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INSTRUCTIONS: This test paper includes 7 pages, 12 questions and a periodic table; check that your paper is
complete.  Answer all questions inside the boxes provided (except questions 11b & 12); information written
elsewhere will not be marked. Model kits are allowed  GOOD LUCK!

#1. (2 Marks) What is the expected hybridization for each of the indicated atoms in this molecule?
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#2. (2Marks) Rank the bonds in terms of kength for this molecule. D E sherbast
@ longest D= B = A = C > E shortest ANSWER: H\' l 1

@hngesl E>C>A> B> D shortesty

longest A = B> D> C > E shortest _T
longest E>C>D>B>A shortestx | | € (notA) || H E J‘ \ o 3
¢) longest A>D>B>E>CshotestX L———— x ‘ B s
Of the single bonds: bond with highest s-character is shortest Lk B 151 2 st L
& Spsp meS
#3. (2 Marks) The molecule shown here is - 5= d-[:ﬂu*-ﬂ' i, -
oxybutynin, an anticholinergic compound. Which  gl.,.., | pleeks
choice represents the list of functional group classes oH e
in I:I_H.'_l.ll:lm}.ﬂjn? { :._,.,_;-L Fannng
(o D O GH;--‘M*—EH;‘@-GH;CHE
ax p'h:h:.ri rings, an aminge, an ester, an afkyne, a HzG”  “CHy CHyCH

nitrile — L3a (vt frescnt) i
b)%a nitrile, a ketone, an alcohol, a phenyl ring, an :-ﬂ-.,,c,,-CH;r ANSWER:
amine Ha
an alkyne. an ester, a phenyl ring. an amine, an C
aleohol
dy®an acid, an alcohol, a pitrile, an alkyne, 2 phenyl rings
¢) aphenyl ring, an amine, an alkyne, a ketone, an ether ¢
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(2 Marks) How many sagn;rﬂ_a/g?[?] cmbnns are prcscnt in this structure?
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# 5. (4 Marks) Draw g_mﬂum{;um._sjbr the following compounds:
=k aleta

a)

N-methyl-1,3-dichloro-6-ethyl-2-octamine

NH
&L
cd

b)

frans-1-bromo-3-( 1-methylethyl}cyclohexane
Note: could
instead have B
Br down &
isopropyl up
(absolute
configuration
not specified!)

i
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# 6. (4 Marks) Provide systematic [UPAC names for the following compounds:

a)

-ttty (ra frg:a" q-r"': W |
{ 2 3 o, nlne
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b)

Cl

Cl

cis—1, 3- dichlovs -:'..]|E|.'l:'|l(m e
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# 7. (6 Marks) Therc are many constitutional (structural) isomers with the molecular formula CsHg O,
a) In each box, draw one 1somer that meets the criteria listed in that box (there are a number of correct
possibilities). All atoms should be closed shell (full valenge) and uncharged. Te: 1o fuemal 2l e et adl ]

ISOMER A: one 3-atom ring; both | | ISOMER B: one 3-atlomring-a | | ISOMER G- ome 3-atorm fing;
oxygen atoms are part of the ring single oxygen atom is pan of the oxygen aloms are not par of the
of atoms ring of atoms ring of atoms

.-.'._ "--. ..' *1 H\_‘HE-’
D=0 /O\ k. \ )
N/ wy of
& H__{:'_C.-ﬂ"ig_H HG'«L{-_’__——-f:f""
be” NCH { CH / k.
3 o H 3 H
least pelan Mgt pelan
e . s oo
b) Based on the structures of the molecules, vou e —— :
should be able to confidently predict one Hwill identify the:  (circie one)
of these isomers as being either the most or most soluble in water,  lsast soluble in water
the least soluble in water. Choose which (o st ?"["-'il-———') (least polas
one you are going to identify, then explain : = S
vl Feasoniag: Circle which isomeritis: A B8 @

_Exphnmlm {include sketches of m;vant intermolecular interactions): ) J
i . ; ! ’-F i K5 5 11; e 2
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and “H{ bond  dower” ( by “devod [nﬁ“ dt H) medes. Thus Here vl
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i ' . qulﬁum! I spmwaer B Caw also form H—hiﬁ‘f{s{ but
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# 8. a) (3 Marks) There are three other significant resonance ibutors for molecule "X shown below.
Draw them in the boxes provided. You do not need to draw the PFs™ anion.

llxll T I'n H ' Ib |i-{ xc I1.'4
N¥7 ot > Lo o I
" ‘"“T"” ey | HOEN TS H'.’.“*-c 2§ et W fﬂxcg" ~cHs
||"||:} - - l. - I -l j -
H @™ H B oM H’:H\H
H
PFS H

b) (3 Marks) Rank the four structures X, Xa, X,

and X according to how much they contribute to the real

structure of the molecule. Give a reason why the most important contributor is so stable, and why the

least important contributor is so unstable.

Least important

Most important
X = Xa > X, 1 Y e
SmT-: '-mai:E.o] ,:tmniﬂ.\,_,d A2 eSS
Ce tdeatieal Tin e {stednlit
Why so stable? b | vy Whiyso u -
vall atms have £l yr:g,'thl.ﬂlf ; o pahon has 'T"ﬂ
* Poschive formal chomz 1T on N il £es ouly
H.H\.ﬂ- ﬁ‘-‘-‘q‘“_ EI pitueda 3 J-:h.ﬂ'{f ” 5 L it e
Electyene -rj.ﬂl_‘rt'vf A T !l]l.—k', M .
Cavry (o pair than N M At shuation

¢) (2 Marks) Considering these resonance contributors, how do you think the molecule "really” looks? In
the box on the left, the connectivity in molecule "X" is indicated by dotted lines. Your task is to represent
the 3-dimensional (3-D) representation of structure of "X" by writing over the dotted-lines: use lines,
dashes and wedges to indicate spatial orientation with respect to the page. Deseribe this 3-I structure

by filling in the blanks in the other box (vou can number the atoms in the strueture for elarity).

How | think "X" looks in 3-D: (Geomery These bond will NOT rotate freely:
- s Gt g N-C, N-C, (-0 (bend order Y1)
H jgn' These atoms will be in the same plane: ? ! .
'L o PFg HaN,  HaW, & o, L bt NET $he CHyF H ofoms.
H"' B i M“'GH._,I The reason for this is:
? « delocall 2w of - ehechroay oty
-"N"‘H M\lﬂ'-i‘{nm\a] F'E'rqf_-n-.-j-a‘g fﬂf’r!,n,aﬂ.f?{j Tl'“ﬁ.w.lr':jt'l'l‘l.}
H H o F retndion 'n-rl;q,u‘\?.-:lr cwvelfla l-i-"}'EJ\'é‘H
B - | iy : e | Kegurres
1 ottty would ke baaten! keg
all ploman Bku,fd‘ CHs ‘Lf‘.'%h sk ol
Shppld havt -:Jiu‘mu"r\ 3
-—-—-.C_""H et Hapte i fze relodien ghowt . le . Hae ety
[H.'H Her 0= howd, S0 gn avirage nbmnd 'd Rrews
H R C-H boads are coplavi with, 0-C bond spinsl
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#9. (/4 Marks) CIRCLE YOUR CHOICE. The three staggered forms of 1,2-propanediol are
represented here as Newman projections. Taking into account both steric and electrostaic interactions between

51 hr.n!u;m rank the confiormers according 1o their relative stability.
l’\ﬁt - TR raskecudar W-be ﬂdﬁh ._I'H:r.:-”
a}{msn stable MI<I<I feststable fom, 7/ q o
by most stable I <I<1I least stable H oH/ CH, H
most stable <M <1 least stable H g -— H K
most stable 1<101< Il least stable CH, OH
e) most stable I<II<IIl least stable Qe File . "o He-bonal
s :‘er-n[ilr,-ft : i'i-‘-:lp-li;:

i

#10. {___ /3 Marks) CIRCLE YOUR CHOICE. Which structure represents the most stable chair

conformation of truns-1 -1sopropyl-3-methyleyclohexang?

CH{CHy): iﬁ*ﬂh 4

a) 1X (s cy “Cra ‘

h} 2 'I]'#L-n,-l CHICH GH.’E” : [ﬁ!""‘ﬁl

g) 3X LIS j'f'j‘ '{; i I gl batitine ok

@ 'EMU El'f} 'E- Hy E'I: i ™ %1-.:," e
! 2 ?:L:“W
#11. (/5 Marks) The structure of glucose includes a six-membered ring.  HO CHLOH
The relalive orientalions ol the ring’s substiluents has nol been shown in the
drawing here, but the information in part (a) will allow you to figure it out.
HO OH

a) Inthe most stable conformation of glucose, the molecule adopts a chair
conformation where all the substituents are equatorial. Draw this conformation (A),
and show what the molecule would look like in the "flipped” chair conformation (B).

OH

MORE STABLE CHAIR: A oll Suelwial

;;'.-I'f'l;
Ha OH
HoOH N\ ol

H

)

LESS STABLE CHAIR: B gl| sxial

b} Draw a planar representation of glucose (like that shown at the top of the question) that shows the

dashes and wedpes needed to illustrate the relative orientation of the substituents,
(H2 OH

HG..I";l
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# 12. (__/8Marks) You are asked to prepare 2-bromo-2-methylpropane, starting with an alkane precursor.

a) What reagents and reaction conditions (e.g.. hot/cold, light/dark, relative amounts of reagents; we'll learn
about solvents later) would you choose? Write a reaction equation that describes your choices.

5 N G L T A o

gyiress alkave “;Mf Fﬂ lcks

hmethy progene or could use Be, /heect
with edcess alvavnd
b) Would a significant amount of undesired products also form? Explain, and identify any undesired

products you are talking about and how they would form. i , _
In 2= mathyl pogane cewlaing | F Hand T 1° HS. Bamme mdicals

are Wally Selective for 3% H atows, So they will preferentialiy
&-ﬁi-rn:} o 3 H 4 forwm Hu deaived p:'a:LMut“ Howewel, bzcause
Haw ae T 1°HY, shdichally speaking T 15 chill probable that

’ - y M
L T . 'i'l‘;: - brewieo -2 m{-""'ﬂﬂpﬁpﬁﬂi it Ll ‘FDI'}"-"l. H.E'u..ﬁ*’l.n fie

s couall sy ACEE el b to ol ok rf; i H fecause of +iw inhianf
.!q

it 5 mugh mode : o b
inthoilihy & [° mdicals, and Brean § €XIca J*’;ﬁ e e A b A
(1L LaNri I - JupAc ;
wob reachice twsugh b de it Freguamtly s {7 e beminadion 373 ixiioo - T 5y
¢) Would your answer to (b) be the same if you were talking about preparing 2-methyl-2-chloropropane
instead? Explain.
Ol mdieals ave much nove unstalide (rem,ma:,} Han Br radicals,

becowde sfF Hntir Swmaller size,  Thas, Huy ad las selechve for
]‘J"r‘f]{ll"] St Tuted e depotio S.Hé".-j, [ RUY - 3 PﬂdJ_;,.-;_.‘f‘ roHe cloger Te

Hoat png,{[c,b;d Shect s fAU»Lj sCeuns. Ry s ceaten, o lﬁ;ﬂ‘c_l}\
ia,,qﬁpr Ao UMt of 1-cblove-2- mg,ﬂufiflﬁl?mw: wowkd forma . Tt
Lach qiuﬁm"ﬁm At el AZ 1°: 3% Hs m dhe nu{.ﬂcm,LvEf
~Hxﬂi 12 chloricds procuct wondd Fm'l-mio].j erem be fag '““J‘-”"
PﬂME_{‘.'ﬁ_" Mais cpuld bse f‘l“é”_[: exed ]Cclgr;ﬂ ﬁhf{..{,{,t*m'i-?[j u-‘I;TL?E L
Ho celative ceathvity valwes fov Ber ve Cl Tusads W25 HS,

l»gui O wot f'fﬂ*?:hf-s-,ip{f Fie W\imﬁ;%{i\g +liote humbﬂrﬁ"_
Y i (w Sotten 003 1'-; |+\-‘:'Cl.ﬁ-’l'l‘fci.}

THE END
el 1% A x L0 =90 T whkl s % |° ohede
A | x 5.0 T S0 + 4 hbel T 360 3 chlinde
15t |




