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1.. (7 points) A student dissolved 1.14 mL of 2-methylcyclohexanone (MW = 112.17 g/mol, p = 0.924
g/mL) into a 50 mL round bottom flask containing 20 mL ethanol. 0.25 g NaBH, (MW = 37.83 g/mol)
was then added in small portions. The reaction was left to stir for 15 minutes at room temperature,
followed by the addition of 10 g crushed ice and then 10 mL of water. 1 mL of 3 M HCl was added drop-
wise to the reaction mixture and considerable foaming occurred for about five minutes, and an
additional 5 mL water was finally added. Following work-up, 0.60 g of the anti product (on the left),
and 0.36 g of the syn product were each isolated, where scratching the flask with a glass rod was
necessary to induce recrystallization of the syn product.

OH OH
1. NaBH,4, EtOH R
“\\\ - “\\\ . ‘\\\\

a) Calculate the conversion of the reaction. (3 points)

Option 1: Option 2:
mass 4 mass
Ngy= ———— Ngy= ———
molar mass molar mass
density x volume _ density x volume
@ < "~ molar mass @ < molar mass
_(1.14 mL)(0.924 g/mL) _(1.14 mL)(0.924 g/mL)
112.17 g/mol 112.17 g/mol
- = 0.0094 mol _ = 0.0094 mol
g 0= Mgyn + Mantj
Theoretical yield P molar mass
@ J = ngm X MM, @ _ 060g+0.36g9g
= (0.0094 mol)(114.19 g/mol)
=107g 114.19 g/mol
L ' = 0.0084 mol
( % yield = actual yield
Theoretical yield % yield = np
(1) A =060g+0.369 Nsm
107g © = 0.0084 mol
L - 89.7 % 0.0094 mol
- . (o]
=89 %



b) Determine the diastereoselectivity of the reaction. (1 point)

syn 060g
— = — = 5.3 @
anti 0.36¢ or 1.6 : 1 syn : anti

c) Following the reaction, work-up by addition of water, ice, and HCl was necessary. Why? Explain
with words and a balanced equation. (2 points)

THERE ARE TWO POSSIBLE ANSWERS TO THIS QUESTION
@ Water, ice, HCI are added to hydrolyze the borate ester and product alcohol
©
OH
© < i BNa s amo0 —= 4 1. +NaB(OH),
R R/, R R
OR

HCI and water are added to quench the excess NaBH,

0.5 each {
Ice is used to contain the heat from the exothermic reaction above

(1) 4H,0+NaBH, ——=  4H,+NaB(OH),

d) Explain how scratching helps to induce crystal formation. (1 point)

@ Scratching produces small defects which act as a fresh surface for crystals to grow.

(Something along this line is worth 1 pt, where a defect provides a catalytic site for crystal
formation.)



2. (8 points) Elimination and Substitution: While performing the reaction shown below, a student

decides to monitor the progress of the reaction using thin layer chromatography. The TLCs for the
reaction is represented below.

Br NaOMe

MeO
MeOH

0

a) Calculate the Rrvalues of A and B. Show your calculations. (1 point)

A B

27 16

A Rf= — Rf= —

4 41
. . . :066 =0-39

. . C V
0.5 pts each
s c P

b) Draw the structure of the reactant and products 1 and 2 corresponding to spots A, B and C. (2
points) 2 points for all 3; 1 point for 2/3

A: /@/\/ B: /©/\/\Br C: /©/\/\O/
MeO,C MeO,C MeO,C

c) Using key words, briefly justify your reasoning for this assignment (in part b) based on the principles
of thin layer chromatography. (3 points)

@ Polar compounds hydrogen bond to polar silica plate via hydrogen bonds

@ B is starting material as indicated by presence in S lane

A is alkene; no H-bonding so weakest interaction and highest R¢
0.5 each {

C is ether; H-bonding acceptor is more polar and moves least on plate

d) A student is attempting to favour the elimination product over the substitution product for the
reaction above. List two changes to the reaction conditions that will increase the yield of the
elimination product. (2 points)

@ Increase reaction temperature

@ Use stronger base or bulkier nucleophile



3. (10 points) Separations. Using a flowchart, provide a method for the separation of the following
mixture of compounds in dichloromethane. Isolate each compound to the crude product.
(Recrystallization not necessary).

(0] (0]
OH
.
OCHs,
10 % NaOH
or .
No points for NaOH alone,
™ yraOH @ must have water added
NaOH/H,O
aq org

RN
i @

+ DCM +t H (0]
@ structure ONa Correct structure race
in correct phase

OCH3
10 % HCI @ MgSOQO, (or Na,S0O,) @\
or Marking aq and Filter (-0.5 if no filter)
0.5 if no 1M HCI org phases
org solv. F?él o
+ DCM can be
Organic together
Solvent
Evaporate Solvent @ Y,
aq org
0}
O
H,O
NaCl OH

OCHs
MgSO, (or Na;SOy)
Filter (-0.5 if no filter)
Evaporate Solvent
(0]

OH

OCH,

(Please use common sense while correcting this question, as students will propose many approaches. If
student prepipitates ROOH from aqueous phase and does not do 2nd extraction (as shown above), this is
still acceptable. They just need to wash their crystals with Hz0 to ensure removal of NaCl (1 point)



4. (6 points) Sodium acetate, CH3COONa, was dissolved in 2-bromopropane in an Erlenmeyer flask,
and the mixture was left to stir for 20 minutes at room temperature, until an aliquot was extracted for a
1H NMR. Determine the structure of the product(s) and justify your choice based on the H NMR and
FTIR spectra, respectively, shown below. Assign each peak to the representative atoms in the NMR
spectrum., and assign distinctive peaks in the IR spectrum.

CH3CO (1)

CH3CH (1)

Part marks for logical interpretation of their proposed product. -1 point if not 2-bromopropane

LoD

/"\—\—\/"\

CH (1)

S0 o

C(0) (1)

4000

T
3000

T
2000

3460
2984
2344
28684
L3841
1738
L6390

a4
27
55
12
a1

a6

1684
1514
1470
1466
1374
1248
1183

84
79
47
67
10

40

1146
1111
1043
1020
960
ass
azl

4z
10
A4
28
ENS
86
1133

T T T
1500 1000 500

product




5. Mechanistic and kinetic analysis of reactions (7 points)

Br
\E>< +  CH;OH - ?
acetone, 25 °C

a) Indicate the possible substitution product(s) and byproducts of the reaction illustrated above.

(2 points)

H5CO, H,CO

\E>< v HBr

N y ®

N

@

Can be shown as racemic mixture

b) Based on what you have learned and performed in this course, briefly describe a series of
experiments (120 minutes max.) that could allow you to determine the mechanism of the

reaction. (5 points)

Monitor formation of HBr over time to determine kinetics

Set up experiment with [alkyl bromide] = [MeOH]

Titrate aliquots with NaOH at regular time points

Plot data: a) In[HBr] vs t = 1st order
b) 1/[HBr] vs t = 2nd order

ONOICRONS

Line of best fit will indicate reaction mechanism as Sy1 or Sy2

c) Explain how you could use IR/NMR spectroscopy to validate your mechanistic findings?

Diastereomers will show 2 different NMR spectra
@ Sn1 = two different spectra
SN2 = one single spectrum

NOW BONUS =1 point



6. (6 points) One method of determining the mechanism of a reaction is to use radio-labeled atoms. For
example, 180 can be used to trace oxygen over the course of a reaction.

A student assumes that the source of the oxygen in the carbonyl of the carboxylic acid is from the
chromate, and sets up an experiment using radio-labeled sodium dichromate. After performing the
experiment as shown in the lab manual, he observes the following results:

OH NaZCr21807
BOH +
02N H30+

1% 1% 98%

a) With the aid of a mechanism, explain why the major product contained no radio-labeled oxygen.
(4 points)

0]

/@/\ /\‘ 180 /O/\%'Cl:lr'180H
| I
O/ ‘180 O,N H O

@

proton \' O @ . X
transfer H,O o)
o O- Cr \-9H2 -
N

. O,
O,N generic
base is ok

No 180 is incorporated into the product since the alcohol in the
starting material is the source of oxygen in the carboxylic acid in the product

b) Why does a small amount of 180 appear in the final p-nitrobenzoic acid product? (2 point)

IF THESE POINTS APPEAR IN SECTION (a) MARK AS CORRECT

@ Radiolabeled H,'80 is produced in the oxidation mechanism in small amounts

@ H,'80 can attack aldehyde to form a diol which can be oxidized to the carboxylic acid

OR students can show H,0O attack with a mechanism

O,N



7.0dds and ends (8 points)

a) Substitution and elimination reactions can often compete to yield a range of products, particularly
with secondary substrates such as 3-chloropentane. Rank the nucleophiles/bases in descending order
(best to worst) to exclusively favour of a substitution reaction, and briefly justify your choice. (3
points)

CH3CH20Na CH3COONa NaOH (CH3)3OK Nal

Nal > CH3zCO,Na > NaOH > CH3CH,ONa > (CH3);COK

order

Strong bases must be avoided to favour exclusively Sy2 over E2 @

b) Why was the tea boiled for the caffeine experiment? Why was it subsequently chilled in an ice bath?
(1 point)

{ The tea is boiled because caffeine is more soluble in hot water than cold water
0.5 each

DCM has a bp of 40 °C and the solvent would evaporatore upon transfer

c) Fill in the missing reactants, products, and/or reagents for the following multi-step synthesis.
(4 points)

03 o ®

1) TsCl (or MsCl), base

J

2 LiAIH 2) Ker
©/\C02R e LA O/\/OH . ©N8r
NaOEt
EtOH
65°C

O NagCr207 OH

: J H,SO, H2S0, ©/\
B S — -~
@ acetone H20 @




Bonus: Phenolphthalein is a common indicator used for titrations. It is colourless in acidic solutions
and pink in basic solutions. Provide the structure of the pink form of phenolphthalein and show the
mechanism of the reaction from the colourless form of phenolphthalein to the pink form (3 points).

HO @
Qe Uo
A5 NaOH |
o —
©
<>O Electron movement CO, OH
colourless
1H NMR
CHCl,
2P
7727 % [ %

o
CH,F CH,Ar T™S
0 0 . . C—CH—C
)j\ /l\ R :’< CH,CI CH.NR, cl
R H H H

0—H R CH,Br  CH,S
CH,l cmc—H CCHC
CH,O CH,—C— C—CH,
CH,NO, 0
CH,

10



Table 1 Absorption frequencies of some common bonds (shown in bold type)

C-H
-C-H
-C-H

(stretch)

i

(stretch)

(stretch)
{stretch)

(bending)
(bending)
(bending)

&

alcohols, phenols 36003650 (free)
3200-3500 (H-bonded) (broad)
carboxylic acids

amines 1180-1360

alkanes 1375 (methyl)

alkanes 1460 (methyl and methylene)
alkanes 1370 and 1385 (isopropyl split)

11



