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# 1. (_/ 16 marks) Circle the word(s) that correctly completes each of the following statements.

1 mark each:

*

b)

c)

d)

e)

v

A molecule or atom that is described as electrophilic is also ( (LEWIS ACIDIC)/ LEWIS BASIC ).

If a bonding orbital and its corresponding antibonding orbital are both filled, the bond between the two
atoms ( FORMS l).

A radical species will be ((STABILIZED) / DESTABILIZED ) by the presence of alkyl substituents on
the atom carrying the unpaired electron. :

The rate of a reaction that occurs via an Sy2 mechanism will (i DEPEND ON )/ NOT DEPEND ON ) the
concentration of the nucleophile.

At room temperature, { SUFFICIENT / INSUFFICIENT ) thermal energy is available for an alkene to
rotate about its n-bond.

A molecule with n stereogenic centres will have a maximum of ( 2n I( 2“\), stereoisomers.

Markovnikov's rule works because electrophiles always add to the ( MOST IEEE‘}) substituted sp®
carbon in an alkene.

Secondary alkyl halides react faster than primary alkyl halides in ( S\2 f@) reactions.
5.4

2 marks each:

i)

A reaction pathway with a lower activation energy has a ({MORE STABLE:'/ LESS STABLE ) fransition
state than another pathway with a higher activation energy.

When an elimination occurs via the E1 mechanism, ( ONLY ANTI / BOTH SYN AND ANTL)) elimination
products are observed. W

Any species whose conjugate acid has a pK. ( BELOW l) the pK, of another substance will
be a strong enough base to deprotonate that substance.

We would expect a tertiary amine to be ( MORE SOLUBLE /(LESS SOLUBLE)) in water than a

secondary amine with the same number of carbons.
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( 035 fur exta hyphens or omma problemS — onee ehdy )
#2. (_I 4 marks) Name the following molecules according to IUPAC conventions; include stereochemlstry
(i.e., relative onentatlons andloorjbsoiute configurations as appropriate).
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# 3. (___! 4 marks) Draw skeletal (hne) structures of the following molecules; mclude stereochemlstry
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# 4. (_/ 4 marks) Drawhat represent examples of each of the following types of compounds.
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] ; 2 N 2n 7
@ @ /@ ghereo~
J £
& 2 b f’e L bl <k

ReQuiEDd.

©

NOTU oc no makls

SO eﬁ&u

d) a polar aprotic solvent

2q. 1 IRE Am( DMSD e
/O\ (D\l 5 ,\ (Q)KC%

—/ cuy, oy

(:illcjnlOfUle
CitCly

o:&‘ZS‘ OI'}-j M.“H"fl“?‘tb tlar cmyd (Quif&/ﬂab)

B or oK bonds



4

CHEM 221 Winter 2005 Section 02

# 5. (__J/ 5 marks) Some propérties of common alcohol solvents are listed in the table.

SN RATE Diclocti
In which of these solvents Wwould (Fbutyl bromid®)most rapidly | compoung | BN point | “EET
undergo solvolysis (e.g., to form an ether product)? Explain b.p. (°C) c?:tsztgpé, £
your answer using a discussion of the reaction's mechanism. QLCHsoH j 847 @Jr
et el e e & WKy
o dechiany” halide =D O3l o 218 CH,CH,OH 7823 25
&G ke degends on ke D (CH):COH 82.3 1
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# 6. (__/6 marks) For these questions, include any structural drawings that help clarify your explanations.

a) (3 marks) Which species is-rm;-m*c%w ic: ﬁ'yl‘gnrﬁwm ei’{@\/ﬁr ethylamine, .~ “NH. ?
Explain briefly. e ‘ 4 :
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Vz.
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s ; 3 fe -0 0 G ; : —
=== b) (3 marks) Which species is the sfronger nucleophile in a protic solvent: fluoride, F* or Liodide, I 3’(‘\ 0S
b

2

Explain briefly. Fstranger base fpam I7.w J6.5 L opeores Mu hee
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#7. (/12 marks) Molecules A & B are stereoisomers: /@:CH(CH:;E CH(CH3)2
‘ : CH,CHz (o] CH,CH"™

Cl
llA!’l erll

a) (2 marks) Are A& B aastereomers or enantiomers? How can you tell?

2_ ho‘i* al /3 E;"'ch.e/mb&ﬁ anf mlﬁ‘.f&to\ L) W\‘F\‘?«,\,m:h.&n

b) (3 marks) Draw the chair-chair interconversion (ring-flipping equilibrium) for each molecule.

{5 cach :
B: i ;
2 | 2
f /LC{ S
EP m&‘;;‘z
asre Sm‘l_z Chmm =30l Et C{f\ma"s rAJ oXIm g
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c (2 _@ Circle the more stable chair conformation of each molecule.

D W MWM&@HJ confo. L)' =D max =
d) (5 marks) Which molecule will undergo more rap|d E2 elimination {(under the same condltlons)'? Explain.
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# 8. (__/9marks) Ephedrine is a compound originally found in a Chinese herbal
remedy for asthma that is now marketed as a drug. The stereoisomer shown here is
the one that is active in causing the air passages in the lungs to dilate.

a) (1 mark) How many stereogenic carbons are present in this molecule?

————

Sl ([Edzng{e Hhe N E)

b) (2 marks) mﬁg_mégjggujgls_guan%gmer, and label its stereogenic carbons as Ror S as appropriate.
(» 1 (awy orientation

= PeioriTIES (mo wmorka Bor o)
CH, BN H AN ) H< Flﬂﬁ,\,% < otherex < oH
49 = @ ' © @ o
a2 L OH
R/ 7%,

He Clly ol < NHCH,
3 0]

H
C‘(S)o\s @ 6 @

¢) (2 marks) If the enantiomer shown is described as "levorotatory”, in which direction will its enantiomer
(i.e., the molecule you drew in part (b)) rotate the plane Ef poéarized light? _
u
no Pn.(']"

s i
nierclockbwise Cﬂ:c&rk 4o leve !
ks : CIRCLE ONE: OR counterclockwise > dextro -

A clogtamise
d) (4 marks) Imagine you prepare a sample of synthetic ephedrine in a pharmaceutical lab, and the
compound must contain less than 0.5% of the (+) enantiomer in order to sell it as a drug. If a sample of
pure (-) enantiomer yields a specific rotation of —1 0.0°, and your sample has an optical rotation of
-9.5°, what percentage of the sample is composed of the (+) enantiomer? ls your sample pure enough
to sell? :

pune ) enantiomer © (=100 [ (7, ee. = US” xi00%

35{./1/1/\/[3/{_[ : G( = -q ‘6——0 R]ULD_G O-S—
= 5% e\ () in excess
mea‘hiv\g o W% cet oO.S

qeto qure () €05, F Y
0.8 —>5% racemic = US% () * 157 c+)
ot &) = 9357
(Hy= 1-5°%e

tl

0$

W

2 : o j ( -;;LLM'!‘J':'I
Sa/m,lpkm cam Confin d MAXiImWm B/'F 0.5 Yo (+) Ji:

. «

SO e owet puu omough o seel as @ drug
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(lakels not re wed
#9. (_/12marks) REACTIONS: Predict theproduct for EACH reaction; include stereochemlstgw
(Note: “tead Question # 10 before you start this question).
- Javersieg

5\4‘2‘54 +m(wn b‘i(f{ L

a) (3 marks) Sy2 reacﬂon (Note: if choosing this for Q.# 10, please include the Sn2 transition state) <
CA (;\ ‘\\ - rmm‘cl
CHa et ‘i‘: & tH> (s 2
o et (_i 4 & g A
CHZCI\ : C' L
uiar b & A Y : R)
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'/V/ - nf‘fi‘;ljreneﬂo
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Ay ] {
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: Protongle)
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d) (3 marks) Hydrobromination of an alkene: NARKOVN L0V —mysleny rin UZ Markow regi0 = 0 5

//,.- HBr )Qé Br s /&/\{ Br )Uﬁ%
CH.El, =

racemic
& ()
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#10. (/10 marks) MECHANISMS: For any TWO of the reactions from Question # 9, write complete
step-by-step "arrow-pushing” mechanisms to explain how the predicted major product was formed. For each
of your choices, please write the name of the reaction at the top of the mechanism.

4
p g

backside atiack :
{5 marks) CHOICE #1: @ ‘:;r c‘:— as Nu : :
(i avsws (€6 CH3 = + e
= etvl WrdwS -\ l/' Ci,i .l\.(_‘,{ 5 :
/k;vﬂ Ve | % 3 (Sj
4\\ y i | N e : — Sl
w oM = RS e o= (\J/
v a =y f FhO
i J Fcom0 Me 4
rea C Hcl G4t TouS ~Co anar frogu
o :.: from V((plsuib ettt % Co“i;/(* bad
e . : [V w
o.?_s'w avtw frova boad
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S G \ i
I A i'\,‘ A'ﬂi JA 2 /_\ \_O\Cazw; i :/H
e el w S " t IR eyt
H
S T . o ey > : +
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(f\—vﬁﬁw o f*_l—f}_"_*i_”:; g S
Zaw v 2ol r o
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= e =
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AR e = 17
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WX Has dedropile.  Xc8 & f\\j
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U afrew s :;c}nc:rs‘ %W\ \ : ﬁf{; ﬁww\ wH’fr\ e:ﬁucu? Pmbdkrhh/
s By as Nu : .
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# 11. (__J 8 marks) REACTIONS: Predict th@roduct(s) for each reactlon include stereochemis

Mommoﬂm’f“\ (¥ ¥ d Brd)

a) (2 marks) mﬁlim] re4iocEM - K steceochem
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390 (R (%) rudical inb-
)
\){0/ A,J.'I" "
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# 12. (110 marks) CHOICE OF SYNTHESIS: Provide a 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 solvent type (protic vs. aprotic) and temperature (hot vs. cold).

Yot ot Twg ! . i C
e L e
BT s !
o ol R 1? fagtest Sm2
, g o s
& 32 ﬁ\') i "QH/A Sl HY Ol City
— e > T e
: b 218 CH'}CQ‘LO{:} O\
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B B —oH 4 &

i u
s =
X
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BONUS QUESTION: (_ /5 marks)

Imagine you have prepared a sample of racemic ephedrine (structure given in Question # 8). Describe the
approach you would take to separate the enantiomers from each other. You do not need to provide a specific

resolving agent, but you should describe what type of compound you would use and the explain chemistry
involved in resolving the enantiomers.

Evhedcine  containg an aming
P *
oo A

Thanedow, W is otk bm"? |
con be pw'(’ona.ﬁcl_ by an acid to
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W3/ DI‘MMM
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iy W%{M.

HAVE A GOOD SUMMER! -
AL e AL

;ﬂ_\;(‘{/ Rmf‘t’/\u Hre LLW(SJW\Q lmj “qu*o%vxodfwg 1he @mce bewk
o 'FD{W\ AMINTGS o3 o 2 Beearty f/‘u/ti‘“gc.&ci 2ot enaeing



: PAGE 12
CHEM 221 Winter 2005 Section 02 ID #:
pK, VALUES

Compound pKa
CH3;CH2CH2CH3 >50
CH4 50
H>C=CH> ! 44
RNH> : ~40
NH; : ‘ 36
HC=CH 25
(CH3)sCOH 18
CH5;CH,OH 16
CH5;0OH 15.5
H:O 15.7
RNHa" ' ~10
HCN 9

_OH 47
CH‘SC\\

O
HF 3.2
HNs; 3
CHsCH;OH," -2.4
[CH3CH,OHCH,CHs]" -3.6
H>S04 -5
HCI -7
HI ' -10




