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CHEM 221 - ORGANIC CHEMISTRY |
MIDTERM EXAMINATION

INSTRUCTIONS: PLEASE READ THIS PAGE WHILE WAITING TO START YOUR EXAM.

This test paper includes 3 pages (both sides) plus a periodic table including electronegativity data;
note that a table of pK, values is provided on the back of the periodic table. Check that your
paper is complete. You can remove the last page if you wish. Model kits and calculators are
permitted; cell phones and electronic dictionaries are not allowed. You have the whole class (75
minutes) to complete the test. Read through the whole test quickly before starting. GOOD LUCK!
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# 1. (__/ 7 marks) TRUE or FALSE? Circle T or Fto describe the following statements.
T d @ The C-Br bond in bromoethane can be described as involving 2sp —3sp’ orbital overiap.
no (n=4 Fov &)

@I F In Kekulé structures, H atoms bonded to heteroatoms are incl&ded but lone pairs are notycluded.
s ke Lewis but withewt [sne pairs

T I(F) Resonance delocalization can occur if two n-bonds are separated by an sp*hybridized C atom.

e £ e b itz
@I F  Any molecule or atom described as a Brensted base can also be described as a Lewis base.

(1 E When assigning E/Z configuration, a —C=CH group has higher priority than a ~CH(CH) group.
3 < o

FC':;-S-' —c =<
=3

T @ At room temperature, an alkene is able to rotate about its n-bond but it cannot isomerize.

no

T l@ The most acidic H in any molecule is the H that is held fo the molecule by the weakest bond.
5 jends o Tormadion «F no-
oSt shlle @-gv&ﬂ#e balSé _

#2.(_/1mark) Which of the following species are examples of tertiary amines? Circle your choic@
a) (CHa),CNH:

b 6.SCBY (CHa:N
. 05Cc) (CHa}N(CHCHs)
©.5d) (CHa):NHCI

# 3. (__/ 1 mark) M.O. theory states that when two atomic orbitals overlap, two new orbitals form. They are:
/%)_ a lower energy bonding orbital & a higher energy nonbonding orbital o.©
b (b)) a lower energy bonding orbital & a higher energy antibonding orbital
c) alower energy o orbital & a higher energy z orbital no
d) a lower energy o* orbital & a higher energy o orbital
ML
# 4. (__/ 1 mark) The larger the number of closed-shell resonance contributors that can be drawn for a
species, the more the species is. Choose the correct word fo complete this statement.
a) hybrid
0& b) unstable
c) reactive

@ stable

# 5. (__{ 2 marks) Which of the following bases would be strong enough fo deprotonate CHy-C=CH? _

a) (CHs):CO" (Ch), coH 19 pa ~ G =

b) CHsCOO™ cHyCooH ‘i similar fo HEZCH
C (@) (CHRCHNH  CHz Nt similar 4D

d) HCO:™ H2CO3 6.4 et .

== n H e
T 3 e i L e T
' 1 S gy el Le higher Yaon ¢Ca ot H Yo gl To reaout }
[l ot Cprggzactd o s o B0 - el s

| o~
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# 6. (4 Marks) Draw @ structure for each of the following compounds:
a)| cis-2 Fﬁ%ﬁﬁéh lcyclopentanol £ O onC-i b) {Z)-5-bromo-3-eth I% 2o:ene
& Emetly ey e el Jfr on C-2. s%""‘"‘“’ y
6.5 0§ oH 0:5 oH 0§ cwdp 025 0aS

Thes

LQ(
) "A\N/ 0.5 h;ufr \% iy
1‘( \-—}A % \*‘/ :hos§ \“‘—:\/\-_\Ef = P{
3

fopaes — lowd? . |
friotihy {oric*‘ft"j*i
# 7. (4 Marks) Provide a systematic IUPAC name for each of the following compounds:
a) Mot highl iqmw:lgg‘ b) longest chatn Tnthuding
pas evd‘a_h?un : HN AT Hhe N ;
= heptane . _ * butane, farunl
L‘ 7 % d*“t%‘ilé’m‘“ 5 \ z < Y M- Pn‘”i 5
ke 6“‘1\{ W re anent s =0,
lekn\;f’ﬁ(-ﬂ)( 0.5 A-ethoxy @ 4 ,0.§ e
6.ty 025 o S ~ 2~ bhutanamine
G- J?;f 3-ebhyl~2,2- dfmuwiheffme . &3%? N prepy! e
) 0 = {iles -2~ am|
= &lf 0.15 ons 05 ;R J.V.prm?j[:b ar o5 Mine

023 0.5 'J-S 018 0. 5’
# 8. {__/9 marks) There are six isomers with the formula C4Hs.
a) (2 marks) Calculate the number of elements (degrees) of unsaturation present in these isomers. What
does this mean? , Means: E‘vﬁi’*{ isores has
denre e o[: uf\iﬂ‘}ufd';‘\‘Cq: el = l(-q'}‘izvt% = | elHher | ¢ing or | TTF’OOV!A
4 < z i ok (it is “missing” AHs

C‘Q}TTQ'Q\"QOJ ‘f‘c ﬂ;f'\ &.Q,Eka\'\@-)

b) (6 marks)/D and@ all six isomers, and include E/Z descriptors where appropriate.

: £ ) ~—3 COW‘MUV[ na,ﬂég Qf’ glnge AL.;{ ’hﬂ‘i‘ Sfuftfj >YS’WIt b.,,.f%Eﬂ
(\C‘\L-‘.u} &4 vilt , %Z« 1£ 40 not Pu‘l— (®) ‘\m"“"-HE ) pusl also a.i,m‘ {‘1’ EfZ
“ H
S e
6 Cyele LJ Fant H/m‘-\ﬁh l H {~butene or but-i-ene
L E}-2-bufeas / ot butene
v B)-lut-2- 2nes
e "*_'—"'// \\ H CH}
e Cio ;
Q N = >—:_/ 2-methyl propene
: ’({ LH+ : H \(,Hl - l"i""\e‘i’h‘ﬂ_l‘i?m?e"\?'
y ; Z) = 2~ hwténe / &
e F[opr;;?qnt c&r()%‘rhufvzfzﬂe /,/ s A pRS g g < frinE
¢) (1 mark) Two of the compounds in-part(b) are geometric isomers of each other. Circle this pair.
e LP C/S/h‘a-'\& ISErMe s of afkenes.
. the € somer above IS frans -2- lwtene
[q. 'ﬁ‘u‘ 2 IS A otloont i crs=2= lgth’i'\'E’.
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# 9. (__/ 5 marks) Think about the conformation of 1-chloropropane in which the Cl and CH3 groups arelanti/

CHEM 221 Fall 2005 Section 01 MIDTERM EXAM

f) {1 mark) Complete the Newman projection of this conformer (downk'C1-C2[bond):

€-1 showd be in (ks
- '?E"\E' ‘F_m,...‘-‘i_ o H H
b) (0.5 marks) What is the dihedral angle between the Cl and CH3? :
(30° H H
5 /_? c) (0.5 marks) How many bonds are eclipsed in this conformation? ¢l
Q —
zevo

I’ d) (3 marks) Imagine the molecule rotates 120° about its C1-C2 bond. Draw the new conformation's

| Newman projection (use the circle below) and complete the following statements (circle your choices).
| 5 The amount of steric strain is: lower, the same =~ w : H
0.$ The amount of torsional strain is: higher, lower, e eclipe)
¢ -{This conformer's potential energy is: < hiéhe‘r) lower, the same :
01 The CCHs dihedral angle is: larger, the same (< H H
; o : H
Br.,, . ,CH,CH,4
# 10. (_/ 5 marks) Shown below is an incomplete drawing of the ring-flipping 1
. equilibrium for frans-1-bromo-3-ethylcyclohexane (structure shown at the right).

* ¥ of i Hans i!,&) ea Trans . 1
a) (1 mark) Complete the structures of the conformers by adding the hydrogens and substituents. 8 and CHatHs
b) (1 mark) Label the substituents as axial ("ax") or equatorial ("eq") in each conformer.

c) (1 mark) Identify the important steric interactions in each conformer. Circle the substituents involved.
&

63-dinva! interaciions 05 (0.2 tach
Aame S G for oaar
0-$ \_EJL_/.;\.‘QQ' e )" -'
: L e

CH; CHa

v
1 ite i
\ B H ] @ H 5
| Yen R TR /_Jf\
; & W By (0

\ .
v @ i3 diawal jatevachions

d) (1 mark) Briefly describe the relative stability of this compound's two chair conformers. :
Conformer 2. is more Shble because W*E__ Ee—H decic i'-lﬁf’f(.tﬁ‘m’\f
Jre less inhense Han fhe ObCly —H voaoraetions e, ehyl &5
acger than Br 5o more stalble with etayl group i eguatorial pesition.
€) (1 mark) Imagine a molecule of another compound "B" collides with a molecule of trans-1-bromo-3-

' ethylcyclohexane in a sample at room temperature. Which conformation of trans-1-bromo-3-
l ethylcyclohexane will molecule "B" most likely bump into?

jes which confermer (s more CUMW\UV\]% a;ﬁoi»ﬁio(?

el RO dhe more stable conformer  vith ethyl grovp C?M&{m@"
O is the Confonmadion Haat most wwetecd oo Wil ke ﬁr;wnc_l 7o)

( L wmostk Qkely Lor omother mgeake (8) b crllide with -

e — M= - B %
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#11. (_/6 marks) Diethyl ether ar:gd 1-butanol j’tje isomers with similar solubilities in water %Jt ve? |
different boiling points. z 4 o° gt et
2E CH3CHo—0—CH,CH; CH3CHCH,CH,—0—H |
lacge 8T £ diethyi ether, bp 35°C ~ 1-butanol, bp 118°C
Irmr\\jlov-) g 8.4mL dissolves in 100mL H.O 9.1mL dissolves in 100mL H,O

a) (3 marks) What causes these two isomers to have such different boiling points? Explain. "
To cousider beiling points, we wust Fhink about a pure comple of each u)n‘gc..mcl Te
enter the vajouwr phase, o molecde must break away from av of s inlteractions with
woleculer of fie same kind . WA-budenel  will have hydeogen bondiag interadions
5 a5 ks Stroanest Fe=e intecmotecudar Dce, whereas diethyl ether will have
: izole e ni‘aa*qdmﬂ‘x“ s gr‘m“":\]ﬁé"r [“"t&“mdtcv'ém fD"h‘"{fJ both imulecled
r\cl’{ wiw Wmls 'ﬁbrce_f.\leme -H,\e,w aity‘ chaint are Similar (ot # €
o b With no banmnaﬁ)—m H-bond s 2ve SM“‘EL” Aod_intevacht Ll

Yutaagl will fs mvy{f,
besomewhed o g neray Wis required Tor bubane! to vapenze, se it both < & higher %MPcme..

f"“‘;‘f( b) (3 marks) What causes these two isomers to have similar solubilities in water? Explain. A
Z‘:Zm To corsider Selubility | we must Haink abowt replacinn iV\'l'EiMLrlﬁLMflﬂx i'\“‘foC,'-”(‘ch\S

Eﬂﬂﬂﬁ'i‘"‘é“* beluecen smwtad welecudes of same Kind Wl dnlesdcbons . e

Water v o Pclﬁw soluent with Hae o [u|-(1 4o L’Li%*e—Ei‘_‘f—-— bl

5 heads, Dietyl ehthec Can aceept H-bendsWvia mkcrackion of Wan® HEt afom

o LHn ethes's ox ‘}éwi lovne qal\"s} hut the aﬂ—M‘ chaias howe cn‘#_bg‘ﬁ;bl& VAV.“'\X
dvcees by wlnsov\ ﬂﬁ“l Can mterad wiH hﬂiﬂ-«’ overll ehuar i ounly g‘uﬁk{f‘j

lutlo\t i wedker, Bwi‘ ol 15 alse a‘ﬂl\f &l\gh“ ‘“g{M } ewy\ Frough “Fean boﬂ'/\
p + alfce k - em:'d; “H-’\& 4C choin ren.ureJ IL. ¥ Mul Cﬁ.,u'fs o in

v&w ovces el Han Hao-Wap H- ianmu vea (] ﬂm um} endyup cii“‘?f‘”
#12. { 6 marks} Two isomeric cyclohexenyl alcohols are s wn her Qﬁ)
a) (2 marks) Which is the most acidic H in each%olecu!e’? Why?
-ra( Iou(if\ UV\D{QC{,&,‘&‘J tine hyguwox { H :—S tae wu:\s.f OUO“JC H fﬂk“ O%kE# H a; C{ﬂl

bOV\ﬁLFA -‘r(, = ﬁ]{\e H "Hf\.o'\.'r iEﬂ;:lb +0 “H'\E (kAN bh?l!sfe Cyh\ﬁqm#Q 105152@ !S ﬂ e

; J
2_ casteat H 4 leze (je* most acidic H\) Be cAilse (i!ﬂj‘ﬁvl_ls_mg,e decw@,m‘?ﬂhmm
—H/\cu\ cacbon  (of aﬂ)’ \:‘Fm{t%ﬂ'tcn

Hne =0@ anion would be more stable Haan fhe W
(e or "SP c'® Lewed oy Aem%mﬁhg] ot o C—f. Thi is canfirmed ]”j
\m‘s-m% P plas, which are fower for aleshols Hnan for alkents or aficants.
ich

b} {4 marks of the two compounds has theil_ower pKa? wm;u ude_l:e!exam_.{a_
\,ﬂa lower phe = la@er Ka =V nf‘ﬂs‘»sycr aed J\)(

structures to support your arguments.
NOH H‘r /0 & 2l . ot "H
\J — g‘—) <> e\, s (D l//\,( 1/\(“’\ < E 'glf.tjfj

- \4\/ Showadiyees =
RSunaie - aﬁbu.e&ﬂ\x’ ” w srmaurrs %f ii fi
enwaate base / { v fesonance);
Becouwse the ce \Ju&ﬂo:ic: LetSe e crumw.d@ & clabi lized b:n.f efonance dhe lone ‘i‘,,r e

lexs @aciive Haan wsued (b s deloeakized over many ovas father Huan l0cald 2es :::"i’f;
N cﬁvazq\ c‘ﬁl)u'\‘\) i (-*“"‘-? W-V"'q @ 5 v’ff”\\v—ﬂf\zb« hase ’h,c:L& ity lene fqu" iﬁ:(uvl—lt{g{ o e

. 1 +L\,L Ox A& \-'h)n'\ L-\.E\‘\‘-'J-
. e Sp afiepa Famd 2 f?ﬁ.g\ Hoe TS Sfei Fraim |
\()PUJJ}Q. ‘- f _,\Gﬂ r'}ik ').__;E;‘_i U,né. a e Ca {"j[[:_lfm_"f‘_\_ﬂ__li(.?__\f

—_— revenhs Ae\ufad!&; Xitw . ““"aivﬁ‘ : ‘
R PLQ“)W i l«rue S‘" @S guiens is = ?"‘mi’l i lmse“’ This means it 5 better af cairymg Psom
l L i&mm) s B ik o waker acidMerd Thue @ is mer® acdic o hat fower pKa.




