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 1

Chemistry 303

fall, 2011

THIRD EXAMINATION

7:30 PM, DECEMBER 12TH

, 2011

Duration: 2.0 hr


 Name__  _KEY ________________________________________________________

(Official Name)

This is an “open book” examination; you may use anything that is
not alive or connected to the Web.

 Note: if you do not know the complete or specific answer,
give a partial or general answer—

We love to give partial credit.

If there seems to be more than one good answer, explain your
thinking.

If you invoke resonance delocalization as part of your answer,
draw the relevant resonance structures.

If you draw a chair cyclohexane, be sure to orient the bonds
carefully.

If you do not know a structure and need to write a mechanism,
write a general mechanism for partial credit.

You need not draw transition states as part of a mechanism
unless expressly instructed to do so.

Pictures are worth 1000 words...

USE THE ARROW FORMALISM CAREFULLY FOR ALL MECHANISMS. SHOW ALL
INTERMEDIATES.

BE SURE TO INCLUDE ALL FORMAL CHARGES.

Write only in the space provided for each question.

Score:

p2___________/ 08 p3___________/ 11 p4___________/ 08

p5___________/ 08 p6___________/ 07 p7___________/ 06 Lab
question _________/14

p8___________/ 04 p9___________/ 07 p10__________/ 08

p11__________/ 12 p12__________/ 09 p13__________/ 12

Lecture Total: /100

There are 16 pages in this exam; please check now to be
sure you have a complete set. The last page is Table 3.2 from
the

text and related cyclohexane conformational data


Pledge:_________________________________________________________________________________  
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1. Quinine is an anti-malarial that comes from the bark of the
cinchona tree. It has played a prominent role in history as

well as the field of organic chemistry.

(a) (02 pts) How many stereogenic carbons does quinine
have?

4 stereogenic carbons

Point distribution – all or nothing

(b) (01 pts)  Based on your answer, what is the maximum
number of stereoisomers possible for a molecule having the

same connectivity as quinine?

# stereoisomers = 24 = 16

if equation is right but (a) is wrong, full value

(c) (04 pts) On the structure of quinine shown above,
assign the (R)/(S) configurations to all of the stereogenic
carbons.

1pt per correct stereogenic center assignment.

(d) (01 pts) If quinine has an optical rotation of –280°,
what is the optical rotation of the enantiomer of quinine?

+280°

no partial credit

N

MeO

HON

Quinine

H

H

N

MeO

HON

Quinine

(R)

(S)   (R)

(S)
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2. (a) (04 pts) Draw all of the stereoisomers of
1,3-dimethoxycyclohexane as planar representations and label each
of

them 1, 2 …

1 point for 2 and 3.

2 pts for recognizing meso diastereomer; 1 pt for showing both
versions of the meso diastereomer  

(b) (01 pts) Using your labels, give one pair of
enantiomers:

2 and 3

(c) (01 pts) Using your labels, give one pair of
diastereomers:

1 and 2 or 1 and 3

(d) (01 pts) Using your labels, list all chiral
structures:

2 and 3

(e) (04 pts) For the two diastereomers in (c), carefully
draw the lowest energy chair forms of each (2 chairs total; draw
all 

of the axial and equatorial bonds, including C–H’s).

1 point for well-drawn chairs with correct positioning of axial
and equatorial bonds

1 point for lowest energy chair conformation of meso
diastereomer

1 point for lowest energy chair conformation of trans
diastereromer

1 point for drawing correct enantiomer of the trans diastereomer
as indicated by numbering scheme

OMe

OMe

OMe

OMe

OMe

OMe

1   2 3

HHH

H

OMe

H

H

H

H H

H

H

MeOH

H

H

OMe

H

H

H H

H

H

MeOH

1   2

H

OMe

H

H

MeO

H H

H

H

HH

3

or
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3. (a) (04 pts) Predict the most likely substitution 
product(s) (including their stereochemistry) and circle whether
they

are formed by an S N1 or S N2 mechanism. If a
favorable rearrangement can occur, indicate the most likely
substitution

 product of rearrangement as well .

2 points each. 1 point for correct mechanism.

1 point for correct structure plus stereochemistry

If cyclization mechanism is drawn for (ii) 0.5 pts for correct
structure but wrong stereochemistry

(b) (04 pts) Predict the most likely elimination product(s)
of the following reactions and circle whether they are formed

 by an E1 or E2 mechanism. If a favorable rearrangement can
occur, indicate the most likely elimination product of

rearrangement as well .

1pt for E2; 0.5pts for each elimination product

1pt for E1; 0.5pts for each elimination product

no points for less substituted alkene rearrangement product

SN1 SN2-or-

SN1 SN2-or-

TsO   Me

EtH

HO   Br

Me

MeLDA

NaSMe

(i)

(ii)

DMSO

THF

Me   SMe

EtH

O

Me

Me

Br

NaOt -BuE1 E2-or-

MeMe(iii)

MeMe

MeMe

t -BuOH

heatE1 E2-or-

Br

Ph   Ph Ph  Ph

Ph   Ph

Ph   Ph

H

Ph   Ph

1,2-alkyl shift  H

(iv)
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(c) (08 pts) For each pair of reactions, circle the reaction
with the faster rate. If the reactions have the same rate,
circle

 both reactions. Provide a two-sentence justification of
your choice.

2 points each. 1 point for correct choice. 1 point for complete
explanation.

H2O

Me Cl Me I Me Cl Me Br

Met -BuOK

Met -BuOK

KI KBr

OTsMe OHMe

Et

Br

MeMe

Et

OH

Me

MeEt

Br

MeMe

H2O

heat heat(i)

(ii)

(iii)

(iv)

NMe3

CH2Cl2 NMe3

ONMe3

MeOH

O

Me Me

H

NMe3

OO

Me Me

HH H

The substitution and eliminations go by SN1 and E1 mechanisms
respectively because the electrophile is atertiary alkyl halide and
the nucleophile/base is weak. As a result, the rate only depends on
theconcentration of the electrophile, which is the same for both
reactions.

The substitutions go by SN2 mechanisms thus the rate will depend
on the electrophile and nucleophile.Iodide is a better nucleophile
than bromide because it is more polarizable and less well solvated
in theground state.

These reactions proceed by E2 eliminations. In the first
example, tosylate is a good leaving groupbecause it is a stabilized
anion. In the second case, the hydroxyl group (and the alkoxide
generatedupon deprotonation of the hydroxyl group by the base) are
poor leaving groups.

Both substitutions go by SN2 mechanisms. The transition state
will be better stabilized by a protic, polarsolvent (MeOH) than by
an aprotic solvent (CH2Cl2) due to a build up of charge.

H2O H2O

Me

Me

Me
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4. Consider the substitution reaction shown below:

(a) (01 pts) Assign the stereogenic center in A as: ( R)
-or- (S)  (circle one)

(b) (02 pts) Draw the organic product of the reaction in the box
above. Is the product formed as a:

single enantiomer racemic mixture  neither (circle one)

1 pt for general structure; 1 pt for designation as racemic.
Full credit for only one structure as long as it is

clearly labeled as racemic

(c) (04 pts) Draw an arrow-pushing mechanism for the reaction
that is consistent with your answer in (b).

1pt for silver abstraction

1pt for attack of EtOH, 1pt for attack from top and bottom face
of cation1pt for deprotonation of oxonium ion.

(S) (S) Cl

AgNO3

EtOHMe

A

OEt

Me

OEt

Me

(S) (S) Cl

  Ag+ NO3 –

EtOHMeA

Me

H

I

achiral carbocation

AgCl

precipitate

(S) (S) OEt

Me

H

(R) (R) OEt

Me

H

OEt

Me

 –H+
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(d) (02 pts) Under the conditions described above
(AgNO3 / EtOH), B, C, and D also undergo
substitution. Assuming thatB, C, and D undergo substitution by
the same mechanism as A, predict their order of reactivity.

1pt for one answer correct. 2 pts for all correct answers

(e) (04 pts) Explain your answer in (d) using carefully drawn
pictures.

The cation IC is destabilized due to the resonance and
inductive electron-withdrawing effect of the ester whereas

the carbocation intermediate ID is stabilized due to the
resonance electron-donating effect of the methoxy group:

2 pts for showing correct pictures that depict resonance
stabilization of the carbocation

1pt for resonance structure showing stabilization of carbocation
by donation of electron pair on the

methoxy group.

1pt for resonance structure showing destabilization of
carbocation by the ester; though, must be correctly

drawn

Cl   Cl

MeO

Cl

H

B C D

fastest 

middle 

slowest 

fastest 

middle 

slowest 

fastest 

middle 

slowest 

circle one per structure:

MeO

O

H

H

H

H

H

H

H

H

H

H

H

H

IB

H

H

H

H

H

H

H

H

IC

O

MeO

O

MeO

O

MeO

O

MeO

H

H

O

MeO   destabilized
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H

H

MeO

H

H

MeO

H

H

MeO

H

H

MeO

ID

H

H

MeO

stabilized
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(f) (04 pts) Draw the reaction coordinate diagram for the
substitutions of B, C, and D  that is consistent with your

explanation in (e). Assume that B, C, and D have identical
energies and their substitution products (PB, PC, PD) also have

identical energies as shown on the template provided. 

Using Hammond’s postulate we can assume that the transition
state leading to the highest energy carbocation (IC)

will be highest in energy and the transition state leading to
the lowest energy carbocation ( ID) will be lowest in

energy.

1.5 pt for showing first step as RDS in each.

1 pt for having the activation barrier heights correct based on
their answer to (d)

1 pt for ordering of stability of IC, IB, ID based on
answer to (e).

0.5 pt for oxonium intermediate and deprotonation step

reaction coordinate 


  p  o   t  e  n   t   i  a   l  e  n  e  r  g  y

B   C   D

PB   PC   PD

IB

IC

ID

RDS

rel energiesI'B   I'C   I'D
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5. (07 pts) Provide the best arrow-pushing mechanism for the
following isomerization. Assuming that B, C, and D

undergo substitution by the same mechanism as A, predict their
order of reactivity.

1 pt for protonation of leaving group

1 pt for ionization

2 pt for resonance delocalization of cation

1 pt for H2O addition

1 pt for deprotonation

1 pt for catalyst regeneration as shown above

Me   Me

OH

H2SO4 (cat) Me   Me

OH

H2O

Me Me

OH H+

Me Me

OH2Me Me

Me Me

H2O

Me Me

OH HH2O

Me Me

OH

H+

(or H3O+ or H2SO4)

(or H3O+ or H2SO4)

(or HSO4-)

acid catalyst regenerated

Me Me

OH

 –H2O
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6. As we learned in class, when E undergoes elimination, F
is formed as the major regioisomer and stereoisomer (Eq i)

Interestingly, when I undergoes elimination by the same
mechanism, H is formed as the major regioisomer (Eq ii).

(a) (01 pts) Identify the mechanism of elimination in both
reactions: E1  -or- E2  (circle one)

(b) (01 pts) Which product is most stable? F  -or- G
-or-  H  (circle one)No partial credit for (a) and
(b)

(c) (04 pts) For reaction (ii), draw the best arrow-pushing
mechanism for the formation of F/G and the best
arrow-pushingmechanism for the formation of H.

2 pts for each mechanism: 1 pt for deprotonation of correct
-H

1 pt for correct use of arrows.

If E1 was chosen as the mechanism, no double jeopardy for
correct E1 mechanism.

Me Me

Br

Me Me   Me

FMAJOR

Me

Me

Me Me

NMe3

NaOMe

MeOH

NaOMe

MeOH

GMINOR

HMINOR

Me Me   Me

FMINOR

Me

Me

GMINOR

HMAJOR

(i)

(ii)

E

I

Me

NMe3

H

H

MeO

Me Me

F

MINOR

Me

Me

G

MINOR

Me

NMe3

H

H

OMe   Me

H

MAJOR
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(d) (02 pts) What would be the impact on reaction (ii) of
increasing the solvent polarity?

speed up slow down  no effect (circle one)1 pt for correct
choice

1 pt for choosing “No effect” is E1 was the mechanism selected
in (a)

Provide a two-sentence explanation for your choice:

The transition state of the E2 elimination is less charged than
the ground state. Thus, increasing the solvent

polarity will stabilize the ground state more than the
transition state, leading to a larger activation barrier and

slower rate.

similar picture for the transition state leading to the
formation of F and G

1 pt for correct explanation.

NMe3

H

H

H

H

n -Pr

!

OMe!
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(e) (03 pts) Using a Newman projection, draw the
conformation of I that leads to F in the
product-determining step.

Full credit for anti-periplanar geometry

Or 2 pts for syn intermediate leading to a trans product

Or 1 pt. for a Newman projection that does not lead to
product

One point deducted if formal charge not indicated

One point deducted for Newman projections that do not specify
substituents

Full credit possible if E1 was chosen and deprotonation is
correct with respect to that mechanism

(f) (03 pts) Using a Newman projection , draw the
conformation of I that leads to G in the
product-determining step.

Full credit for anti-periplanar geometry

2/3 pts for syn intermediate leading to a cis product

(g) (03 pts) Using a Newman projection, draw the
conformation of I that leads to H in the
product-determining step.

Same criteria as above

(h) (03 pts) Using your answers from (e)–(f), provide the single
best explanation why isomer H is favored in reaction (ii).

The Newman projections in (e) and (f) have severe gauche
interactions between the HUGE +NMe3 group (like a
tert-butyl

group) and the ethyl group whereas the Newman projection leading
to the less substituted alkene H  has no gauche

interactions. The transition states leading to F, G,  
and H  look like these ground states. As a result, the
transition state

leading to H is lower in energy even though it is forming
the less stable alkene isomer. In reaction (i), the more
substituted

double bond is formed preferentially because bromide is smaller
and the C–Br bond is longer, making the gauche

interactions in (e) and (f) (with Br instead of +NMe3) less
severe.

2 pts for identifying gauche interactions as destabilizing in
(e) and (f).1 pt for indicating that the conformer in (g) is most
stable.

NMe3

H Me

H

HEt

NMe3

H   Me

H

EtH

NMe3

H   n -Pr

H

HH
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7. In principle, each of the three stereoisomeric bromides
J –L could afford the same alkene M upon treatment
with base

in an E2 elimination. In fact, one of these reactions is very
fast , one is slow, and the other is extremely slow.

(a) (03 pts) Identify each reaction by circling the appropriate
descriptor.

1 pt each

(b) (06 pts) Carefully explain your choice. (Hint: it would be a
good idea to draw bromides J –L in their chair forms
below

before beginning your analysis)

1 pt for lowest energy chair; 1 pt for chair flip and
antiperiplanar arrangement

1 pt for correct chair; 1 pt for indicating antiperiplanar
elimination

MeMe

BrMe

t- Bu

Me

t- Bubase

Me

BrMe

t- Bu

Me

BrMe

t- Bu

base

base

J

K

L

M

M

M

fast slow extremelyslow 

fast slow extremely

slow 

fast slow extremelyslow 

Ht- Bu

MeBr

H

t- Bu

Me

Br

Me Me

Jlowest energy

conformer needs to chair flip to higher energy conformer to
eliminate HBr

from an antiperiplanar conformation. Activation barrier will be
higher thanfor K because transition state will be destabilized by
axial t -Bu group.

t- Bu

Me

Br

Me

H

K

C–H and C–Br aligned antiperiplanar in lowest energy
conformation

lowest energyconformer 
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Lab-Related Question (14 points)

Jacques LeGrande, former orgo lab student, attempted to prepare
isobutyl methyl ether (1):

 by the simple expedient of heating a solution of isobutyl
bromide (1-bromo-2-methylpropane, 2) in an excess of methanolTo his
delight, he obtained a product 3, which had the correct molecular
weight by mass spectral analysis, although he

was somewhat perplexed by the simplicity of the1H NMR
spectrum.

Upon consulting his labmate, who may have received a better
grade in orgo, it was decided to explore the synthesis shown

 below, starting with isobutyl alcohol
(2-methyl-1-propanol, 4).

Again, to Jacques’ delight, he obtained a different product 5,
which also had the correct molecular weight by mass

spectral analysis.

The1H NMR spectra of products 3 and 5 are summarized
below:

Product 3 

1H NMR (CDCl3): # 1.19 (s, 3H), 3.21 (s, 1H)

Product 5 

1H NMR (CDCl3): # 1.01 (d, J  = 7 Hz, 6H),
2.16 (nonet, J  = 7 Hz, 1H), 3.24 (s, 3H),

3.33 (d, J  = 7 Hz, 2H)

(a) (3 pts) Deduce the structure of product 3. Draw your
proposed structure for product 3, and label the hydrogens on

your proposed structure. Support your structural assignment by
assigning the1H NMR signals to the appropriate

hydrogens.

 Note: The reported integrals need to be multiplied by a
factor of 3 to give the “absolute” integrals.

OCH3

1

CH3OH

!

3Br

2

1) NaH

5OH4 2) CH3Br

OCH3

a

a

a

b

3

! 1.19 (s, 3H) Ha  3.21 (s, 1H) Hb
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(b) (8 pts) Deduce the structure of product 5. Draw your
proposed structure for product 5, and label the hydrogens on

your proposed structure. Support your structural assignment by
assigning the1H NMR signals to the appropriate

hydrogens. Also, please explain the observed splitting
patterns.

The six equivalent Ha protons are split into a doublet by
Hb. The three Hc protons are not split by any other protons.
The

two equivalent Hd protons are are split into a doublet by
Hb. And, finally, Hb is split by the six Ha protons and
the two H

protons to give the observed nonet (N+1 = 8+1 = 9). 

(c) (3 pts) For any product (3  or 5), which is not the
desired isobutyl methyl ether (1), please provide a mechanistic

rationale for its formation; i.e., write a detailed arrow
formalism, showing all intermediates and every proton transfer
inexquisite detail.

Since product 5 is, in fact, the desired 1, we only need to
worry about the formation of product 3. As observed in lab, the

related isobutyl chloride (1-chloro-2-methyl-propane) is
unreactive in the SN2 reaction (NaI/acetone) presumably for
steric

reasons; however, it did react in the SN1 reaction with
ethanolic AgNO3. It was more reactive with ethanolic
AgNO3 than

2-chlorobutane, which would give a 2° carbocation. Thus,
isobutyl chloride or bromide cannot simply ionize to give a

high energy, unstabilized 1° carbocation; i.e.,

Instead, isobutyl bromide (2) must be forming the 3° carbocation
directly via a concerted hydride shift.

Capture of the 3° carbocation by methanol, followed by
deprotonation, gives the observed product 3.

Hb

OCH3

Hd

Hd

a

a

c

5(=1)

! 1.01 (d, J  = 7 Hz, 6H) Ha

  2.16 (nonet, J  = 7 Hz, 1H) Hb  3.24 (s,
3H) Hc  3.33 (d, J  = 7 Hz, 2H) Hd

H

H3C CH2

CH3

Br

2

- Br

H

H3C CH2

CH3

1°

H

H3C CH2

CH3

Br

2

H3C CH3

CH3

3°

- Br

CH3

CH3

H3C HOCH3

: 

: 

CH3

OH3C

CH3

CH3

: 

H:B

3°

3  + H-B

B = CH3OH or Br


	
8/9/2019 303 11 3rd Exam KEY.pdf

19/19

 19

Typical gauche interactions: 0.9 kcal/mol

Typical 1,3-diaxial interactions: approx 2.0 kcal/mol

Glossary:

Me = methyl Et = ethyl Ph = phenyl tBu = tert-butyl

OMe = methoxy

O  THF

LDA = lithium disopropylamide N

Me

Me

Me

MeLi

Ts = tosylate =

MeSO

O

MeS

O

MeDMSO DMF

O

H NMe2
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