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CHM 234, FINAL EXAM PRACTICE TEST #1 - 2. NAME

Question Provide IUPAC names for the following structures, do not forget to use E/Z and R/S
as appropriate.

(2S),5-dimethyloct-(5E)-enoic acid

b) : OCH,CH,CHj5 (3R)-propoxycyclopentene
2

Question 2) Rank the following in order of Lewis base strength, and give a BRIEF
explanation

H H
A H@I:B—H B H@/:\I—H c H:®
H H
A _ B _C

those in C are highest, since they are not in a bond, those in A are lower than in B because the
B-H bond is stronger than the Al-H bond, since B is smaller than Al, but is in the same period

Question 3) Indficate which of the following two structures A or B would react fastest with a
diene in a Diels-Alder reaction. Give an explanation that includes the following terms:
"energy of the HOMQ", "energy of the LUMQ", and also "withdrawing substituent" and
"donating substituent", you should also identify and withdrawing and donating substituents

weak withdrawing withdrawing
CE "=
” weak donating y weak donating

B will react faster, it has an electron withdrawing group (the ester) and a weak donating group
(the rest of the ring) attached to the alkene n-system

A also has an electron withdrawing group (the ester) and a weak donating group (the rest of the
ring) attached to the alkene mt-system, the withdrawing group on A is weaker than that on B
since it is due to the inductive effect of the oxygen only, whereas the withdrawing effect in B
also includes resonance

the rate of the reaction is determined by the energy gap between the energy of the LUMO of
the dienophile and and the energy of the HOMO of the diene, the stronger withdrawing
substituent in B lowers the energy of the LUMO, which decerases the HOMO/LUMO energy
gap, increasing reaction rate



CHM 234, FINAL EXAM PRACTICE TEST #1 3- NAME

Question 4) Rank the following in order of increasing Bronsted acidity. For each, ADD THE
MISSING MOST ACIDIC HYDROGEN ATOM to the provided structure and draw the conjugate
base anion, include any important resonance contributors and give a brief explnanation for your
choices

0. HoN :0: 0. 0:

ﬁ H - ﬁ H H
C
(o} oK
l-H-‘- l-H+ l-H-‘-
o

least most
acidic acidic

the strongest acid has the most stable conjugate base anion

the larger the number of resonance cointributors the more stable the conjugate base anion

the base anion from D is stabilized by the largest niumber of resonance contributors, 4

the base anion from A is stabilized by 3 contributors

the anion bases in B and C are stabilized by two resonance contributors each, but in B the anion
is destabilized by the oxygen (indicated as SD, strong donating group), B is thus the weakest
Bronsted acid



CHM 234, FINAL EXAM PRACTICE TEST #1 -4- NAME

Question 5 (Give a curved arrow pushing mechanism for the following reactions

+ AS APROPRIATE, SHOW WHERE ALL PROTONS COMES FROM AND GO TO (no +H+*/-H*)
- DRAW ALL RESONANCE CONTRIBUTORS for the intermediates as appropriate

+ At each INTERMOLECULAR step, INDICATE THE Lewis acid and base (LA or LB) and
whether they are also Bronsted acids and bases (BA or BB) as appropriate

0: <OH
® ﬁ T H,O / NaOH
LX) H —
a) . A CHZ_C_CHs

HO . H_CH2_C_CH3
/ <0:  LA/BA
¢ @ oK)

Lé;BB LA/BA
. 18BB  ©sg: 7 NHAMH
le ooo

o e ” 0 = C— I
CH,—C—CH, CH=C—CHjy

b) ,,J\/\LO»/\)L

NON :O: LA/BA 'O‘ oo LB/BB
° ° .O.
/\/MJ&/\ A
H
oO- * i< + Q'
&y /\f‘? G: "Q'J\/\
H ‘.
LB/BB '3 HA/\HV
i H LA/BA
/\):(i) 1. LIAIH, :OH
H
% >Cls 2. H30* /\)
H % \ .. H
— — ° o H——O®
H=Al=H 10 @(\ \
H O, o)



5. NAME

CHM 234, FINAL EXAM PRACTICE TEST #1

Question 6 Provide the missing major organic products, or reagents/conditions, or organic
reactants, as appropriate. Do not forget to include stereochemistry as appropriate

unless specified otherwise.

1. PBr3 HO
OH 2. Mg.THF (%)
a) >
3. CHzCHO
4. H3O+
NC—=——-=~CN
) :@ heat > A o
Diels-Alder CN
Q2 Ph_ OH
1. PhMgBr
c) >
2. H3O
OH
O 1. LiAIH,
d >
) o 2. H;O*
OH
0 '\f/
e) )j\ CHgNH, - é imine
H+ (cat.)

Cl i O>I=O

0 HO Ph 0

f) >
acids react with acid
chloride to give an anhydride




CHM 234, FINAL EXAM PRACTICE TEST #1 e NAME

Question 6, contd.

° H, / Pt o
9) _ -
remember Pt is a catalyst that does the

same thing as Pd/C and also Raney Ni

1. NaH

h) /\/\/OH - /\/\/O\/
2. EiBr
H
O N,H,/KOH
i) >
Br heat HO

Wolf-Kischner, the -OH from the KOH will also do an SN2 with the benzyl bromide

0] O

CHs CO/HCI/AICI, CHg
K) /©/ -
H3C H3C

substitution in any position gives exactly the same product

ll\l 1. Excess Mel N
1) /Y g > /\6 —— /w + NMe,
HP@OH

2. Ag,0/heat

you do not have to show this
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CHM 234, FINAL EXAM PRACTICE TEST #1 -7- NAME

Question 7) Protonation of the alcohol below results in loss of water as a leaving group to
generate a cation that undergoes an electrocyclic ring closing rw%%md not be necessary for

you to draw both resonance

+OH, 1 node contributors, you can draw one
only
+ > - Hzo H
3

conrotatory racemic (&)

a) give the curved arrow-pushing that accounts for electrocyclic reaction

b) draw the electrocyclic product, paying special attention to relative stereochemistry of any
substituents

c) in the product(s), indicate the locations of any chiral (asymmetric) carboris atoms with the*
symbol, and state whether the product(s) are racemic, a meso compound or achiral

d) ON TOP OF THE CATION STRUCTURE, give a drawing of the HOMO

e) state the number of vertical nodes and clearly indicate their positions

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

T H;Ot, heat

O @)
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CHM 234, FINAL EXAM PRACTICE TEST #1 -8- NAME

Question 9) Show how you would make the target componds on the right from the starting compounds on
the left. Show reagents and conditions where appropriate, and the structures of important intermediate
compounds. Do not show any (arrow pushing) mechanisms. If necessary, you must indicate steps that
require separation of isomers

a) C*NHZ
MgBr (”)

NBS, h\/i MQTHF 1. COZ T NH3

\2.:|30+
Br / CN CO,H cocl

Na*~-CN H;O*/heat SOCl;,
E—— e

Cl

OoN .
b) separate isomers

O
AICI l )I\
Cl
T HNO,

H,S0,
Cl \ cl
AlCl, Zn(Hg)/HCIH,0

'



CHM 234, FINAL EXAM PRACTICE TEST #1 -9- NAME
Question 10) Show how you would make the target componds on the right from the
starting compounds on the left. Show reagents and conditions where appropriate

and the structures of important intermediate compounds. Do not show any (arrom;
pushing) mechanisms.

1. MeMgBr conc. H,SO,
: OH PCC > < 2. |-|30+ > < heat

1. Hg(OAc)2/H20
Br K*+-O-t-Bu

1. MeMgBr
2. NaBH,/EtOH HO
b) —/ — . >_

PCC : 2. H30+ ‘

Question 11) Give a curved arrow pushing mechanism for the following reactions

SHOW WHERE ALL PROTONS COMES FROM AND GO TO (no +H*/-H*) (assuem that H-Cl is
completely dissociated in methanol

DRAW ALL RESONANCE CONTRIBUTORS for the intermediates as appropriate

At each INTERMOLECULAR step, INDICATE THE Lewis acid and base (LA or LB) and whether
they are also Bronsted acids and bases (BA or BB) as appropriate

Add hydrogen atoms and non-bonding electrons where appropriate

.. MeOH (solvent) ..
OH H———— 0
/O® HCI (cat.) te
1888 |/ e
b ﬁ/H LB/BB H H
H H H
LB/BB
Me_ _H
..O..
LB/BB
H
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CHM 234, FINAL EXAM PRACTICE TEST #1 -10 - NAME

Question 12) Disconnect the indicated bond according to the method of retrosynthetic analysis,
generate the synthons and convert these into "real reagents", or "synthetic equivalents".

90. o . e o o
Q- Ot : LN Ko h
— /‘@ N l S l synthons
I:' e.o
4 -
0! O.

synthetic
+ ® o equivalents
H Na ©O-

Question 13) For the Bronsted acid/base reaction below, label the acids/bases and which are
stronger and give a brief explanation, give the curved arrow-pushing in both directions, draw a
reaction energy diagram and include a drawing of the transition state, indicate which reaction is
faster (left to right or vica versa) and on which side the equilibrium lies

H /CHS slower ® H ,CH,
H,C—C=N: + S~—= H,C—C=N—H b,N=c\
weaker base \_# H \‘5 “CHs faster A) : CHs
stronger acid
weaker acid 9 stronger base
energy equilibrium on THIS side H /CH3 +
®

\
/_\ _ —“_N=C
A ¥ HsC—C=N----H \CH,

>

reaction coordinate

the weaker base has lower energy electrons in an sp hybridized atomic orbital compared to
an sp2 hybridized atomic orbital in the stronger base



CHM 234, FINAL EXAM PRACTICE TEST #1 -11 - NAME

Question 13) Synthesize the (target) molecule on the right from the starting molecule on the
left. this can not be done in one reaction. Give reagents and conditions and the intermediate
molecules at each step. Do not show any mechanisms or transient intermediates.

® 8
NBS/h)v/ |
; h“‘éﬂ\ Q
Br ©3 C\ P
1. Mg.THF N
2.CO, |
3 H,O* 0
1 He -
Q/C% i “~ci / |

Question 14) Provide the major organic product of the following reaction and classify it as an
Aldol or a Claisen reaction

O Ph
0 Q TSOH (cat.)/heat Ph

> ALDOL
ph)l\/\/\/u\ Ph

Question 15) Provide the reactants/reagents/conditions to for the provided product and state
whether the reaction is an Aldol condensation or a Claisen reaction

o 0O o©
)J\ 1. Na+—OMe/MeOH
OCHy Ph
excess 5 H3O+
0
PhMOMe 1. NarOMe/MeOH CLAISEN
0 2. H;O+

Question 16) Explain why electron donating substituents on a benzene ring increase
reactivity in electrophilic aromatioc substitution, whereas electron donating groups on a C=0
gewnerally decrease reactivity in nucleophilic addition, e.g. reaction with Grignards.

in electrophilic aromatic substitution, benzenes are Lewis bases (donate electrons) in teh rate
determining step, electron donating groups raise the energy of the electrons in the benzene,
increasing rectivity

in nucleophilic addition to C=0, the carbonyl acts a as a Lewis acid (accepts electrons), electron
donating substituents make the carbonyl carbon a weaker Lewis acid, decreasing reactivity



CHM 234, FINAL EXAM PRACTICE TEST #2 -2- NAME

START OF PRACTICE TEST #2

Question 1) Provide IUPAC names for the following structures, do not forget to use E/Z and
R/S as appropriate.

named as an aldehyde g

3
a) 6/\4/\)1]\H hex-(3E)-enal

5
2
. named as an acid
b) 8 7 _ //ﬁ"
COxH (2S),5-dimethyloct-(5E)-enoic acid
6 5 2 1
4 3

Question 2) Provide a curved arrow pushing mechanism for the following reactions (indicate LB/LA
and BB/BA as appropriate). For any resonance stabilized intermediates, include all relevant
resonance contributors, INDICATE WHICH IS THE MAJOR CONTRIBUTOR and explain WHY, and
draw an "actual" structure using the "delta" notation to indicate partial charges. Indicate which
would be the major product under conditions of kinetic control and which under thermodynamic
control, give a BRIEF explanation for your choice that metions temperature.

LB B “Br
Bra ot ignore
e N, ? + stereochemistry
:.B.r _.B.r: LA ° e e
d ) slower | ,. @ faster

° ] @ o0
® ' ® -.B!-> B %
° or. @ (

"actual” e <>
actua o .r. LA o .r’

MINOR MAJOR
formal positive charge on

more substituted carbon

under thermodynamic control, higher temperature, the reactions are reversible, and, even
though B is formed faster, eventually the more stable (more substituted alkene) product A
accumulates and becomes the major product

under kinetic control, lower temperature, the faster reaction of the resonance stabilized
intermediate gives B as the major product, since the reactions are irreversible



CHM 234, FINAL EXAM PRACTICE TEST #2 3. NAME
Question 3) Rank in order of increasing basicity and give a brief explanation

..,H ../H
A</:> B</:N) c{D A < B< C

basicity is determined by the energy of the non-bonding electrons, the higher the energy the
stronger the base, in these cases electron energy is determined by the extent of resonance
delocalization, the electrons in C are not delocalized at all, those in B are delocalized via 1
additional minor resonance contributor (not shown), A has 2 additional minor contributors,
thus C is the most reactive and A the least

Question 4) Rank the following hydrogens Ha, Hb and Hc in order of increasing Bronsted acidity, draw
structures of the relevant conjugate base anions to support your reasoning andfgive a brief explanation

03 .o Hoz ic < _Ha < _Hb
HaO HaQ acidity in this case is determined by the
. extent of resonance stabilization in the
o conjugate base anions, the more resonance
H.O H,Q contributors the lower the energy of the non-
bes O :OH.. bonding electrons, more stable the base
20 <+ anion, the more acidic the acid

no resonance stabilization, least stable base

o, o . Qe L .
Q 0. H.Q H.QO
> Q @(.\ >
o 0 Q- o
‘QH; ‘QH.

Q
:QH.
2 resonance contributors, more 3 resonance contributors, 2 with charge on oxygen,
stable anion base most stable anion base

Question 5) In what way is the Lewis acid/base description of reactions idifferent from the
nucleophile/electrophile description?

the definition of Lewis basicity and acidity is thermodynamic, the most exothermic reaction
corresponds to the strongest acid/base, the definition of nucleophilicity/electrophilicity is based on
kinetics, the fastest reaction corresponds to the strongest nucleophile/electrophile
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CHM 234, FINAL EXAM PRACTICE TEST #2
Question 6) Indicate which of the following two reactions, A or B would be faster. GIVE AN
EXPLANATION THAT INCLUDES A DISCUSSION OF THE EXOTHERMICITY OR
ENDOTHERMICITIES OF THE REACTIONS (only 1 point for the correct answer, 9 pts for the
explanation, include the term "energy of the electrons" in your explanation)

=>_- . MeOH — XIC)
A Br: — »®  + Br:
— e heat —— °°

LN MeOH L] .@
B Brs —)h : ® 4+ :Bre
LN ea L] ..

both reactions are endothermic, but reaction A is more endothermic since it makes a
less stable ANTI-AROMATIC cation (or non-aromatic if it can twist enough), reaction B
is less endothermic since it makes an AROMATIC cation, reaction B is thus faster

Question 7)
a) Give the structures of the best anion and alkyl halide pair that can be used to form the

provided ether (this is a Williamson ether synthesis).

Yo — e

b) Give the structures of the amine and the carbonyl compound that can be used to make the
provided amine in a reductive amination, you should also add the reagents/conditions to the
reaction arrow (you can specify reagents for either an indirect or a direct reductive amination)

O H H
\N TsOH (any organic acid) G/N\O
+ 2 > o
< / H \O NaBH;CN

or for an INDIRECT reductive amination the reagents would b:
1. H+ (cat.) 2. any of several reducing agents such as H2/Pd/C etc

c¢) Give the structures of carbonyl compounds which could be used to prepare the
following using an Aldol or Claisen type reaction and also provide example reagents and

conditions 0 O O
)J\ 1. Nat ~OMe/MeQOH
Ph” ~OCH, * OCH,4 —_— Ph OCHj,4
Ph 2. H O+ Ph
0 OR 0

Ph/u\ - HSCOJ\OCHS

Ph
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Question 8) Provide the missing major organic products, or reagents/conditions, or
organic reactants, as appropriate. Do not forget to include stereochemistry as
appropriate unless specified otherwise.

1. SOCI, makes acid Chlorlde
0 k hydrid ’<—\
makes anhydride
HOJLv/\\
NaOEt
heat
nothing else for it to react with must be an Aldol
o) OH
NaBH,

O hydrolysis of an amide

1. “OH, H,0, heat
) )k/\/\
2. H30* (neutralize) HO NH

1. Mg.THF

2.D,0
Grignards react with -O-H
bonds (and -O-D bonds!)

>

EtOH

><:>_/ Nazcr207/H2804/H20 ><:>%OH
—>
3° alcohol can't be oxidized HO O



CHM 234, FINAL EXAM PRACTICE TEST #2 o NAME

Question 8, contd.

X heat
9) | >
G (electrocyclic closure)
NH, L _CFs
h) f CF3 (%)

>
N heat

O HO

o 1. Excess EtMgBr
. —_—
) 2. Hy0*
O
0 N/
H N
i) Cl > |\

) 0 EtOH HO okt
%
) AV HCI
adds to most

substituted side
when protonated
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CHM 234, FINAL EXAM PRACTICE TEST #2 -7 NAME

Question 9) Show how you would make the target componds on the right from the starting
compounds on the left. Show reagents and conditions where appropriate, and the structures of

important intermediate compounds. Do not show any (arrow pushing) mechanisms. If necessary,
you must indicate steps that require separation of isomers

0 3
N
\/\)]\OH N P
1 LiAIH, LA, \ 2 HyO*
2 H3O+ O
/\/\/U\N/
\/\/\ H |
© H
¢ PBrj CH3NH2T
1 Mg.THF O sOCl, o
\/\/\ _— e
3 HgO*
CO,H

)]\ AICl, O
o]

1. Mg.THF
2. CO,
Br

Br 3. H;O*
Brz, hv
separate E— —
isomers [\
HO OH



CHM 234, FINAL EXAM PRACTICE TEST #2 -8- NAME

Question 10) Draw the complete arrow pushing mechanism for the following reaction. Indicate the Lewis
acid/base at each step, and if they are also Brgnsted acids bases. Add non-bonding electrons as
necessary. Draw the ALL important resonance structure of the intermediates

DCI/D,0 = deuterated HCI in heavy water, D,0, acts just like any acid in water, but shows you which
protons come from the aqueous acid medium

ID
£> Pox

Question 11) Give the product of the following Bronsted acid/base reaction, give the curved
arrow pushing and give a BRIEF explanation for your choice of reaction product

ll-l. ‘A ﬂ ||_|. H\®/H
N]' H-Br N]' N
( | ( | | ﬁ not formed
° N 'N ° N_II
BY” * H ® :

the non-bonding electrons A are part of the aromatic system and are thus less reactive than
the electrons B, the product of reaction of electrons A is non-aromatic and higher in energy
than the product of reaction of the B electrons



CHM 234, FINAL EXAM PRACTICE TEST #2 -9- NAME

Question 12) Show how you would make the target componds on the right from the
starting compounds on the left. Show reagents and conditions where appropriate,
and the structures of important intermediate compounds. Do not show any (arrow

pushing) mechanisms.

OH CO,H
NES. BrK+_O . 1. BHy. THF Na,Cr,0, 2
a) » [V é --bu 2. _OH/HZO§ H2804_| G

HB NG /
r B )
b) ROOR ' PhCC-*Na ~ \_ HplLindlar

Question 13) Draw the complete arrow pushing mechanism for deamination of cytosine to
ive uracil. Indicate the Lewis acid/base at each step, and if they are also Brgnsted acids
ases. Add nonTbondmg,electrons as necessary. Draw the ALL'important resonance

structure of the intermediates. This is an acid hydrolysis mechanism that is veryt similar to

many we covered in class

H SO
LA/BA I—?’O}H /1 NH, LB/BE

PASREN
’ .
,ooo\
e Ue 1
II 1

I

= oo H H3O+ ! - l’\],H
cytosine > uracil
. /J\O y H,0 H/KO
/

{\ . \H
@o-H / OH

..H
N
Bt |
H/J*o LA/BA K\NH f@\N/H
LABA K Ko
LB/BB i N 0 N™ =
H H

/ . H
® NH, N';'/ \ B \ -} LB/BB
LA ~
f@\N
'N'/J\.o"
e

© . 7
LA/BA . ’/\,-O’H [\ H\A H 5 /
N So24 TH HN OH | gms HsN’/ OH
.o H .o H .o H
S
[Nige) N o [Nige)
H H

H
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CHM 234, FINAL EXAM PRACTICE TEST #2 -10- NAME

Question 14) Draw the complete arrow pushing mechanism for the following reaction.
Even though we have not seen this one it just uses principles that we have seen. (hint:
start by doing two consecutive Sy2 reactions at the benzylic carbon)

) Br. 0.
HQ. RN H
Excess NaOH
%

©
N2y 52
Q\O/ C; ¢ H
H
OH
OH — > (/

Question 15) For the following cation, draw all reasonable additional resonance contributors
including appropriate curved arrow pushing, and on TOP of the provided structure, draw the
HOMO using "p A.O." notation we used in class and CLEARLY INDICATE ANY VERTICAL
NODES, AND state the number of p A.O.s involved, the TOTAL number of pi-molecular orbitals
that are possible and the number of electrons in the pi-system

B o -

node 5 p A.O.s thus 5 pi-M.O.s, 4 electrons in the pi-system, HOMO has 1 vertical node

Question 16) Assign the following structures as aromatic, non-aromatic or anti-aromatic andf give
the number of electrons associated with the conjugated systems, assume that the structures are
as planar as possible

/ /—\®
-9 N N N—Me
*—Me \ N\ /
ti aromatic
ot 6 electrons
6 electrons 4 electrons

non-aromatic
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Question 17) Synthesize the (target) molecule on the right from the starting molecule on the
left. this can not be done in one reaction. Give reagents and conditions and the intermediate
molecules at each step. Do not show any mechanisms or transient intermediates.

o \p/NHCHs
HO 30+
H+* (cat.)

1. CH3NHy/H* ( cat
@) O

3 \) 2, H2/Pd/C g \)

Question 18) Alkenes react with ozone, O, to form an ozonide, an example reaction with trans-2-butene
is shown below.

1 node ggf\ oo suprafacial/suprafacial is allowed
SN
ozone B &
N + A
/ —> racemic (%)

trans-2-butene

1 node /

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

b) draw the ozonide, paying special attention to relative stereochemistry of any substituents

¢) indicate the locations of any chiral (asymmetric) carbons atoms with the * symbol, and state whether
the ozonide is racemic, a meso compound or achiral

d) give drawings of the HOMO and LUMO, ON TOP OF OZONE and trans-2-BUTENE, respectively

e) state the number of vertical nodes for each MO and cleariy indicate their positions

f) state whether the allowed reaction is suprafacial/suprafacial or suprafacial/antarafacial and give a brief
explanation

suprafacial/suprafacial is allowed becasue this allows bonding interactions (i.e. in phase,
shaded overlapping with shaded and non-shaded overlapping with non-shaded) to make
both new sigma bonds at the same time in a concerted reaction
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START OF PRACTICE TEST #3

Question 1) Provide IUPAC names for the following structures, do not forget to use E/Z and
R/S as appropriate.

named as an aldehyde

S)-dimethyl-4-oxopentanal

b) o
\© phenyl benzoate
o)

Question 2) Give curved arrow-pushing mechanisms for the following reactions. Indicate the
Lewis acid and base and Bronsted acid and base at each step as appropriate. Show where every
proton comes from and goes to (i.e. no +H+ and -H+). The first reaction is a transesterification (we
mentioned this in class but did not really cover it properly, until now!). Transesterification
transforms one ester into another, as shown.

LA &0 Na* -OMe/MeOH 0
a’ e/Me o,
a) \)J\O/\ R \)]\.0./ + Ng) :.O.-/\

e 9

B =5 /
Me O it is a simple as that!!
(; .

0. 0
b) /\)J\CI.: HQ Ph > /\)J\O/”\Ph + HCI

Ph:jj)\:o/H |
i \ T

LA/BA O ©-.~* LB/BB
M\CI. /\)J\{\ H\/.C'I
Y )\

Ph O” Ph
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CHM 234, FINAL EXAM PRACTICE TEST #3 3- NAME

Question 3)

a) Give a curved arrow-pusing mechanism that describes formation of the two reaction products,
indicate the Lewis and Bronsted acids and bases at each step as appropriate and identify which
product is more likely to be formed under kinetic control conditions and which under
thermodynamic control conditions and WHY!

LB/?@ 1 Equiv. HBr 1?.>C>
> +

kinetic
product

1Be

thermodynamic
product

MAJOR, because the positive charge is on the most substituted
carbon, positive charge is stabilized by substituents

the thermodynamic product is more stable because the alkene is more substituted, the kinetic
product is formed faster because there is more positive charge in the intermediate cation on the
carbon the bromide adds to to form this product
b) Include resonance contributors for intermediates as appropriate, and indicate the MAJOR CONTRIBUTOR and
WHY it is the major contributor
Indicate which would be the major product at high and low temperature conditions and state WHY
kinetic product favored a low temperature because udner these conditions the eractions
are more lilely to be IRREVERSIBLE, and so the product that is formed fastest forms in
the highest concentration. At higher temnperatures the reactions are more likely to be
REVERSIBLE, and under these conditions the more stable thermodynamic product will
eventually accumulate

c) Draw a properly labelled reaction energy diagram for these reactions ON THE SAME DIAGRAM
identify the positions of the starting structure, the intermediates, locate the positions of the
transition states but do not draw them and indicatethe rate determining step

A ¥
Energy rate detn.

step \

+

reaction coordinate
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Question 4) Rank in order of increasing rate of reaction with a Grignard reagent and give
a brief explanation, AND ASSIGN EACH FUNCTIONAL GROUP

e%er ket8ne amidg very acidézhloride
A B c strong D D weak W
O D G m ) h e e
strong D weak D Slow fast slowest fastest

Grignards are Lewis bases/nucleophiles and will add to the carbonyl carbon, C=0. The carbonyl
carbon thus accepts electrons in this reaction. The C=0 is a simple pi-system with substituents.
Donating substituents decerasethe ability of this carbon to accept electrons, withdrawing
substituents increase the ability of this carbon to accept electrons. The acid halide is most
reactive, fastest, due to the -Cl withdrawing group, followed by the ketone with 2 weak donating
groups, followed by the ester with a stronger -OR donating group, the slowest is the amide which

has the strong -NR, donating group.

Question 5) Rank in order of increasing rate of reaction in a Diels-Alder reaction and give an
explanation that includes the terms HOMO and LUMO

weak donating

O

weak donating A weak donatmg strong donating ¢

A < B < C

Diels-Alder reactions go faster with stronger donating groups attatched to the conjugated pi-diene,
donating groups raise the energy of the electrons in the HOMO of the diene, decrease the energy

gap between the HOMO and the LUMO of the dienophile

-OCH8 is stronger than -CH3, thus C faster than B which is faster than A

Question 6) Draw the complete arrow pushing mechanism for the following reaction. Indicate
the Lewis acid/base for each INTERMOLECULAR step, and if they are also Bronsted acids
bases. Add non-bonding electrons as necessary.

LiAIH,4 H
H
ek
SN, with a
Walden

inversion)
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Question 7) Provide the missing major organic products, or reagents/conditions, or
organic reactants, as appropriate. Do not forget to include stereochemistry as
appropriate unless specified otherwise.

1. Bry/FeBrs can't used NaCN method
> Ma.THE here, can't do SN2 at sp2
b) /©/ 5 C?) > hybrid carbon
MeO Y

4. HyO* MeO
CO,H

1. HBr/ROOR
2. NaCN

) ANF a > Ao~ NHz
3.LiAIH,

4. HyO*

(0]
n,, Na+~-OEt
d) —_—>
EtOH
O _ OH
)j\/\/COQCHS 1. Excess LiAIH, )\/\/CHQOH
¢ 2. HzO*
®
NH, < NMeg

1. Excess Mel
f) — Ve — + NMey
2. Ag,O/heat ®oH

you do not have to show this
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Question 7, contd.
0 EtO_O

Q 1. NaOEt/EtOH o
J\/\/\/u\ —— > (laisen
9 Eto OFEt

2. HyO*

h) Me\@\ 1. KMnQ,4, ~OH, boil HO?C\@\
>

t-Bu 2. H;0* t-Bu

CN 1. LiAIH, NH,

i) >

2. HyO*
0
O

@)
1. LDA _
—>
2. AP (#)
OH O
k) Excess PCC/CH,Cl, -




CHM 234, FINAL EXAM PRACTICE TEST #3 -7- NAME

Question 8) Show how you would make the target componds on the right from the starting
compounds on the left. Show reagents and conditions where appropriate, and the structures of
important intermediate compounds. Do not show any (arrow pushing) mechanisms. If necessary,
you must indicate steps that require separation of isomers

Br

Qi/ FeBrs;

separate
Br Br AlCl3 Br isomers
Cl
(0]
b)  Ph” “OH ph/\lcl;/ \ﬁ/\
(0]
PBr
PR Br O ©
Mg.THF
~N~—Cl
P 1. CO, A~ SOCl, Ph ﬁl
Ph COOH ——mm>»
Ph MgBr 2. HyO* 2 0
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Question 9.) Rank the energies of an electron in each of the following -molecular
orbitals. Give a BRIEF explanation for your choice.

T og
o

< D <A < B

lowest energy highest energy

an electron will be lower in energy the bonding interactions in the molecular orbital,
and higher in energy the more antibonding interactions, orbital D is non-bonding

Question 10) On each side of the following equilibrium, identify the stronger and
weaker acid and base, identify which acid would have the LOWER pKa, indicate

on which side the equilibrium would lie, and give a brief explanation for your
choices.

0. O qox :0:
@o AN P @.

stronger base ~ Stronger acid weaker acid weaker base
smaller pKa larger pKa

The pair of nonbonding electrons on the deprotonated ester are destabilized by
additional oxygen atom that acts as a donating group to destabilize the enolate
anion, compared to the weaker alkyl group in the ketone. The eniolate anion
from the ester thus has higher energy more reactive electrons is thus the
stronger base, corresponding to the weaker acid.

Question 11) Why do two hydrogen atoms react to make a hydrogen molecule? This is one

of my favorite questions to ask at a chemistry PhD oral defence you would be surprised how
few satisfactory answers | get!

in the molecule the electrons are in a bond, in a bond they have lower (kinetic) energy
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Question 12) Show how you would make the target componds on the right from the
starting compounds on the left. Show reagents and conditions where appropriate

and the structures of important intermediate compounds. Do not show any (arrow’
pushing) mechanisms.

NBS, h 1 BH3. THF
a)\)\ : \)<3 - \)\ _OH/HZOZ

HO
1. PhMgBr conc. HySO, Ph Br
py ~OH PCC O 2.H, 0+ HO_ Ph — | Ph HBr \K

ive the reagents/conditions you would use to make
following ketone usin

the order of
addition of the
bromides ¢
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Question 15) Give a curved arrow-pushing mechanism for the two parts of the following indirect
reductive amination.

{0 H \.l\] .Me
01 1. MeNHy/HCI (cat.)
—>
A~ 2. LIAIH, AN
3. HyO*

a) First, the mechanism of formation of the imine intermediate structure (i.e. the reaction below),
you can use the abbreviated +H* and -H* notation for this part of the mechansim

oo . -Me
& +0- MeNH,/HCI (cat.) N
. _) with amine addition to C=0 w

A ou can either protonate the
MeNH, y C=0 first and then the 1( / /N.\H

amine attacks, or have the
amine attack the C=0O then N\H
protonate, both are OK f
:0:0 ..
NG o)
/\/{\ -H* "0 +H -0 +H* OH2
_> —)
SN—H /\/i\ /\/!\
Me™ N~H N—~H N~H
H Joe Joe Joe
Me Me Me

b) Second, the reduction to the amine, shown below, you MUST show exactly where each proton
comes from and goes to here, no +H* /-H* notation

H ..,Me
. .Me ~N
°N

X 2. LiAlH, /\)\
A~ L e ™

HC?A:\HI—HKJ \EO‘JHq /
©) 'I\],l\/le
AN

H
Question 16) Give a curved arrow-pushing mechanism for the following reaction, show where every
proton comes from and goes to, no +H*/-H*, indicate the Lewis and Bronsted acids/bases for each
INTERmolecular step. o

s .O.
| HCI cat./H,0 I
LB/BE . c—G=CH, 2y HgC—C—CH,
H
l \r 3P LA A / 5 H LB/BE
y .
2 H ® o'e |
o @o—Hg‘- H

—Cc— I
IHSC o e = Hec—C— CHQI
- LABA 1y
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Question 17) For the following elimination reactions
a) Indicate which is the major and which the minor alkene product

I< J:/ +J_/ + HO
+ OH —>
@ NMeS + NMes

minor major

b) State whether the major product is formed as a result of kinetic control or thermodynamic
control, give a BRIEF one-sentance explanation

kinetic - the less stable alkene forms because it proceeds via the lower energy transition state,
i.e. the one that puts the negative charge ion the least substituted carbon

c¢) Draw a reaction energy diagram for formation of both products on the SAME diagram

A

energy

_/_(D(NMG3

—OH

e
-~

- E?
reaction coordinate

Question 18) Draw the complete arrow pushing mechanism for the following reaction.Add
non-bonding electrons as necessary. Draw the resonance structures as appropriate

— U3
o 7

@)
£ f 4
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START OF PRACTICE TEST #4

Question 1) Provide IUPAC names for the following structures, do not forget to use E/Z and
R/S as appropriate.

named as an aldehyde

a) (2R,3S)-dimethyl-4-oxopentanal
OH
Br.2 5 named as a substituted phenol
b) 2-bromo-5-nitrophenol
3
% 5 NO;

Question 2) Rank the following in terms of increasing rate of reaction in a base catalyzed
hydrolysis reaction (addition of water in the presence of hydroxide) and give a brief explanation

07 Me H 047 Me H 047 H i-Pr OA? i-Pr

Me
A SlOW >Q<SIOW|Sh” 7Q<fastest >Q( Slowest
Q H Q i-Pr Q
D

Me Me Me 5r

o o @l L]
&y B~ :OH C0oH :OH
OH b . AT B - cC

The rate determining step is reaction of hydroxide as Lewis base in an Sy2 type attack on
carbon of the Lewis acid epoxide. This process is subject to steric hinderance, hence the
order given.

Question 3) Rank the following in terms of increasing energy of an electron in the HOMO of the
following dienes. Give an explanation which also states which would react faster in a Diels-Alder
reaction

ﬁ moderate W strong D

moderate W

sgllasiihee

g .

strong D A weak D B weak D C
B « A . C

Each diene is substituted by either electron donating (D) or withdrawing groups (W) as

indicated. Donating groups raise the electron energy, W decrease electron energy in
the dienes. has the highest energy HOMO, would react fastest in a Diels-Alder reaction
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Question 4) Rank in order of increasing rate of reaction with an acid chloride to make an
amide, give a brief explanation.
O

N NP2 oo acid chioride= {1

PN
(\/ -,\-I/H —2 R™ ClI
A B
C C < B < A

not resonance stabilized

MOST resonance stabilized

this is a reaction between an amine and an acid chloride to make an amide, the amine is the
LB/nucleophile, the acid chloride the LA/electrophile, from A > B > C the non-bonding
electrons on the N are increasingly resonance stabilized, less Lewis basic, less nuclephilic,
less reactive, react slower

Question 5) Give a curved arrow-pushing mechanism for the following reaction, indicate the Lewis
and Bronsted acids/bases for each INTERmolecular step, include all important resonance
contributors for |ntermed|ates and give the number of steps in your mechanism:

BB O
/H‘O—} HCI cat.
LA/BA 2 p LB/BB

X H

)

LA/BA -.O ~H

@NQN

b) Is this reaction exothermic? Give a brief explanation

1°H2

Yes, because the conjugation in the system increases (the double bond becomes

conjugated with the benzene ring) and also because the alkene becomes more
substituted

Draw a properly labelled reaction energy diagram for this reaction, identify the locations of the

transition states (do not draw them) and the locations of the various intermediates in your
mechanism

Energy A

» Reaction Coordinate
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Question 6) The purpose of this question is to determine whether the provided product is allowed
or forbidden.

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

2) How many electrons are involved in the reaction? 6 electrons

3) FOR THE REACTION SHOWN (which may or may not be allowed), would the ring closing
be disrotatory or conrotatory? Conrotatory

4) FOR THE REACTION SHOWN (which may or may not be allowed), would the transition
state be Huckel or Mdbius? Mdbius

5) Is THE REACTION SHOWN allowed or forbidden? Forbidden

Note that that these questions ask whether the reactions SHOWN go via Huckel or Mobius
transition states. To form the product above the reaction would have to go conrotatory and
Mobius transition state, whereas the allowed reaction is disrotatory and Huckel.
Question 7) Draw the complete arrow pushing mechanism for the following reaction.
Indicate the Lewis acid/base at each step, and if they are also Brgnsted acids bases. Add
non-bonding electrons as necessary. Draw the ALL important resonance structure of the

intermediates and do NOT use the abbreviated +H*/-H* notation

HOX
RARWE N
2 02 Hom,o
H @ H ————— = QH
LB/BB ABA
\'n pid
/ LBBB ® {' LABA (5 OH
— ) é <>
®
o &

/_| LA/BA H OH
N\ x \ J LaBA ® /—'

0
¢ — 3 HANy -
oy AN — ®o"ﬁ> i fJHL-. OH
)0 E:
H LB/BB
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Question 8) Provide the missing major organic products, or reagents/conditions, or
organic reactants, as appropriate. Do not forget to include stereochemistry as

appropriate unless specified otherwise.

MeNH,/H*

NaBHzCN

1. Mg.THF

MeNH

OXH

reductive amination

2. 1>

0
3. HzO*

o)

>

Zn/Hg/HCI/H,0

(can't use Wolf-Kischner, the OH would
do SN2 on the benzylic bromide)

1. Mg.THF
2.CO,

0 )]\
Cl
AICl5
O~ strongest D
group wins
O

3. HyO*

must use Grignard, don't want to do
SN2 on secondary bromide

1. NaCN

2. LiAIH4
3. H3O*/heat

Oﬂsr

SRS
=
oo
w
J
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Question 8) contd.

H,N OH

o O 1.1 Equiv. NHg/H+ (cat.)
h) J\/\/”\ > K/\)\(i)
H 2. LiAIH,

aldehyde more reactive towards amine
3. H3O* (workup)  than ketone

0] 0 1. 1 Equiv. PhMgBr OH 0]

I PP > ()
o~ 2. HzO* (workup, no heat) o~

workup = mild acid, no ester hydrolysis

Ph

aldehyde more reactive than ester

O o 1. Excess LiAlH, OH OH OH
i >
) U 2. H30O* (workup) W

0]
O 1. NaOEVEtOH
9 - >
excess 2. H3O*

Br 1. Na*~CN CO.H
HO - M3 HO

must use cyanide method, Grignard
would react with the -OH

O
H . ~H
m) N 1.LiAIH, N reduction of amide
> to form amine
2. H3O0*

crossed Claisen
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Question 9) Show how you would make the target componds on the right from the starting
compounds on the left. Show reagents and conditions where appropriate, and the structures of

important intermediate compounds. Do not show any (arrow pushing) mechanisms. If necessary,
you must indicate steps that require separation of isomers

a)
© separate isomers

Bro/FeBrs
Clo/AICI3 o

I

Zn(Hg)/HCI/H20
—

1. L|AIH4

/ NBS/hv
S8 OC\T/
¢ Mg.THF /4
O H\N/
MgBr |

CO,H soc;| C<gy
1. 002
2. HyO*
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Question 10) Provide the ALCOHOL and the bromide and all other reagents/reactants
in proper sequence to synthesize the following ethers using a Williamson ether

synthesis
1. NaH
(or other base stronger than NaOH)
OH +
Br N—

2. \
1. NaOH

OH  (other bases may be used but best to 0
always use the weakest base that will work) N~

-

Question 11) The following reaction sequence represents a Hofmann elimination, give the
missing organic structures A and B.

HOO'Y H ®

NH, NMe
Excess Mel A920/heat @\ + NMey

Question 12) Give the major organic product of the folloiwng reaction, assume
THERMODYNAMIC CONTROL (ignore stereoisomers)

" B
ﬂ Br—Br . '

Qij 1 Equiv. Br,
>
Br B
®

bromonium NOT [

formed with diene,
cation is resonance
stabilized

Brev

Question 13) When we say that reactions are controlled mainly by the energy of the
electrons, how do we understand this statement in terms of reaction free energy?

reactions are controlled by free energy, which is divided into enthalpy and entropy, in most
organic reactions enthalpy dominates and electron energy is the major contributor to enthalpy
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Question 14) Show how you would make the target componds on the right from the
starting compounds on the left. Show reagents and conditions where appropriate

and the structures of important intermediate compounds. Do not show any (arrOV\;
pushing) mechanisms.

)
NN
S /\/\/N\O
1. BHg THF
_ ; H2N
2. -OH/H,0, O e (cat)
H,/Pd/C
PCC/CH,Cl,
SN NOH > /WO
H
1. CH3C07 *Na OH
MCPBA 2 Hy0* OH  Na/NHy()
\ e —_— —_— ___ Ph
Ph Y Ph
1. MeMgBr

5 H.O R conc. HySO,
+ o
@ MCPBA O> 3 O\ heat
—>
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Question 15) Show how you would make the target componds on the right from the starting
compounds on the left. Show reagents and conditions where appropriate, and the structures of

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

OjH (] |
PCC l T PCC
O 1. MeMgBr OH

2. H3O*

H
—>

Question 6) For the following equilibrium, indicate the strongest acid and base on EACH side (use
the provided pKa values), indicate which reaction is faster and which slower, and draw a reaction
energy diagram for the equilibrium, include a drawing of the transition state

o Z(HDZ slower .. 9 :9:
HOY 4 HC—C—CH; == M0 + H,C—C—CH,
°* pKa~19 faster pKa~15 stronger base
weaker base weaker acid stronger acid g
" t
Energy stronger HO- _H‘\ :ICI): ©
acid/base H,C—C—CH,

weaker
acid/base
» Reaction Coordinate

Question 17) Give the major organci product of teh following reaction. Remember that deuterium
(D) is an isotope of hydrogen that can be used to track what happens to specific hydrogens in a
reaction, you can assume that it reacts exactly the same as hydrogen for this problem

1. LiAlH,

2. D;O*
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Question 18) Give a curved arrow-pushing mechanism for the following reaction, indicate the
Lewis and Bronsted acids/bases for each INTERmolecular step, include all important resonance
contributors for intermediates, give the number of steps in your mechanism, indicate the Lewis
and Brionsted acids/bases for each INTERmolecular step, show where every proton comes from
and goes to (no -!-H:f/-H’f), add H atoms and non-bonding electrons as necessary

° " < (other structural and
e other structural an
HO H LA/BA NaOH/EtOH stereoisomers would also

& . — be formed in this reaction)
LB/BB heat

0}

LA/BA  LB/BB
LABA EtO—H

LA/BA

for the mechanism below you can use the +H*/-H* abbreviated notation

LB

.. 0] (0]
CHgNH, J A~ en
—> HO N
H

_H+
0]
3 H +H+ ®
dON/ —>» O J\/\/U\ J\/\/U\ ~-CHs
® CH3

0o

the order for these last protonation/deprotonation steps does not matter



