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QUESTION 1 [4 marks]

Provide IUPAC names for the following compounds and, where applicable, include R/S or E/Z
designation to indicate stereochemistry. (1 mark each)

a)
4,7-diethyl-2,2,8,9-tetramethyldecane

b)

w (2R,6R)-6-bromoheptan-2-ol
d)

Z (Z)-8-methylnon-2-en-5-yne

=

e)

1-chloro-2-ethyl-4-methylbenzene



QUESTION 2 [4 marks]

Provide the bond-line structures for each of the following names: (1 mark each)

a)
(S)-pentan-2-ol OH
NN
b)
2-fluoro-3,3-dimethylhex-1-ene %(\/
c)
2-vinylcyclopentyl alcohol OH
I
d)

2,4,6-trinitrotoluene 9
N

@)
I+ ’I\Il+
-O/ j@/ \O_
NX
O "0



QUESTION 3 [5 marks]

i) The pK, of 1,1,1-trifluoroethane (CH3;CF3) is 32; whereas, the pK, of ethane is 50. Explain
the factor that contributes to the lowering of the pKa of 1,1,1-trifluoroethane. (1 mark)

The negative charge on the carbon of the conjugate
base of CH3;CF; is inductively stabilized by the
electron-withdrawing —CF; substituent

4
H S)
H3C_CF3 — H29_CF3

ii) Considering the following reaction between sodium amide (NaNHz) and acetylene (C2H>),
(* pKa of NH3 = 38; pK, of C2H2 = 25; pK, of ethanol = 18; pK, of water = 15.7)

Na® @3

H-C=C-H + NaNH, C=C—-H +  NHj

a) The choice of solvent is critical. For instance, the solvent cannot be water. Why? (1 mark)

Because water, a better acid than acetylene, will instead react with NaNH,

b) Would the reaction provide the same product(s) if we use sodium ethoxide in place of
sodium amide? Explain your reason using the given pKa values. (2 mark)

The equilibrium of acid-base reactions always favours the direction that
leads to a WEAKER ACID (or base). For this reason, sodium ethoxide
cannot be an alternative choice to sodium amide

H-C=C-H + NaNH, Na® ©:c=c—H + NH;
pKa =25 pKa = 38

H-C=C—H  + NaOCH,CH; <———— Na®2:c=C-H  + CH3CH,OH

oKa = 25 pKa =18

iii) In general, the nucleophilicity of an atom parallels the basicity of the atom; if the atom is
highly basic, it is also a good nucleophile. This statement, however, cannot be applied when looking
at halides. For instance, iodide (I-) is a very weak base but is a strong nucleophile. Why? Provide
your answer in no more than two sentences (1 mark)

Although iodide is a weak base, it is a strong nucleophile due to its
high polarizability



QUESTION 4 [4 marks]

1) List the following alkanes in order of increasing boiling point. (1 mark)

CH3(CH)4CHs (CH3).CHCH(CH3)- CH3CH,CH(CH3)CH.CH3
A B C

B |<|] C |<| A

Low High
ii) Which compound in each pair has the higher boiling point? Circle the compound of your
choice. (1 mark)
a) (CH3)3CBF or CH3CH:CH;CH;Br
b) CH3CH2CH20CH2CH3 or CH3CH2CH20H
iii) Provide the most and the least stable Newman projections of butane along its C2-C3 bond.
(2 marks)
Most stable Least stable
CHj3 HsC
H H CHs
H H
CHj H H™H
H




QUESTION 5 [8 marks]

i) Aspartame, whose structure is drawn below, is an artificial sweetener. a) Indicate all
carbon stereocentres (also known as chiral centres) by putting an asterisk (*) next to each
stereocentre. b) For those chiral centres you determined from Part a), assign its (or their) R/S

configuration. [1 mark for a), 2 marks for b)]
O
HO S O
N (S) ~
O NH, H O
Aspartame
ii) For each of the following pairs of structures, give the stereochemical relationship either as
identical, consititutional isomers, enantiomers and/or diastereomers.
(1 mark each)
a) COOH H,N H
i and P
HaC/KH e HOOC CHs Identical
b) OH
and z
OH Constitutional Isomers
c) CHj CHj
H——OH HO—r—H _
and Identical
H——OH HO——H (meso compound)
CH3 CH3
d) CHs
M and Br\%F\CHs Enantiomers
Br F
e)
CO,H COH .
and - Diastereomers

NH, NH;



QUESTION 6 [6 marks]

i) For each of the following molecules below, provide all possible resonance structures.
(2 marks each)

a)
/\ - -~
/\/\/\@ NJ\(JB/\ -~ @\@/\/\ G e S
b)

S~ — 0

radical

ii) Explain the following observation: cycloheptatrienenyl bromide (compound A) undergoes
solvolysis in H20 nearly 1000 times faster than the analogous 1-bromocycloheptane (compound B).

(2 marks)
compound A @Br Hz0 OOH
ki kq>>>>k,
(1000 times)
H,O
compound B OBF ko OOH

*obeys the Huckel's rule

B —
compound A @—Br — || 9 OOH
—

This cation is stabilized by
aromaticity (electron
delocalization via resonance)

©
_Br . ,
compound B Br —_— OH

2° alkyl carbocation, which is stabilized by
inductive effect through hyperconjugation

since the aromaticity (or resonance) can better stabilize the carbocation, the solvolysis of compound A will
proceed faster



QUESTION 7 [21 marks]

i) Each of the following statements below is written in reference to reactions (Sn1, Snv2, E1 and
E2) of alkyl halides. Circle the mechanistic symbol(s) [no more than two], that is (or are) most
consistent with each statement: (0.5 mark each, 3 marks)

a) involves carbocation intermediate Sn1 Sn2 E1l E2
b) is first order in alkyl halide and first Sl Sn2 E1l E2
order in nucleophile
) involves complete inversion of Sn1 Sn2 E1l E2
configuration at the site of the
substitution
d) substitution at the chiral centre gives Sn1 Sn2 E1l E2

predominantly a racemic mixture

e) rearrangements are common Snl Sn2 E1l E2

f) order of reactivity for alkyl halide Sn1 Sn2 E1l E2
follows 30 > 20 > 1o

ii) Treatment of the following stereoisomer, 1-bromo-2,3-diphenylpropane, with sodium
ethoxide in ethanol gives stereoisomer of 1,2-diphenylpropene. a) Predict whether the product is a
Z or Eisomer. b) Show the complete mechanism for the product formation.

(1 mark for a), 2 marks for b))
HsC

H
\ 2»CsHs CH5CH,ONa L
H' (CeHs)(H3C)C—CH(CgHs)
Ethanol

C6H5 Br

the anti-coplanar
/\O arrangement to

@m be met

H
N} .CeHs CH;CH,0ONa CeHs H
CeHxg'7 ):< trans-product
Looking/H/Z Q E2 H5;C CgHs

from here Br

l rotate to allow

— + NaBr
newman projection

Same side H

(‘ H CGHD Same side
CeHs CHs

6
Br




iii) Write out the reaction mechanism for the product(s) formed when (R)-3-methylhexan-3-ol
reacts with HCl. What is the rate determining step? Would doubling the concentration of HCI affect
the rate of the reaction? (3 marks)
HCI Doubling concentration would NOT affect the rate of
reaction since the reaction is unimolecular (the first
HyC OH order to [alkyl halide] only)
@ : -------------------------------------- 1
) - -H,0 DN
' Cl ! /W é /—;\_m@ w
HyC OH | HC O s HyC Gl
3~ 5 _ ' 3 CH ! 3
H-CI ' ® 3 '
S AE ! H Trional ol : +
39 alcohol ; rigonal planar
I 3° carbocation ! /Y\/
S formed ) Gl CHy
Rate-determining Step Racemic mixture
iv) Circle one mechanism that is most consistent with the given conditions and draw the major
product for each of the following reactions. (2 marks each, 8 marks total)
a) _ CH5OH OCH,
\(\ X svi| s\2 E1 E2
Cl
b) both products are possible
© Sn1] Sx2 ]| E1  E2
)\( ‘CEN: )\K NC)‘\(
+
Br CN H
pKa of HCN = 9.2 for Sp2 for Sy1

Weak nucleophile/base
Substitution is favoured for 2° alkyl halide

c)
2 equivalents
(CH3);COK
DMSO

Cl Ci

d)
F 1 equivalent
(CH3CH2)2CU Li
Ether
Br

Sn1 S22 E1] E2

Sn1| Ss2| E1 E2

TR
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V) a) Draw the two chair conformations of the following trans-1-chloro-2-methylcyclohexane.
b) Indicate which one of the two conformers is more stable? c) Which one of the two conformers

will undergo a faster E2 reaction using sodium hydroxide as base?
(2 marks for a), 1 mark for b), 1 mark for c))

Cl

: anti-coplanar H

o %

more stable

OoH" OoH"

No reaction

HaC H
[~ =
CHs
H4C

o - O

+ Hy0

QUESTION 8 [2 marks]

Determine if cycloheptatriene is aromatic or not. Explain.

Cycloheptatriene is NOT aromatic
@ Reason — Not all carbons in the ring have available

T free p-orbitals to delocalize pi-electrons

This carbon is sp3-hybridized
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QUESTION 9 [5 marks]

Using the same starting material, two synthetic routes were explored:

Br.
Route 1
% Product 1
Br
Route 2
Product 2
i) Indicate the reagents required in each of route 1 and route 2. (2 marks)
Route 1: NBS and one of hv or ROOR
Route 2: HBr and one of heat, hv or ROOR
ii) Using curved-arrow, provide the complete mechanism to show the formation of product 2.
(3 marks)
Initiation
heat or hv .
RO)(E)R — = > 2RO
/‘\
RO U—Br ROH + Br-
Propagation
Br
/’ Stable 3° radical
Br- > * Regioselectivity determining step

Br

Br
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QUESTION 10 [9 marks]

i) Show the mechanism for the formation of the racemic products when propene gas is passed
through an aqueous solution containing Br». (2 marks)

more substituted

carbon attacked % o

b t 7N . iy ~
y water \{_\H H NN : Br : \-/\Br + HBr

® z Br 7_' 5
B OH
Br r HO‘\ (R)-1-bromopropan-2-ol
Vs
H
r HO‘\

(S)-1-bromopropan-2-ol

anti-addition!

Lt

ii) When 3,3-dimethyl-but-1-ene is treated with water in the presence of a catalytic amount of
H>S04, the reaction results in the production of 2,3-dimethyl-butan-2-ol. Draw the mechanism to
account for this observation. (3 marks)

/X H2804
H,O

2° carbocation 3° carbocation

S N+ JW@//\ . <3

Markovnikov Addition 1,2-methyl shift
i ./O\
deprotonation ‘ H H
H,0* + H\)\ﬁOH
regenerated
2,3-dimethylbutan-2-ol
iii) Rank the following dienes in order of increasing heat of hydrogenation.
: : : : : : (2 marks)
A B C

Low High
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iv) The following alkene undergoes a regioselective addition with HBr. Provide the structure of
the only product formed and explain your answer. (2 marks)

HBr

_ Major Pathway (due to resonance stabilization)
/’ H \Er ) ® /—\. Br@ Br
-Br D B

ocH,  —— |y QocH —— ROCH; | — /\)\ocm
H H .

H
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QUESTION 11 [11 marks]

i) Provide the structure of product(s) for the reaction of 2-methyl-2-butene with each given
reagent. (1 mark each, 4 marks total)

HBr, low temp. Br

H,/Pt

o,

HBr
dimethyl peroxide

X

i)O @)
i) O3 /LO . \\‘H/

ii) Zn/H,0

ii) When allylic alcohol A was treated with HCI, the reaction resulted in an allylic chloride, B.
Draw a plausible mechanism that illustrates the formation of product B. (2 marks)
Cl
HCI . H,0
OH
A B

_C|‘ -Hzo .
®H ® .
~OH Ney N

HZCI ' resonance
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iii) Which of the two routes would provide the desired alkyne product? Explain your answer.
(2 marks)
Route 1 Route 2
1) NaNH; | 1) NaNH, |
HC—— HC—— |

Answer : Route 2
Route 1 results in the E2 elimination of 3° alkyl iodide because of acetylide ion being a strong

base
ex)
< ~ — =
H3C—:C:/\Hb—1—l — L< +  HC—=CH

iv) Provide the structures of compounds B - G in the following reaction scheme.
(0.5 mark each, 3 marks total)

B 3 NaNH : :
ro c 2 D CHasl — cH,
NH5

(CH3)sCOK 0, Na
5 Zn, H,0 NH3 )
;

> i—»m

Fand G E
Structure B: Structure C: Br
O/\ O)\/Br
Structure D: _C" Structure E:
C” o g—/

Structure F: HO Structure G:
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QUESTION 12 [7 marks]

i) Provide a mechanism, showing all of resonance stabilized arenenium ion (also known as
o-complex/cyclohexadienyl) intermediates, for the formation of the following para-isomer product.
(3 marks)

o) o)
)L-. NH )JT_NH
HNO;
H,S0,

H®,
lcl) ,H/\..O..G'),O . /\Q—;@//O 9 o
HO-$-0) + WONC T HON + HO-$-0
| >

Step 2 - Attack by pi-electrons of benzene
0]

)J?NH )(i-,NH

o
0 0
)L..NH )J\NH
- <
= O 0 —0—0
0=N=0
ON,

® ON. ON.
60 V%o i 00" 0 00" 0 00" 0 |

Resonance Structures
Step 3 - Elimination to restore aromaticity

O O

)J\-,NH )%NH
y ol
H H H

ON <

00”0 00" 0
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ii) Show a mechanism for the following reaction. (2 marks)

Step 1 - alky! halide activation

H
o = O
y AICI, ~ © + :CI—AICl
Cl: @CI—AICI3 o

J 1,2-hydride shift

Step 2 - Attack by pi-electrons of benzene

.. © e I
:ClAICl; — CI~ + AICl, !

regenerated
4\ +Cl +HCI
iii) Draw the major product(s) expected from each of the following reactions. (2 marks total)
a)
o) N Q
Nsg H,S0, s
Ho H
Heat
SOzH
a)

H3C\ O_CH3 Br2 H3C\ O_CH3
O —_— O
::> \<O FeBrs 'e)
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QUESTION 13 [6 marks]

Instruction - Four synthesis questions are given below. Select TWO questions of your choice by
putting \/ inside the box next to the reaction equation. For each question chosen, devise a synthesis

of the final product from the given starting material by using any necessary reagent. Mechanisms
are not required.

Synthesis 1) g\

Cl
Synthesis 2) \)
=
— 7 [_]
Synthesis 3) OH
D — D= O
Synthesis 4)
Br BE
4 S A
Br Br
Continues onto the next page.
Synthesis 1
Br
Cly ~c /@A NBS /©)\
FeCl, AICl, cl hv Cl
o] N +
: NaOCH,CH;
/D ; CH,CH;OH
e | or
! ortho-isomer any strong base
_________________ N

Cl



Synthesis 2

P Br, 2 NaNH,

Lindlar's, Hy
——- > — / K\
z NH 2

Synthesis 3

OH
Br,, hv NaOEt Br,, H,0
EtOH
— —_—
e allgr
racemic
Synthesis 4
H
c:|:J angstr NaNF 2 '
awH2 CH4Br Lindlar’s catalyst
—_ — — - —_— - e
- \ — \ -
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