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1. [9 points] Name the following compounds according to IUPAC nomenclature:

(a)

3-ethyl-4-methylheptane

(b) /H]/OH
0]

2-methylpropanoic acid

HsC
(c) H3CH20,,N/CH20H
Br
(R)-2-bromo-2-methyibutanol

2. [3 points] Draw the structure of (£)-1-chloro-2-butene.

CIH,C H
CIH,C \
or C____c¢C /
L~ N

CH;
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3. [16 points] Below are eight pairs of structural formulas. In the box to the right of each pair, place
the number (from the six terms listed below) that BEST describes the relationship between the two
structures. NOTE: Each term may be used more than once and not all terms need be used.

1. Identical 4. Constitutional isomers |
2. Diastereomers 5. Enantiomers
3. Conformers 6. None of the above relationships

@) %Cf % L{

CH,Br

Cl, OH

®) o . 5

HO Cl

.

(©)

(d) L{




3. (Continued)

o Me " OH
: e
© @ d MeEQSE
| OH u Br
CHO CHO
H—}—oH HO——H
o HoTH H——OH
H——OH H——OH
H—{—OH HO——H
CH,OH CH,OH
OCH;  CN
® [;:]
| CN OCHs

o /<1 Sh_

)
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4. [11 points] (-)-Glucamine, shown below, has a specific rotation of —7.95°,

CH5NH,
H——OH
HO——H
H——OH (=)-Glucamine
H—OH
CH,OH

(a) Draw a Fischer Projection of the enantiomer of (-)-glucamine.

CHy My

o ——
H L oH

o
HO T

¢ Ha oH

(b) What 1s the specific rotation of the compound you drew in part (2)? It is (circle one):

(2) ~7.95°

(3) positive, but can’t determine the exact rotation based on the given information
(4) negative, but can’t determine the exact rotation based on the given information

(5) can’t determine the sign or the exact rotation based on the given information



Page 6 0f 16

4. (Continued)

(¢) The specific rotation of the compound below is (circle one):

CH,NH,
HO——H
H~{-OH
HO——H
H——OH
A CH,OH
(1) +7.95°
(2) —7.95°

(3) positive, but can’t determine the exact rotation based on the given information

(4) negative, but can’t determine the exact rotation based on the given information

't determine the sign or the exact rotation based on the given information

(d) Calculate the percentage of (—)-glucamine in a mixture of (—)-glucamine and (+)-glucamine that
has a specific rotation of +4.77°.

X= % ()
+745(1-x) + (7149)(x)

.95 — 145X — 745X

+ 477

!

e
e
—.

‘T ('? 7( = 3: [§ - | -
38 20/ &) lagning

1S —
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5. [10 points] Strychnine (structure below) is a highly bitter, toxic (rat poison) natural product
isolated from the Strychnos nux vomica plant, found in the rainforests of the Southern Asian and
Australia. '

(a) In the space provided, write the name of the circled functional groups:

Strychnine

(b) In. the structure of strychnine below, circle the carbon stercogenic (or chiral) centers.

Strychnine
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6. [12 points] (a) Draw the structure of cis-1-methyl-4-isopropyl cyclohexane. Show stereochemistry

clearly.

(b) Draw the two most stable conformations of cis-1-methyl-4-isopropyl cyclohexane.

\/

(¢) Circle the most stable conformer you have drawn above.

(d) At 300 K, one conformer has a standard enthalpy that is 1.0 kJ mol™" greater than the other
conformer and the corresponding standard entropy difference is 10.0 J mol™ K. Calculate the
percentage of each conformer present at equilibrium at 300 K.

AG = A =T s (0= — Io KT) = (3BK)(0+ 0l £ /wik )

Mai

AE - =20 KT/ Mo
K = (O.DO%EH I’_(T/’ﬁdlf’\') (19?%&) (/Hk)

—A.0 1T mel — 5 el [ /nk’>

Ink = 08 ; K < Ra | , |

; - 2 A f";‘( GY/ “\'z . ——L {g ' \
of otimuor 20 6i 1 2.
- (aa+) Jro 3R 7

N | -

AGJ‘): _ Q—T "'\
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7. [12 points] (a) Circle the electrophile below that will react fastest in an Sy2 reaction.
o
O
\I/\/\Br
I @
{b) Which of the following nucleophiles will react fastest in an S 2 reaction (circle the best
answer)?

L
L
L

(¢) Draw the appropriate reactants or products in the boxes below. Show stereochemistry where

appropriate.
¢ Ha, N
CN
=
e -

CHy,

DEL
CH
un||3 |”‘OC£ ”“C’{
CHaCH,OH 3|
HsC _ -

dﬁg (’Hg

(More than one product is possible.)
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8. [12 points] (@) What functional group is present in an o
epoxide (structure on the right)? 7\
R R

Epoxide

(answer)

Epoxides readily react with strong acids (such as HX, where X = Cl, Br, or I) to form a ring opened
product. Under strongly acidic conditions, epoxides such as compound 1 will always open to give
the halogen at the more substituted position {(compound 2).

0 HX X  ©OH HO, x
>A —_— L a—/ The product ratio of 2:3 is >99:1
1 2 3

{b) Using curved arrows, draw the mechanism for the transformation of epoxide 1 into product 2.
N\ H—-'—/}z @9@/ H 0 Ot

<

(c) If you treat optically pure epoxide 4 with a strong acid, would you expect the resulting ring
opened product (5) to be racemic or optically pure? Provide an explanation for your answer.

o) HX
X optically pure?
4 5

The cachoation 1nterme due will b attatred

(’E«m“\{ ~fom ¢ ithee 51 de
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9. [18 points] Use data for dimethylamine in the table below to answer the following questions.
Assume all gases are ideal: PV =nRT,

Formula of dimethylamine CyHN
Molecular weight 45.062 g mol ™’
Normal boiling point 6.9 °C

Standard enthalpy of vaporization 25 kJ mol ™
Standard heat of formation (at 298.15K) | —43.9 kI mol™
Standard molar entropy (at 298.15 K) 182.3 Jmol " K

(a) Write the expression for the equilibrium constant for the vapourization reaction below in terms
of activities. :

(CH3);NH (liquid) === (CH3),NH (vapour)
’( _ Q VapPes
Q\. h\%w-({

(b) Calculate the equilibrium constant for the above vapourization reaction at 6.9 °C.

CL“% = | 5 ay,q, S Pvu;p// aTm

K= P = 1
K = -\/Slpﬁ( - qrﬂe ﬂO(ﬂ\QI b?/ quf) :{q'}k/r\

——

(c) Calculate the change in entropy of dimethylamine upon vaporization at its normal boiling point.

Agu‘~ = (v _ Aﬁj@p _ A5 KT el

—

T T (2. 5+

- J 7 T/’““”(
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9. (Continued)

(d) Estimate the vapour pressure of dimethylamine at § °C. What assumptions have you made in
your estimate? & N < vap

Assume A H\h‘s[\ @{&  ds "U\dr g a‘f T | ’
i’\ (k‘ - A ( 1o %.‘__ ) - (;\i”)s _/og/stﬂm) (27575 B 36’0.—6—)")

- o. AT

qu""m‘"\§ AH and ASY are T— !‘/l(/({jf.«(,h‘(:/
AG = =BT |nk 2 AR'-THS =2 35 — évsf/sﬂf)(m)()wi)) L OLSiks

lnk:_e? = _EELL—:B - =032
T @) e ]

/

= o P, =00 /
R 4

(e} If 200 g of dimethylamine is sealed in an evacuated 400 litre drum and allowed to come to
equilibrium -at a temperature of 0 °C, what is the pressure inside the drum and what phases are
present in equilibrium?

ASSimy 4 l(la( a«fﬂ G«L !(?Mf{ WOM’I( d\f" /AL ![U{r!
0.8

P=nkl_ @j&}a_ﬁ“)(o,ow) (373 ’9)//00 = @M atm

- M < 0'76'/ D.-q/\/ f/:ilﬂg,?(\ will AC [J["’Jt’ffl“‘
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10. [15 points] (a) You have a summer job in a biochemistry lab. You are given a bottle containing
solid dimethylamine hydrochloride (CH3),NH,Cl (pK,= 10.64) and asked to prepare a buffer with a
pH = 10. On the lab shelf, you have the following reagents: water, acetone, benzoic acid, NaOH,
KCl, TiCly, nitrocellulose, HCL. Which of these reagents, in addition to (CHj3),NH,Cl, do you
choose to accomplish your task? (No calculation is necessary.) Explain your answer.

O\FPrid‘\‘)lﬂ. Gmuuits of (cf'fg)an/ﬂ&f\ ard (Cﬂ})lfvﬂ are Needed.
Maol | 15 needd fo tuavert )j}ng (‘i(’,ﬂvz)h M(at'l‘l*fu (fﬁg)kﬂ/('{,

H‘G\O 0S flCec\el. ‘h: chh 1S ('@r\j\»toﬁ.q'f'( basc
maite & Soliteon. actd

(b) If you prepare a 0.100 M (CH3),NH,Cl solution and add 0.0400 moles of HCI to 1.00 litres of
the solution, what is the resultant pH?

TI\C P” will ’h: \Efir ilﬁfuw /063*1 Jikf()((‘q.fl\.’)ni of (C”5)s) ﬂ/}{ﬂd’ (4 5()
I‘E‘N)“J: G Steony acd (Hey s added o o Weak qcﬁl/ (chy), Ml
7

| 7OHund O L [y
= =l (o ) =M

Ahis soliton 1S aeh o byffer.

(¢) If you add 0.0400 mol of NaOH to 1.00 litres of a 0.100 M (CH;3);NH,Cl solution, what is the
resultant pH? , , + a . \
(C-”s)a VHy + Hho = (M 4 HadD) all e Mool is

-5 Dadial 0.06 M 0 04 M el o zo.mff
¢hanye ~x X +x [(CralMacl o (e 1
E‘,f(\ . 00 ¥ .64 +X X ;,\;\1-c\q!l~/‘ This ety
J a buffrc.
st (O) () 0w ( Y < osd)
0 e A
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11. [12 points] Using the following reduction potentials, at 25 °C,

Av*'(ag) + 2¢” — Au'(aq) E0=136V
Au'(aq) + ¢ — Au(s) E0=183V

(a) Calculate K for the following disproportionation reaction:

3Au"(aq) — 2Au(s) + Autaq) £
/SN+ —97114”'% e A4
W Aut 4 he Ao +1.83V

+Ot"(7‘/ :
o - kT 4
N 4 6\5 e , f‘ '
]nh’l Jﬂ A€ : Q1 Vmuiv(U‘LﬂV) = 6.4 ; - C
N (0,008 kT )(;2.‘*}8?1)
- Mol "(

(b) If AuCl(s) is added to water, does Au(l) spontancously disproportionate to any significant
extent? Explain your answer.

T Aut dsdws in watee,  Fowill d:sproportivate C,@f’vt}’)/d@l/f

1f a g luig'
Sﬂu{t — A+ Au =78 X
{ONY
OSSSETINE e AL
/‘mﬁ«k Ae ~— Awa”f —-i-/&é"l/ ~AF(13¢)

- ‘rl/ — ,: ("8:)

AG = —2F (136) TE F("‘f‘;ﬂ

- i

.f_. F(?)'h}é +1§3) [ I,S_Qf/?

.

Aiui‘ *—A(S"J -
N~ 3 F




