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CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #1 "2- NAME

Question 1 Give the IUPAC name for the following compounds. Be sure to use cis/trans, E/Z or
R/S where appropriate.

a) 'o;:
CH,CH,CH,4

Br

Question 2. For the Bronsted acid/base reaction below:

a) Give the curved arrow-pushing in both directions

b) Draw a reaction energy diagram and include a drawing of the transition state

c) Label the acids/bases and which are stronger and give a brief explanation

d) Indicate which reaction is faster (left to right or vica versa) and on which side the
equilibrium lies and which acid has the smaller and which the larger pKa

© H o,
e H + H _— + H=
H H



-3- NAME

CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #1

Question 3 For each reaction

1) Provide the missing reagents/conditions or major organic products as appropriate

2) State whether the OVERALL reaction is Addition, Elimination, Substitution or Rearrangement
3) Briefly explain whether the a solution of the product would be optically active or not

4) Pay attention to stereochemistry including racemic mixtures unless specified

o) CN
a) §\ /7 + E heat
CN

0 Na+~-OCH,

b) - >
CH4OH

Br
X
c) ;
F

CHs CHa
o (7 - (oo

Question 4. Provide the missing reactants for the following Diels-Alder reaction.

h eat ‘\‘\\C N
()



CHEMISTRY 234, MIDTERM #2 PRACTICE TEST#1 NAME
Question 5. The purpose of this question is to determine whether the provided product is allowed

or forbidden — A Pz
e
N

1) draw the arrow-pushing that describes formation of the PROVIDED product
2) How many electrons are involved in the reaction?

3) FOR THE PROVIDED PRODUCT (which may or may not be allowed), would
the ring closing be disrotatory or conrotatory?

4) FOR THE PROVIDED PRODUCT (which may or may not be allowed), would
the transition state be Huckel or Mébius?

5) Is PROVIDED PRODUCT allowed or forbidden and why?

Question 6) For the following ion, draw all reasonable resonance contributors, draw an
"actual" structure that includes partial bonds and partial charges (use 6 to indicate partial
charges), and draw the HOMO and LUMOs on TOP of the provided structures

HOMO -
and
resonance
.0
w0 @

Question 7. Show how you would synthesize the target compond on the right from the
starting compound on the left. Show reagents and conditions, and the structures of important
intermediate compounds. Do not show any (arrow pushing) mechanisms.

o o

“,

o __



CHEMISTRY 234, MIDTERM #2 PRACTICE TEST#1 -5~ NAME

Question 8) Explain why the products of the following reaction are an alcohol and a bromide,
rather than two bromides, Draw a mechanism to support your reasoning

©;0°'j HBr ©/OH . Br1

Question 9). Give the curved arrow-pushing and the ALLOWED product of the following
cycloaddition reaction

CHs
|
)
A SYSRSN A
HoC CH ’
? +
CN
B /=/
e ) G f th
b) Give a pictorial representation of the c) Give a pictorial representation of the
w)aV(IafunctFi)(l)n 011 the E|OMO Oll\l TOP OF THE wavefunction of the LUMO ON TOP OF THE
STRUCTURE below for A, indicate the STRUCTURE below for B, indicate the
number and positions of any vertical nodes number and positions of any vertical nodes
(ignore horizontal nodes) (ignore horizontal nodes)
CN
H
ol ,~" Lumo
HoMO  © N NC
HGo SCH,

d) Give a brief justification for the stereochemistry in your allowed product, you must include

the following terms in your justification: suprafacial and/or antarafacial, HOMO, LUMO, bonding
and/or anti-bonding



CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #2 e NAME

START OF PRACTICE TEST #2

Question 1 Give the IUPAC name for the following compound. Be sure to use cis/trans, E/Z or
R/S where appropriate.

NO,

Et
Br

Question 2. Give a complete curved arrow pushing mechanism, and...

1) Indicate the Lewis acid/Lewis base (LA, LB) at each step as appropriate, and whether they
are also Bronsted acids/bases (LA/BA, LB,BB)

2) GIVE THE NUMBER OF STEPS IN YOUR MECHANISM

L) HBr LK)
OH —_— OMe

MeOH (solvent)



CHEMISTRY 234, MIDTERM #2 PRACTICE TEST#2 -3- NAME

Question 3 For each reaction
1) Provide the missing reagents/conditions or major organic products as appropriate
2) State whether the OVERALL reaction is Addition, Elimination, Substitution or Rearrangement

)
3) Briefly explain whether the a solution of the product would be optically active or not
4) Pay attention to stereochemistry including racemic mixtures unless specified
| X
a) |\ + heat
CF4 S U—
b) @ 1. MCPBA
—)
2. H;0*
Br
: 1 Equiv. Na*—CN
c) _—
Br

o OH
o (7Y —
OEt

Question 4) The purpose of this question is to determine whether the provided product is allowed or
forbidden CHs

G o
H,, / \ H A Fscgy I\Q\(CFs
FC  CFg H H

1) draw the arrow-pushing that describes formation of the product

2) How many electrons are involved in the reaction?

3) FOR THE PROVIDED PRODUCT (which may or may not be allowed), would the ring
opening be disrotatory or conrotatory?

4) FOR THE PROVIDED PRODUCT (which may or may not be allowed), would the transition
state be Huckel or Mébius?

5) Is THE REACTION SHOWN allowed or forbidden, and why?



NAME

CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #2
Question 4. Provide the missing reactants for the following Diels-Alder reaction.
CN

—_—
Y CN

Question 5. For the following structure:
a) Draw all additional reasonable resonance contributorts
b) Draw on TOP of the structure a pictorial representatrion of the wavefunction of both the
HOMO and the LUMO, give the number of vertical node (only) and indicate their positions.

7\
. '.N /N_- te TN
HOMO LUMO

Question 6. Rank the following structures in order of increasing rate of reaction in a Diels-
Alder reaction with fumaronitrile (shown), and give a brief explanation that includes the
terms "donating group", "withdrawing group", "energy of the electrons", "HOMQO".

CN

<_

:0: 0
.o NH
f@ é@ () I
NH NC
A B C fumaronitrile

- < __



CHEMISTRY 234, MIDTERM #2 PRACTICE TEST#2 ~5- NAME

Question 7. Show how you would synthesize the target componds on the right from the starting
compounds on the left. Show reagents and conditions, and the structures of important
intermediate compounds. Do not show any (arrow pushing) mechanisms.

Ph___Ph
Ph.__Ph

Y T

Question 7 (20 pts.)
a) Give the curved arrow-pushing and the ALLOWED product of the following cycloaddition.
State whether the product is achiral, a mso compound, a pure enntiomer or a racemic mixture

HsCO
® CN heat
Ay e

=, NC

b) Draw the HOMO for reactant A and the LUMO for reactant B on top of the structures below,
understanding that it may not be possible to get the geometry of the orbitals with respect to the
structures exactly correct because the structures have to be drawn flat on the paper

HsCO
® CN
J J/
NC
HOMO LUMO

c) does the allowed reaction proceed suprafacial/suprafacial or suprafacial/antarafacial?



CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #3 e NAME

START OF PRACTICE TEST #3

Question 1 Give the IUPAC name for the following compound. Be sure to use cis/trans, E/Z or
R/S where appropriate.

Question 2. Give a complete curved arrow pushing mechanism, and...

1) Indicate the Lewis acid/Lewis base (LA, LB) at each step as appropriate, and whether they are
also Bronsted acids/bases (LA/BA, LB,BB)

2) GIVE THE NUMBER OF STEPS IN YOUR MECHANISM

I, >— OH >, OH

—>
HCI cat.
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CHEMISTRY 234, MIDTERM #3 PRACTICE TEST #3

Question 4 For each reaction
1) Provide the missing reagents/conditions or major organic products as appropriate

2) Pay attention to stereochemistry including racemic mixtures unless specified
3) State whether a solution of the product(s) would be optically active or not and give a brief

explanation

1 Equiv. HBr
a) —
CO,CH4
heat
) [ I
CO,CH;4
Q Na*-OFEt

c) >
EtOH (solvent)

DCI
(thermodynamic control conditions)

Question 5) Indicate which reaction is more exothermic, give an explanation

©

>£r:\<:i£ >@_\<—>>=\® %Hb’r:
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CHEMISTRY 234, MIDTERM #3 PRACTICE TEST #3 NAME

Question 5. Show how you would synthesize the target componds on the right from the starting
compounds on the left. Show reagents and conditions, and the structures of important
intermediate compounds. Do not show any (arrow pushing) mechanisms.

. H P
ignore
stereochemistry ———— 3
\( here HO @)
X
H 0

Question 6) The ylide below undergoes an electrocyclic ring closure reaction
®

t-Bu \/S \l..e A
t-Bu

a) give the curved arrow-pushing that accounts for product formation

b) draw the product, paying special attention to relative stereochemistry of any substituents
¢) indicate the locations of any chiral (asymmetric) carbons atoms with the symbol, and
state whether it is racemic, a meso compound or achiral *

d) give the NUMBER of electrons involved in the reaction

e) state whether the allowed reaction proceeds via a Huckel or a Mobius transition state

f) state whether the allowed reaction proceeds via a conrotatory or a disrotatory ring
closing

g) Draw a pictorial representation of the HOMO on top of the structure below, give the
number of vertical nodes (only) and oindicate their positions

®

t-Bu \/Sﬁ.'

t-Bu



CHEMISTRY 234, MIDTERM #3 PRACTICE TEST#3 ~9- NAME

Question 7. a) Give a full curved-arrow pushing mechanism for formation of both products of
the provided reaction. One of these products would be formed preferentially under conditions
of kinetic control, the other preferentially under conditions of thermodynamic control, indicate
which is which. Indicate the Lewis acid and base at each step and whether they are also
Bronsted acids/bases.
B, :0CH,4

:,B,r CH3OH Ve
hog S ROARERO -
heat

b) Give a reaction energy diagram for both reactions in the SAME DIAGRAM

c) Give a brief explanation of how temperature is related to kinetic and thermodynamic control



CHEMISTRY 234, MIDTERM #3 PRACTICE TEST #3~ 6- NAME
Question 8. The purpose of this question is to determine whether the provided product of the
cycloaddition reaction given below is allowed or forbidden (there are several possible products
of this reaction, we will focus our attention on this one to see if it is allowed)

a) give the curved arrow-pushing that accounts for product formation

b) draw the HOMO and LUMO ON TOP OF THE structures as indicated above, and give the
number of vertical nodes and clearly indicate their positions

¢) IGNORING THE PROVIDED product for now, use the information from the F.M.O.s to
decide whether the ALLOWED reaction would be suprafacial/suprafacial or suprafacial/
antarafacial
your answer.
d) Using the sterochemistry of the PROVIDED PRODUCT, decide state whether the it was
formed via suprafacial/suprafacial or suprafacial/ antarafacial cycloaddition

your answer.
d) state whether the PROVIDED PRODUCT is allowed or forbidden, and give a BRIEF
explanation that mentions the frontier molecular orbitals.

7

HOMO / \

A\

LUMO

Question 9) Classify the following structures as aromatic, non-aromatic or anti-aromatic, assume

all structures are as flat as possible, AND give the number of electrons involved in the conjugated

system

® ®
®




CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #4 "2- NAME

START OF PRACTICE TEST #4

Question 1 Give the IUPAC name for the following compound. Be sure to use cis/trans, E/Z or
R/S where appropriate.

CO,H
cl
a)

Cl Cl

*OCH;,
b) Hsc—clz—CH?,

Question 2) Rank the following in order of icreasing rate of reaction in a base catalyzed
hydrolysis reaction (addition of water in the presence of hydroxide) and give a brief explanation
(hint, think abouyt the slowest, rate determining step for base catalyzed hydrolysis)

Me. A Me H/A_Me H AH i-Pr>&(i-Pr

Me Me Me H H H i-Pr i-Pr
A B C D

Question 3) Classify the following structures as aromatic, non-aromatic or
anti-aromatic, assume all structures are as flat as possible, AND give the
number of electrons involved in the conjugated system

Q ..
= Hee N

N

\O\' S



CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #4 -3- NAME

Question 4. For each reaction.
1) Provide the missing reagents/conditions or major organic products as appropriate
2) Pay attention to stereochemistry including racemic mixtures unless specified

1. MCPBA
—)

3) 2. MeOH/HCI (cat.)

(ignore stereochemistry)

HsC CN
b) \( + W heat
_—
X

0 g N\ EtMgBr

1. MCPBA
d) e
2. H,O/HCl(cat.)

Question 5) a) Give the curved arrow pushing and the product of the following reaction. Pay
attention to stereochemistry and state whether a solution of the product(s) would be opticlly active or
not.

T
H
C \C/CH3 heat
P S
©:0: HC™ H

For BOTH of the reactants A and B:

b) Give a pictorial representation of the requested frontier molecular orbital as requested on top of
the provided structure

c) Give the number of electrons in the conjugated system that are relevant to the reaction

d) State whether the allowed reaction is suprafacial or antarafacial

© @ HsC H

A:HOMO :O—N=C—CHjg B:LUMO 'C=C
TN
H CHs
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CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #4 4-
Question 6. Show how you would synthesize the target compound on the right from the starting
compound on the left. Show reagents and conditions, and the structures of important intermediate

compounds. Do not show any (arrow pushing) mechanisms.

(ignore stereochemistry)

/\/

Question 7. Consider the energy of an electron in each of the following s-molecular
orbitals AND a p atomic orbital on a carbon atom and rank them in order of
increasing energy. Two of the energies will be essentially equal, as indicated below

H_?_x F (p atomic
orbital)
B D
< < ~ < <
lowest E———— highest
energy ro?ﬁgly energy



CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #4 ~9- NAME

Question 8) Rank the following reactions, A, B and C, in order of INCREASING
exothermicity. Give a BRIEF explanation

2 H,
—>

2 H2 < <
- lowest highest
exothermicity exothermicity

2 H,
—>

A

55

Question 9) The structure below undergoes an electrocyclic ring opening reaction
(remember, D means deuterium, an isotope of hydrogen that is often used as a
labelled hydrogen atom)

A
—
D

a) give the curved arrow-pushing that accounts for product formation

b) draw the product, paying special attention to relative stereochemistry of any substituents
c) give the NUMBER of electrons involved in the reaction

d) state whether the allowed reaction proceeds via a Huckel or a Mobius transition state

e) state whether the allowed reaction proceeds via a conrotatory or a disrotatory ring closing

Question 10. Provide the missing reactants for the following Diels-Alder reaction.

heat



CHEMISTRY 234, MIDTERM #2 PRACTICE TEST #4°~ 6- NAME
Question 11. One equivalent of H-CI will preferentially protonate one of the nitrogens in
imidazole (shown below) and not the other. Give the major product pf the reaction shown
below and give a brief explanation for your choice of product

/ \ 1 Equiv. H-CI
.IN.)
H

Question 12) Provide a detailed (arrow pushing) mechanisms for the following
transformations. draw all important resonance structures. For each intermolecular step,
identify the Lewis acid and base (LA/LB) as appropriate, and whether they are also Bronsted
acids/bases (BA/BB), give the number of steps in your mechanism (hint BOTH SN1 and SN2
can occur at allylic carbon atoms)

Q_O/._\\_ph conc. HBr
e [ Y =
O Ty
Br

Question 13. Show how you would synthesize the target compond on the right from the starting
compound on the left. Show reagents and conditions, and the structures of important intermediate
compounds. Do not show any (arrow pushing) mechanisms.

NN . /b



