:Dw fromeabewe
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50 %
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# 10. (8 marks on this page + 8 more on next page...) Under certain conditions, treating cis-4-
chlorocyclohexanol (top diagram) with NaOH in ethanol results in some substitution but mainly the:
elimination product (1). Under the same conditions, trans-4-chlorocyclohexanol (bottom) yields mainly
cis-1,4-cyclohexanediol (2) and a bicyclic ether (3).

PP P 1% & -
&{,\.«IFIIIHM'L"' E
MNaOH + Spmig 5&%@%
Cl O = OH
CH4CH,OH

“

)
: Ly
= NaOH + some hupminadion
@’ °"”""<:>"°“ CHaCH,OH HO"O‘OH i @
(2) culalibution (3)

a) (4 marks) Starting with conformational drawings c@d—chiorogycluhexanol, write an arrow-pushing
mechanism to explain the formation of product (1). Glven b ELinkaTed flobuct...
cH

g o8 =
PSR $or -—\__—_—"—1 m + Hz2O + CRC'
0 o
0’ r * H v"/___..—

.{‘ -
ol _ﬂa!rie—“ ":lf' ¢ sl c&hﬂ:fm{—ﬁﬁﬂ'ﬁe‘ sl it L = *
%&;?& K o, & has pHs a WA LG concdo B2 sarty
[{ﬁ eithed ?,H leads tu Same f"‘a“d-m* fgtf"‘"‘-"""“-'-"r”"'"')
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e Elimi ackion. via M = : | :
com cﬂﬂhﬁﬂ‘ = g Laﬁe. Q’c{fk-frﬂrmn; ﬁc‘for for
( ) ¥ oo = Con Lm’-’rt_:(l Mg cA B FTA

(If Bl Dmax 3)

b) (4 marks) Starting with conformational drawings of@#chlomcydohaxancl, write a mechanism for
the formation of product (2), and ancigunt for its configuration. SubchiTunicd FloductT

OH b3 v
o = —j\& e =)
e i xa T

HO £ ; ol
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Saes: o nef wlfho, chan conformes
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' QUESTION # 10 CONTINUED... (8 more marks)

NaOH i iy
@ CI-O_DH CH,CH,OH OOH ¥ e il fon
(R H
NaOH s ;
i PoTITER ¥ z peme Ahimonatven -
@ o O—UH CHyCHZ0H HUH‘“C R @ 7
@ E)

¢) (4 marks) Would the elimination product for thé lran$ isomer be thaéame: as (13‘“?r different? Why
does the frans isomer undergo elimination more slowly than it undergo itition?
PP RS |

confos ! 5 rate 1 .
w \‘_- ( v mech 'll&txlﬂ‘hlﬂ ﬂi%‘u? ﬂH:ﬁ.. A
0H -

g confo X : PIN 2 ke Huo n peliten)
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o( ;:;3“‘\41 '-%? SL_GW f’:; gl,;\_,méfﬂg_rtﬁ"n En.{,’w‘l l\n./\..( - f:&fEA EE Gt

\V gut Hws ervfoumer cad do SR tan ml'\f

U < Ak M(,I"D 2 ?"" 4ive Same reralt

both same oe (1)

uph becauge o the & ﬁHﬂ would be RACEMIC,.

d) (4 marks) Explam why the blC}'dEB ether f3:| is formed from the‘,momer but not the cis isomer.

fana .
4] ﬁ t &M g *u’ @/

bead v hlua o LG
: d s J“tﬁhhf\ffyr

Cl\ ﬂ» — ’@E ¥ 10 reaciond k= @

+Ha0

el iittamleandar
NL‘E\ fromd - side EH‘MJ!'-\X SHaL. prowlat-
Lif gve OB wisk o A
%\ % rRasonsbly sxplalned . Pagradeion '““__ “

(\Mﬂ\ le T‘ hgq_d]ngj
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ch tran_afonnation shown below.

# 11. (5 marks) In spaces A — E, write WE@&@muimd to achieve each tra
: oasfecao T s
n@ﬁﬂaf THF 3;’; E":,J i uﬂ!g-flﬁf} . o
®T}Hf HT'O;. I'Izo EL{:\G / CH3 A ‘]Ei;}ﬁ\"\-/ Br
. g = ntimark. TR T T X
ll He’r ha i;onjr_e nulj adda oF H20 E?,-{-,-J LEs
C: NaC=CCHs o for C=CcHs
( (Rpeolic sehvent)
T Dy, Lndlars o4k CHs  pecoxide! CHs CHs
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L - =
E: CH:,%DGH - | H :
2y
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#12. (10 marks) Provide a multistep synthetic route to ONE of the following target compounds.
Start from the suggested starting material and use any other reagents you need. For each reaction in
your route, specify the conditions needed for maximum yield of the desired regio- E{Qt_ergc)emistw:

reagent(s), solvent type, and temperature (hot vs. cold —only if it is important),

4 shoc - 2.5 t :
H L0/
CH3CH,CH3; e HiC———H | OR CQ 9 @9\/"\
i e & H
v 1 11y
& oo N
%F-L KC B"‘ / . .
o ._;;T__) :/:/L__\ -T-@ /\.\M: + enantiomer
’
J‘ b K‘,Sqq
i [3:;\/ / Ko'Bu,/ V/H
— =
. (4 A 4 O\'E’r THEY 1:‘1
M) CHacly s o
L ‘/ L chircal - 5,«}{1&&& {'ggrﬁ;,fTHFj;/
o e t )*fog'f bt not o 1RO 70 2) patn, "0/ 80
T "L et oot BRC e T
H
H
Niy O
Andrle 3 N"‘MHi/ CL;{ 1 @H
eliminadion Tgﬁ)’{ag*ﬁif) CHs s
e [m e o
Do S
H}C,"'C EQ‘H../ gﬂeu“r‘w‘-* { ) B¢ CHa(H,CH3
\\x / | o pCHLCHCH3 \/ oCH, (i CH,
= CH>, £ ,,CH,;/
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BONUS QUESTION: (3 marks)

The 3° alkyl bromide shown does not undergo any nucleophilic substitution reactions (neither Sy1 nor 8,2).

Why not?
Simplified view Realistic conformation

Two drawings of the same molecule:
. Br
Br

o Sna:  does wnel occur Br 3°RY k/ 7
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