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Instructions.
» Make sure your exam has 12 pages including this cover page and the periodic table.
= Write your name on all pages.
= Write all answers in the space provided.
» You must answer ALL of the first 14 questions. The final question is an optional bonus
question.
« Read guestions carefully before answering.
# Molecular models and calculators are allowed.
= A periodic fable and table of pK, values are provided,
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TABLE OF pKa VALUES

Compound pK.
CHsCH2CH2CHa >51
CHs 51
NH- 38
HCCH 25
(CH3):COH 19
CH,CH;OH 17
CH;OH 15.5
H:O 157
HCN 9

OH 47
CHéq@

O
HF 3.2
HNs 3
CH:CH-OH,+ 24
H.S0, -5.2
HCI -7
HI -9
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#1. (14 MARKS) Circle TRUE or FALSE for the following statements. H-bendina! o Hebic ding
)

2 RGeS L
a) n-Butanol has a lower boiling point than diethyl ether. TRUE@ AN o 7N

¥b) According to IUPAC rules, an alcohol has priority over a halide. (RUEJFALSE
e nerong yes ) for RS pomenclaling ; net
¢) Sterecisomers are molecules th e the same connectivity of atoms, but different 3-dimensicnal
arrangements of these atoms. ALSE

d) If we know the R/S configurations of the stereoccentres in a chiral molecule, we can predict the
direction in which that molecule will rotate plane-polarnzed light. TRU

&) A racemic mixture can be “resclved” into pure enantiomers if we can convert the enantiomers into
diastereomers using a chemical reaction that can later be reversed. FALSE

f) An electron donating substituent on the carbon adjacent to the nitrogen atom increases the basicity
of an amine. FhLSE

g)  Markovnikov's rule is based on the fact that an electrophile will add to a =-bond to yield the more
stable carbocation intermediate. ALSE

h) Inan elimination reaction, the thermodynamically favoured alkene product is known as the Saytzeff
(or Zaitseff) product. (TRUEJFALSE

i)  Polar protic solvents stabilize carbocationic intermediates. TRUEIFALSE

I} Highly polarizable, or "soft”, Lewis bases interact better with pro than with electrophilic carbon
atoms. TRUEA Cplawds b as base. .. o a5 huclegghile

k} Itis easier to deprotonate an sp” hybridized carbon than an sp hybridized carban. TRUE[FALSE)
clecirophile! .
) AICkis a powerful nucleophile. TRUEFALSE

m) A Lewis base can act both as a nucleophile and as a Brensted baALSE
pHu..l

n) When treated with sodium | - -k. in aoetbnglsmuhon a tertiary alkyl halide will react faster than a
primary alkyl halide. TRU

#2. {3 MARKS) Lithium diisopropyl amide [(CH;);CHLN, known as "LDA", is commoniy used as a
base in organic transformations. VWhich of the following reagents could be used to completely
deprotonate diisopropyl amine [(CHa):CH]aMH] in order to prepare this anion?

| LF veAk ' Il CH3CHOLi Il CHyCHyCH-CHoLi
HF I‘Jhnfl-i CHaCHRGH Ftﬁ:l‘f CH yCHy CH CH3 f?h_ﬂ?ﬁi
a) I0l,andil ¢
b) | and Il only _ . L:ml base E’inm r
©  land i only no amine listed HRM NHE s
9  lonly hut NHy pKa=38 . CyCH, CH, CH, 8
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#3. (4 MARKS) 2 4-Pentanedione is considerably more acidic than propanone (acetone). Draw the
structure of the conjugate base of each acid, and account for the greater stability of the conjugate base
of 2 4-pentanedione.

. R
0 D . L., F
i ‘ AN e
I e e N /K‘ {JMAJ& 't"lpbf.,m n
P == ;" T CHy~ S, Shacnen
H3C CH3 x
2-Propanone
pRa = 22
o0 8] [ ""';.' '
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e H’ -’-:D'H a H 8 \Pi Vo e lewe fll""
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#4. (5 MARKS) Imagine that the following carbocation has formed:
Ha H
a) Why is this 5peciels S0 reactive? _— ) Ha G- ®
THE tfi:rhl.',ut':-.~l.oa't|c. Cente 154 f_:A_E* &y with @i egen
valence (Ged m valenteshelt), T is high ehechophulic, HaC CH3

be capse Hae tlu,;;,nat & the raclows hoy not bgep +"“'ti mmp.am;r.,,-icd. h-? ele ci‘m-’lﬁf
b) What will this species do immediately after forming in order to increase its stability? lllustrate
this process with curved arrows representing the movement of electrons, AND explain why this
process increases the stability of the carbocation,

HyC M by " The et ! the € originally besring Hhe &
) """"E- :'_h 3 ; bhoat newy bond to 4 5 hasa

3 \.ﬁ\m CHy ﬁhm&f oW hal a v bond Te 1
H“.F : By Hy Lot edency . The C& (eahe 1S pow the
{L(-’le:f'n}r 3% cavbon. This new Carbstatien
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oS wifp the il pebid, St lited by 3 o ~dowadiag roepd (EbE's).
¢} Mame a type of reaction that involves a carbocation intermediate.
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#5. (3 MARKS) Which reaction in each of the following pairs will take place more rapidiy?

st M g i
a) CH3Br + NHy —= cHEHHa*'_.LEE:JJ {&.y{ir N3 M

CH3Br + H,O—= CHi0H," + Br

m};&:r
ke solicont
CHAOH T Y g ; cudion)
2 (CHg);CBr + CH;,D'L {cﬂﬁw Praker SN ez (Va carbocedion -
(7 0
v HyCCCH;
(CH2)aCBr + CH30" ————m (CH3)sCOCH; + B
apm’n’u
solvent

#6. (12 MARKS) The major product(s) of the following reactions would be:

a) NaMH- e & BrCH,CH3 i ;
e > HC-C=C: N —— 2 5 H (—(SC—ChCH;
. i \
g H. 1 L gy [T
noke s trate 55 :i{ml;;g wasi '
WL

o CH?CHEG:&'{# (:.H'L'EH; ) .
T @H‘ (_animi) Markovnikev addition of Heb
2

cl shrong bulky

) &
K DC{CI—% O Zaitsey Fnduti'
CH; HOCH;CHs ey base i bulky, but H s net femibd

T =
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ﬂiurﬁrﬁi
T SUSNT
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c)




Name: ﬁ%ﬁﬂl " CHEM 221 /2 01

#7. (10 MARKS) Write mechanisms for TWO of the following reactions. Show full, detailed

mechanisms that illustrate step-by-step how the reaction occurs; use curved arrows for “electron
pushing”|inciude the transition state jand all intermediates (show rearrangements where
appropnate), and clearly indicatg the stereochemistry of the products.

OnLT IF RXN i ONE-STEF (o MCEﬁTEﬂ)
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a) An Sy1 substitution:
CHy

From 2 ifher

5 hical
face o ting dghind

b) An E2 elimination: : o—Cts #
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: N\
=
s ~
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c) An electrophilic addition: hydration of an alkene:

HaS04 \\E‘/ cH
\ > (,(\D = (k.= O

§ s o
H e I H :
H - il T i .
t o 1wr;.;c-* £ Qfﬂ* achisal
PRORE 8% !
d) An electrophilic addition: bromination of an alkene:
Etr:
CCly
)1 -F—
™ Bre
Br— Br
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]L ET 'E'T‘}"'“
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] (HE
“Br

Br
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.::nL\j regnined Lo Shew %ma{{fn.z“f e Chamiomn )
#B. (12 MARKS) iEuggast reagents and snhram for each of the following synthetic h'ansfnn'nahcns
Note that these transformations may require more than one step.
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PART B d

#9. (3 MARKS) CIRCLE YOUR CHOICE. The "enol" form of
intramolecular

ok C-H ! % }(Lwa
n} '\-\.}3': .‘?‘, h] H\ C%ulﬁ o

H

Tk c*ﬁ“fc‘d‘ﬂﬁ Y ?ﬂC\qu
HOH H g n
Ho =:, .

o n L L

H.--‘f{/ 3}1

Gl

net C-H.

acetylacetone is stabilized by an

drogen bond. Which of these structures best represents this enol form?

Ef.é/u.kﬂ_\_,a
©H btnded o N, 0 ov Fonly
@' lone .-r‘a.ai( on M D, e =

4 interack Wik Jt K Frora @

#10. (8 MARKS) Draw 3-dimensional representations of the following compounds, showing the

stereochemistry of the stereocenters.

(a) (2R, 4F)-4-hydroxy-2,5-dibromo-2-methylpentanoic acid

CH3 ov
o3 7 Xt e 61
Ho LY o T 1In
™~ aen
o U gandalas
(b) (4E)-(2S, 3R)-3-methoxy-2-methylhex-4-en-1-ol
Cels i
V\A/ OH o, HO
i LT
H  OCH, Tliemftion

-

e did not Cover these Hais ferm .

(W2ces)

i
Br

Y- TOH
HO H cx, B¢

#11. (4 MARKS) CIRCLE ONE. How many optically active daes this substance have?

&huﬂq chival carben
? dowlde bond can hart

nowe 1s MeSo
ekl ehyire|
S ol cF‘ﬁlm\!lﬁ achu-e
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#12. (8 MARKS) Give the IUPAC names for the following compounds, including sterecchemistry.

a) -:E:I HeC CHICH,
n i b) ; £ .H
NGTE j ; CHy HW
e did 2 B Br
Wl covh OH .
: ' 25 35}' z,ﬁ"ﬂrbfﬂw\cffnlﬁfﬁ{.
akepr (25,
'1.-. ("

(3R, 4R)-4-chlore pintyn-3-ol

#13. (8 MARKS TOTAL) Consider the compound in #12(b).
a) (2 marks) Draw and name a diastereomer of this compound. ~ Possi bilities = (’3 £, 35—

":I-'H-:.'n tHzﬂ.Hg {15: Eﬂj"--.

fr WH (gﬁiES}‘Q.?v'd'lbfﬂmui‘?fm‘l'ﬂ..ﬂf
H T

b) (3 marks) Draw a Newman projection that represents the conformaticn shown in #12(b), locking
down the bond between the bromine-subsiiiuted carbon atoms.

CH_.-F CHs
' {H, CH
CHzCHy: H g “\Qz Shh
H Br o Br EI, H From ﬂcJ‘H'
Frown 1€ s
Br %'I.J?C.": C3—=C2

) (3 marks) Is this the most stable conformation for this molecule? Why or why not? Expiain in terms
of electrostatic (i e., gauche vs. eclipsed bonds) and steric interactions.

7{51 ‘H‘tl._j' i5 " Hre mosh Sf’n.ﬂr}\.'.; W’Hfmﬂﬂrhaq. Thae most Sfﬁ-{y&

Cevbormation will be e conformation wiHa The minmun number of

eclipsed bouds and e mimam nwmber of Gauche (werack tons, because

BoTH electrostatic repulsion between boudiag electrons

{Hrsional Sffﬂ;ﬂ) fFND stedic ralp'ul's:'cﬁ bttieen non-H grosps
)i

i be minimized . Shagrd o0 (from @) s therefive the mest stale.

wehe mberpchicey i 3 Gauche iaterachions f m
@.. é;; ! } oloke CH3y Note: ol il’ﬁhhhq

- CH
II'. 1 3 .
CHyCH H ntle oM ‘g W o fe: .
7~ 120° ko N 'i'w") B & eclipsed ﬁlr.’\h}i
B 2 H bt 4 fisenal
‘ y, O H I ik E't\h ‘ Sham o t':.-{h
RO H ©) lews sheids -
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#14. (18 MARKS TOTAL) The questions on this page deal with the following substituted cyclohexane:

a) (4 marks) WhattstheritPAS-Rame-of-this compoumo-fmeheding -sterecchamista)? %Ha e
foo nuch Sher2odam - begend Scope Hais deven (ILe0s) : e
nl_r'lr:.tﬂﬁ.l C-'-;“ J}n,-m{)— 1-brgivio- L3 5~ 1r4m{m\i|cqflm.h“ "
b) (1 mark) Is this compound chiral? Circle one: YES / ‘
¢) (2 marks) If you think it is chiral: draw its enantiomer. HaC ""‘ 5
If you think it is achiral: what makes it achiral? -

Plase of *'Qfmm%h? dewn CH3—C = C-@r (shown og "d‘ﬁ}

c) (1 mark) Is this compound optically active? Circle one: YES .ﬂ Siace achiral

d) (2 marks) Pick the solvent in which you expect this compound to be most soluble: o i
(i) ethanol (i) hexane (@) THF ol o o
very F*.Jfa " Ao Fal!a r F

nversion of the two chair mnfunna'g’runs for this substituted cyclohexane.

~ He

@ Gy ’ "'icl' CHy @

f) (2 marks) Circle the prefamred conformation from part (g). Why is that conformation is more stable?
This rs Morg cfadls  becausy more SLLLL‘HM& and in {E_qub:':'cxf Pn'\.‘ihb‘ﬂ&'

- 1,3 diaxiad interactions ane minimized (only Hne 1 axial rathyf
€ i B LS t;}'f‘-iﬂ){ipj'. shevic I"Fl‘f-f{“'{’t"'f"‘i'_, tevpnaed e bofle CHs + the ﬁr).

— £x

NOT a) {5 marks) This mr%pcrund can unde[gg an E2 elimination if it is heated in a solution containing
KOH. Which conformation is the one that participates in this reaction? Why? You may wish to support

TRUE

your argument with Newman projections and a discussion of the orbitals involved in the reaction.

To undevgo EZ el nod ron ¢ r%'m o i Barmmatiyasy o WIEN. A
I-"I.Ljd,i"!h}tv\ m a pcatbon cam be onemted awti-periplanar with rrsped-#u
Mo Br. That allows the CH bonding pair v alfack e C-Br G mbr'wfhafky'de}
'?MISI we Luoculd rEgGL,_.me e Br o be HMMJ ariel % l‘fjfl"“fj“' th cwn

aﬂ]a%Jr carbon to be axiad oo well, In Confy @? Lobuang o .Er iy
ax;o-ﬁ, W an sgp Haal Hhaeae oal mnly M-ﬁhﬁg i dyied gu.;agj-hm

n Y [l,-urhc',-.s, For '_ﬁ"“s i s Gempeund (ﬁMﬂG‘T’umdzr‘i:}o

E2 eliminadion. FAny elinmiaatumn product Sean atter im,-.,bm.s g

r_mwlpcmd o soludion (oo wﬁ Kot would Hhewbre howe formad
via o Ef wichamicm (reasonafdle swce har @ 2° Br..o.),
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OPTIONAL BONUS QUESTION (8 marks)

Chemists in the pharmaceutical (drug/medicine} industry have targeted molecules that mimic the action
of amino acids as being important to prepare. The preparation of one such compound was reparted
recently (Tetrahedron Ler. 1997, 37, 6483). Following the implications for bonding changes of the
curved-arrow convention, draw the single intermediate structure that follows from the starting
compound, and then add the set of arrows to the struclure you have drawn thal would explain the

formation of the next intermediate, as shown,

Draw: the struciu r’éqmplind by the curved arrows AND
the curved arrows needed 1o transfoem it to the next
P e e

SIructine.

'y

B1: Draw the structure and 'armow pushing’ steps as indicated in the box.

B2: How many chiral carbons are there in the final product?
2

B3: Circle the functional groups in the final product that would be protonated in acidic solution.

G; -_..’b?} is e mozl basic abpas Ffml-'"*

=D ~—OH [pka ~i3)

@ ___.,’jga s naxt = -'—Eliﬂla {th””}-}

H

NeTE: would have Te beceme sI0 ma}il.
b -H’\‘L Q-é:*."?-«'f “C"G"R Y W
[ . T%P'

and the carbosgl ZCTEF oXggems

acid (pi < V) o prtonate

pla, Wil gt

noTe 1MM@

ch bearlet i
LLEIJ::E‘IE -?JUW/ -E?

1L HAPPY HOLIDAYS! 1
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