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1. The structure of heroin, a simple derivative of morphine, is shown below. Identify (draw a circle
around it) and name the five (5) distinct functional groups present. [5 MARKS]

A

3 3 Py
o ?%“%%’%h’;a i

2. For the reactions shown below, draw the structure of the expected product. [§ MARKS]
N
(a) | (41
V hv o
_.___I_B_____> ? (major substitution product) \/<\
l’2 / "
Na® OCH, - CHyCH,~ O CHA
(b) CH3CH,—Br > 7 (substitution product) * NaBr
 JH
CHs | g‘f N, —Br
HBr 7
(c) CH, —————> 7 (major addition product)
peroxides :
(d) E%CHz + :?I’- B — ? (product is a 30 l’adical)
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3.

Circle one (1) of the structures below that is not a resonance structure of the above
structure shown in the box. If you circle more than one, yoy will not receive any marks.
[3 MARKS]

+

4. Circle and identify the STRONGEST acid and the WEAKEST acid from the list below.

[2 MARKS]
N WEAKEST
N
HC=CH &330/) H,C=—CH, NH3 “w CH;0CH,3
STRONGEST
5. Draw THREE (3) valid and distinct resonance structures for the amide shown below (not counting

the structure already shown). Show all non-bonding electrons and all non-zero formal charges.
You do not have to show “movement” of electrons to generate the resonance structures.

8 MARKS
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6. Using curved arrow notation, show the required electron flow(s) for each step of the reactions
below. [6 MARKS] :

(@) ‘O 1 :O:
E v o e MG gon
o ANGCH, T+ J) i
U / :OCH;
RN%WM,M‘E "
TN

H H ',5.’ " H g H :Cl: Cl
N HVC D O

7. Provide an acceptable IUPAC name for the compound shown below.
[3 MARKS]

%

8. Draw the correct structure for 1-bromo-4-isopropylbicyclo[2.2.2]octane.
[3 MARKS]
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9. Draw the two distinet chair conformations of cis-1-fert-butyl-3-methylcyclohexane and identify and
explain which chair conformation is more stable. [6 MARKS]

, > STk
, [ ]
have | ;w%m:* Al ndecbims no 5;2}“‘“5?%%&5%%5 wnferactions

10.  Draw 2-methylbutane [(CH;),CHCH,CHj3)] in its (a) most stable, and (b) least stable staggered
conformations using Newman projections, viewing down the C2-C3 bond axis. [6 MARKS]

(NOTE: You need to draw TWO (2) Newman projections to get full marks, one being the most
stable, and the other being the least stable staggered conformation. You do not need to show how
one is converted to the other)

CH,
view from this end of molecule; -

front carbon of Newman [:> CHgméH“‘CHZCH3

projection is labelled C2

most Stable {fm"%” Stable Si@f@f*‘%‘i
AT ' T A

END
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1. The compound shown below is related to an early anti-AIDS drug. Identify (draw a circle around it)
and name five (5) functional groups present (avoiding repeats; that is, uniquely different functional
groups only). [5 MARKS] :

W%% F— “ﬁ‘%"é &
5 xﬁ% e gff" \\\
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2. For the reactions shown below, draw the structure(s) of the expected product(s). Where atoms have
net formal charge, show them.
[8 MARKS]
(a) oH
// 2
HZC\C/ 2 Pt
Hy
(b) ’
2 %, .
CH TN
o C~c?72  Her (7 Ter
2 I = ? N
\c—CH; peroxides A
Hy
Br
() \
CH—CH,
CHCHy  py 2 ?
——— ?(CeHeB) . D |
Br2 ] ~
-
@ . ;,:3 - 5 3
© O'o !,2:;:5 .
/U\ + BF3 ——— ? (hint. Lewis acid-base rx) 5;«%

ch CH3 %} s S Qi"’%
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3. Draw TWO valid resonance (Lewis) structures for CH;CO,CH3 (an ester) that obey the octet rule

where possible. Show all the required bonds, valence electrons, including non-bonding electrons.
Show the formal charge on all atoms where it is not zero.

[6 MARKS] R se —
# 4 w{:‘}; zg":‘}j
I (NI
CH. Lo~ CH
Crly = C~5 - CHs e e IR e

{i&m}/ é‘”w{} Sryuchure %7

Using curved arrow notation, show the electron flow for the forward and reverse steps in the acid-

base reaction below. Label the acid and base in the starting materials (left hand side).
[6 MARKS]

o w7
o @fﬁ}; ﬁ ‘.‘?% / -'?i/@
L1 4 M
H——-(') H + CH;— C—CH; H——*E):—""H *  CH;— C—CH;
H

5. Provide acceptable names (IUPAC rules) for each compound shown below.
[6 MARKS]

(a) o
2% 4 - Bromo- 2

-

(b)
H. CH;

| i :
>©< ‘a1, 2 - si?igkfm%%}g%{;\ffé% ?ﬁﬂéﬁi’m@

H3C H
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6. Draw the correct structure for 2-chlorobicyclo[3.2.0]heptane.
[3 MARKS]

7. Consider 1-bromopropane (structure shown below). Sighting along the C1-C2 bdnd, draw the
Newman projection of the MOST STABLE conformation. You must use the template provided.
You cannot delete any item already on the template. However, you may need to add missing bonds

and atoms.
[4 MARKS]
3 2 1
CH;—CH,—CH,—Br {—==. direction of sight
Br
H H
H ~H
CH,
8. For the substituted cyclohexane molecule shown below, draw its ring-flipped conformer

(i.e., the other chair conformation), making sure you draw in all the ring substituents shown in the
first structure. Of the two conformations, circle the more stable conformation. Explain briefly why
the one you have circled is the more stable conformation.

[6 MARKS] T ﬁ?@w q Wﬁ%%} %{Aﬁ% ve
kw,zm%mwx CH C‘r@% f Ot §g§,§§ J Wes %{ 152

o 3?@:&{%
13- dh Ms&

g wfma Lns
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9. For the compounds below, identify the ¢yclic compound with the highest ring (angle) strain and the

cyclic compound with the lowest ring (angle) strain.
[3 MARKS]

N
hgm ¢ lowest

10.  Draw trans-1,3-dimethylcyclohexane in any chair conformation. Show all the hydrogen atoms that
are attached to the cyclohexane ring using well-drawn carbon-hydrogen (C-H) bonds.
[3 MARKS]

END



