Problems for Chapter 2

PROBLEM 1

Draw good diagrams of saturated hydrocarbons with seven carbon atoms
having (a) linear, (b) branched, and (c) cyclic structures. Draw molecules based
on each framework having both ketone and carboxylic acid functional groups
in the same molecule.

PROBLEM 2

Draw for yourself the structures of amoxicillin and Tamiflu shown on page 10
of the textbook. Identify on your diagrams the functional groups present in
each molecule and the ring sizes. Study the carbon framework: is there a single
carbon chain or more than one? Are they linear, branched, or cyclic?

NH
“HHod i
= = _S [0}
HsC 0~ CH,
(0} N
a2 o = Hye” HNY
COH /& NH. Tamiflu (oseltamivir):
SmithKline Beecham’s amoxycillin H-C (o) 2 jnvented by
p-lactam antibiotic e Gilead Sciences;
for treatment of bacterial infections marketed by Roche
PROBLEM 3
Identify the functional groups in these two molecules
o\/\o/
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Problems to accompany Organic Chemistry

PROBLEM 4
What is wrong with these structures? Suggest better ways to represent these
molecules

o
H—CI2—C—NH = OH H
H |-|<i—|-| Me/:LL'—

H2C _N_|CH2 H
H2(|: ——CH, NH,
PROBLEM 5

Draw structures for the compounds named systematically here. In each case
suggest alternative names that might convey the structure more clearly if you
were speaking to someone rather than writing.

(@) 1,4-di-(1,1-dimethylethyl)benzene

(b) 1-(prop-2-enyloxy)prop-2-ene

(c) cyclohexa-1,3,5-triene

PROBLEM 6

Translate these very poor structural descriptions into something more realistic.
Try to get the angles about right and, whatever you do, don’t include any
square planar carbon atoms or any other bond angles of 90°.

() CeHsCH(OH)(CH,)sCOC;Hs
(b) O(CH2CH,),0
(€) (CH30),CH=CHCH(OCHs),

PROBLEM 7
Identify the oxidation level of all the carbon atoms of the compounds in
problem 6.



Problems for Chapter 2 - Organic structures

PROBLEM 8

Draw full structures for these compounds, displaying the hydrocarbon
framework clearly and showing all the bonds in the functional groups. Name
the functional groups.

(a) ACO(CH2)3N02
(b) MeO,CCH,OCOEt
() CH,=CHCONH(CH,),CN

PROBLEM 9
Draw structures for the folllowing molecules, and then show them again using
at least one ‘organic element’ symbol in each.

(a) ethyl acetate

(b) chloromethyl methyl ether

(c) pentanenitrile

(d) N-acetyl p-aminophenol

(e) 2,4,6,-tri-(1,1-dimethylethyl)phenylamine

PROBLEM 10

Suggest at least six different structures that would fit the formula CsH7NO.
Make good realistic diagrams of each one and say which functional groups are
present.






Problems for Chapter 3

PROBLEM 1
Assuming that the molecular ion is the base peak (100% abundance) what
peaks would appear in the mass spectrum of each of these molecules:

(a) C2HsBrO
(b) Ceo

(c) CeH4BrCl
In cases (a) and (c) suggest a possible structure of the molecule. What is (b)?

PROBLEM 2

Ethyl benzoate PhCO:Et has these peaks in its **C NMR spectrum: 17.3, 61.1,
100-150 (four peaks) and 166.8 ppm. Which peak belongs to which carbon
atom? You are advised to make a good drawing of the molecule before you
answer.

PROBLEM 3

Methoxatin was mentioned on page 44 of the textbook where we said ‘it
proved exceptionally difficult to solve the structure by NMR.” Why is it so
difficult? Could anything be gained from the **C or *H NMR? What information
could be gained from the mass spectrum and the infra red?

PROBLEM 4

The solvent formerly used in some correcting fluids is a single compound
C2HsCls, having **C NMR peaks at 45.1 and 95.0 ppm. What is its structure? How
would you confirm it spectroscopically? A commercial paint thinner gives two
spots on chromatography and has **C NMR peaks at 7.0, 27.5, 35.2, 45.3, 95.6,
and 206.3 ppm. Suggest what compounds might be used in this thinner.

PROBLEM 5

The ‘normal’ O-H stretch in the infrared (i.e. without hydrogen bonding) comes
at about 3600 cm-. What is the reduced mass () for O-H? What happens to
the reduced mass when you double the mass of each atom in turn, i.e. what is
p for O-D and what is p for S-H? In fact, both O-D and S-H stretches come at
about 2,500 cm 1. Why?




Problems to accompany Organic Chemistry

PROBLEM 6

Three compounds, each having the formula CsHsNO, have the IR data
summarized here. What are their structures? Without **C NMR data it might be
easier to draw some or all possible structures before trying to decide which is
which. In what ways would **C NMR data help?

(@) One sharp band above 3000 cm~ and one strong band at about 1700 cm~

(b) Two sharp bands above 3000 cm= and two bands between 1600 and
1700 cm™?

(c) One strong broad band above 3000 cm~ and a band at about 2200 cm~

PROBLEM 7

Four compounds having the formula CsHsO2 have the IR and NMR data given
below. How many DBEs (double bond equivalents—see p. 75 in the textbook)
are there in C4HsO2? What are the structures of the four compounds? You
might again find it useful to draw a few structures to start with.

(@) IR: 1745 cm2; 13C NMR 214, 82, 58, and 41 ppm
(b) IR: 3300 cm~? (broad); 3C NMR 62 and 79 ppm.
(c) IR: 1770 cm*; :3C NMR 178, 86, 40, and 27 ppm.
(d) IR: 1720 and 1650 cm (strong); *3C NMR 165, 133, 131, and 54 ppm.

PROBLEM 8
You have dissolved tert-butanol in MeCN with an acid catalyst, left the solution
overnight, and found crystals in the morning with the following characteristics.
What are the crystals?

OH H@

—_— ?

MeCN

IR: 3435 and 1686 cm1; *3C NMR: 169, 50, 29, and 25 ppm; *H NMR: 8.0, 1.8, and
1.4 ppm; Mass spectrum (%): 115 (7), 100 (10), 64 (5), 60 (21), 59 (17), 58 (100),
and 56 (7). Don't try to assign all the peaks in the mass spectrum.



Problems for Chapter 3 — Determining organic structures

PROBLEM 9
How many signals would you expect in the *C NMR spectrum of these
compounds?

D

HO\/\N/\/OH

N CO,H
Hozc/\N/\/ ~~ 72

p ©OH HO,C E



Problems to accompany Organic Chemistry

PROBLEM 10
When benzene is treated with tert-butyl chloride and aluminium trichloride, a

crystalline product A is formed that contains only C and H. Mass spectrometry
tells us the molecular mass is 190. The *H NMR spectrum looks like this:

Compound A

§ 7 e 5 4 3 2 1 " 0
PPM

If crystals of A are treated again with more tert-butyl chloride and aluminium

chloride, a new oily compound B may be isolated, this time with a molecular

mass of 246. Its *H NMR spectrum is similar to that of A, but not quite the same:

Compound B

s 7 6 5 4 3 oz 1 90
PPM
What are the two compounds? How many signals do you expect in the *C NMR

spectrum of each compound?
>‘/C| >‘/C|

—» A —>» B
AICI, AICI,



Problems for Chapter 4

PROBLEM 1

Textbooks sometimes describe the structure of sodium chloride like this ‘an
electron is transferred from the valence shell of a sodium atom to the valence
shell of a chlorine atom.” Why would this not be a sensible way to make sodium
chloride?

PROBLEM 2

The H-C-H bond angle in methane is 109.5°. The H-O-H bond angle of water is
close to this number but the H-S-H bond angle of HS is near 90°. What does
this tell us about the bonding in water and H:S? Draw a diagram of the
molecular orbitals in HS.

PROBLEM 3
Though the helium molecule Hez does not exist (p. 91 of the textbook explains
why), the cation Hez" does exist. Why?

PROBLEM 4
Construct an MO diagram for LiH and suggest what type of bond it might have.

PROBLEM 5
What is the hybridization and shape of each carbon atom in these molecules?

H

~o




Problems to accompany Organic Chemistry

PROBLEM 6

Draw detailed structures for these molecules and predict their shapes. We
have deliberately made non-committal drawings to avoid giving away the
answer to the question. Don’t use these sorts of drawings in your answer.

COz, CH2=NCH3, CHFg, CH2=C=CH2, (CHz)zo

PROBLEM 7
Draw the shapes, showing estimated bond angles, of the following molecules:

a) hydrogen peroxide, H20:
b)

c) hydrazine, NH2NH:
d) diimide, N2H2

)
e) the azide anion, N3

(
(b) methyl isocyanate CHsNCO
(
(
(

PROBLEM 8
Where would you expect to find the lone pairs in (a) water, (b) acetone
(Me2C=0), and (c) nitrogen (N2)?



Problems for Chapter 5

PROBLEM 1

Each of these molecules is electrophilic. Identify the electrophilic atom and draw
a mechanism for a reaction with a generalized nucleophile Nu-, giving the
structure of the product in each case.

[0} (o} (o}
(o] /\%/\ s MeOW@/OMe
£ 7 o wte ™

PROBLEM 2

Each of these molecules is nucleophilic. Identify the nucleophilic atom and draw
a mechanism for a reaction with a generalized nucleophile E*, giving the
structure of the product in each case.

MeO ‘/(\9 _OMe OMe

R
R——© Al H,N —NH, )\ o b
H H S S MeO OMe

PROBLEM 3
Complete these mechanisms by drawing the structure of the product(s).

D)
Hoe/\ “[}X/J. —=

NH, — ?




Problems to accompany Organic Chemistry

PROBLEM 4
Put in the curly arrows on these starting materials to show how the product is
formed. The compounds are drawn in a convenient arrangement to help you.

%0 oH

o) H o®
o — > +
H OH H
H
@0 -
U0~ ToO
Br

PROBLEM 5
Draw mechanisms for the reactions in the following sequence.
I NaOH NaH )
N —_— /\/OH —> /\/O

PhCH,Br
i S N NG

PROBLEM 6
Each of these electrophiles could react with a nucleophile at one of (at least)
two atoms. Identify these atoms and draw a mechanism and products for each
reaction.

H\ﬁ/H Ph_ Ph

| Ph/PWOH
Me Me



Problems for Chapter 5 - Organic reactions 13

PROBLEM 7
These three reactions all give the products shown, but not by the mechanisms
drawn! For each mechanism, explain what is wrong, and draw a better one.

@/Me
NH, Me—I H,N
—_—
H H
H
H@/\ {) pn ﬂ\/Ph
HOYY — ™ H
®
H
/_\ cl:l
—& S. — ® 4+ cI®
Cl—Cl  1e”S~pe Me/S\Me
PROBLEM 8

In your corrected mechanisms for problem 7, explain in each case which orbital
is the HOMO of the nucleophile and which orbital is the LUMO of the
electrophile.

PROBLEM 9

Draw a mechanism for the following reaction. (This is harder, but if you draw
out the structures of the reactants first, and consider that one is an acid and
one is a base, you will make a good start.)

PhCHBrCHBrCO,H + NaHCO; ———» PhCH=CHBr + NaHCO;






Problems for Chapter 6

PROBLEM 1
Draw mechanisms for these reactions:

NaBH, 1. LiAlH, OH
<\FO —_— <} CHO ——>»
EtOH, H,0 2. H,0

PROBLEM 2
Cyclopropanone exists as the hydrate in water but 2-hydroxyethanal does not
exist as the hemiacetal. Explain.

HO_ OH

K== el e X

PROBLEM 3
One way to make cyanohydrins is illustrated here. Suggest a detailed
mechanism for the process.

H Me,SiCN H CN

R/go catalytic KCN R OSiMe;




Problems to accompany Organic Chemistry

PROBLEM 4

There are three possible products from the reduction of this compound with
sodium borohydride. What are their structures? How would you distinguish
them spectroscopically, assuming you can isolate pure compounds?

(0]

PROBLEM 5

The triketone shown here is called ‘ninhydrin’ and is used for the detection of
amino acids. It exists in aqueous solution as a hydrate. Which ketone is
hydrated and why?

PROBLEM 6

This hydroxyketone shows no peaks in its infrared spectrum between 1600 and
1800 cm?, but it does show a broad absorption at 3000-3400 cm. In the *3C
NMR spectrum there are no peaks above 150 ppm but there is a peak at
110 ppm. Suggest an explanation.

(0)
wo X _J_



Problems for Chapter 6 — Nucleophilic addition to the carbonyl group

17

PROBLEM 7

Each of these compounds is a hemiacetal and therefore formed from an
alcohol and a carbonyl compound. In each case give the structures of the
original materials.

(0} OH (0} MeO
OH
OH OH

)\o/\/\oji /oco/\/°\)\

PROBLEM 8

Trichloroethanol my be prepared by the direct reduction of chloral hydrate in
water with sodium borohydride. Suggest a mechanism for this reaction. Take
note that sodium borohydride does not displace hydroxide from carbon
atoms!

HO OH Nag,

— P 2B—H
Cl,C~ "H H,0 Clc~ "OoH ClsC M *H

chloral hydrate trichloroethanol this is not the mechanism

PROBLEM 9

It has not been possible to prepare the adducts from simple aldehydes and
HCI. What would be the structure of such compounds, if they could be made,
and what would be the mechanism of their formation? Why can’t these
compounds be made?



18 Problems to accompany Organic Chemistry

PROBLEM 10
What would be the products of these reactions? In each case give a mechanism
to justify your prediction.
(0}
EtMgBr (0] NaBH,
e, o oot
Et,0



Problems for Chapter 7

PROBLEM 1
Are these molecules conjugated? Explain your answer in any reasonable way.

CO,Et N CO,Et = CO,Et
X |
) )
2 Me

\
Me Me

PROBLEM 2
How extensive is the conjugated system(s) in these compounds?

9 L
N7 o Yo

PROBLEM 3
Draw diagrams to represent the conjugation in these molecules. Draw two
types of diagram:

(@) Show curly arrows linking at least two different ways of representing the
molecule

(b) Indicate with dotted lines and partial charges (where necessary) the partial
double bond (and charge) distribution.

PROBLEM 4

Draw curly arrows linking alternative structures to show the delocalization in
(a) diazomethane CH2N2

(b) nitrous oxide, N2O

(c) dinitrogen tetroxide, N20s




Problems to accompany Organic Chemistry

PROBLEM 5

Which (parts) of these compounds are aromatic? Justify your answer with some
electron counting. You may treat rings separately or together as you wish. You
may notice that two of them are compounds we met in problem 2 of this

chapter.
Q
(0} o

H
“/’NHAc

colchicine:

a compound
= from the

OH O OH OH O autumn crocus
used to

treat gout

aklavinone: a tetracycline antibiotic OMe

PROBLEM 6
The following compounds are considered to be aromatic. Account for this by
identifying the appropriate number of delocalized electrons.

indole azulene a-pyrone adenine



Problems for Chapter 7 — Delocalization and conjugation
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PROBLEM 7

Cyclooctatetraene (see p. 158 of the textbook) reacts readily with potassium
metal to form a salt, Kz[cyclooctatetraene]. What shape do you expect the ring
to have in this compound? A similar reaction of hexa(trimethylsilyl)benzene
with lithium also gives a salt. What shape do you expect this ring to have?

B 20
2xK
—_— .ZK@
SiMe3 ~ SiMe3 20
Me,Si SiMes , . |MegSi SiMe;
— = 2Li®
Me,Si SiMe;, Me,Si SiMe;
SiMe, L SiMe;
PROBLEM 8

How would you expect the hydrocarbon below to react with bromine, Br2?

PROBLEM 9

In aqueous solution, acetaldehyde (ethanal) is about 50% hydrated. Draw the
structure of the hydrate of acetaldehyde. Under the same conditions, the
hydrate of N,N-dimethylformamide is undetectable. Why the difference?

(o}
P N
H |

acetaldehyde N,N-dimethylformamide






Problems for Chapter 8

PROBLEM 1
How would you separate a mixture of these three compounds?

N CO,H
®
N

naphthalene pyridine para-toluic acid

PROBLEM 2

In the separation of benzoic acid from toluene on p. 164 of the textbook we
suggested using KOH solution. How concentrated a solution would be
necessary to ensure that the pH was above the pKa of benzoic acid (4.2)? How
would you estimate how much KOH solution to use?

PROBLEM 3
What species would be present in a solution of this hydroxy-acid in (a) water at
pH 7, (b) aqueous alkali at pH 12, and (c) in concentrated mineral acid?

CO,H
HO” :

PROBLEM 4

What would you expect to be the site of (a) protonation and (b) deprotonation
if these compounds were treated with the appropriate acid or base? In each
case suggest a suitable acid or base and give the structure of the products.

¥

N

-
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Problems to accompany Organic Chemistry

PROBLEM 5

Suggest what species would be formed by each of these combinations of
reagents. You are advised to use estimated pKa values to help you and to beware
of those cases where nothing happens.

() o (b) (c)
o o} =\ o | N o
+ HN. _NH + o +
©/ )l\OH oY )I\o@ N F3cJ\oe

PROBLEM 6
What is the relationship between these two molecules? Discuss the structure of
the anion that would be formed by the deprotonation of each compound.

CL P

| ®
N (0] N OH
H

PROBLEM 7
The carbon NMR spectrum of these compounds can be run in D20 under the

conditions shown. Why are these conditions necessary? What spectrum would
you expect to observe?

3C NMR N 8C NMR
spectrum 74 spectrum
) H,N )
run in N run in
DCI/D,O NaOD/D,0O
H 2
(o} OH



Problems for Chapter 8 — Acidity, basicity and pKa
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PROBLEM 8
These phenols have approximate pKa values of 4, 7, 9, 10, and 11. Suggest with
explanations which pKa value belongs to which phenol.

02N N02 02N Me Me
: OH cl \©/OH

PROBLEM 9
The pKa values of these two amino acids are as follows:

(a) cysteine: 1.8, 8.3, and 10.8

(b) arginine: 2.2,9.0, and 13.2.

Assign these pKa values to the functional groups in each amino acid and draw
the most abundant structure that each molecule will have at pH 1, 7, 10, and
14.

NH
Hs/\rCOzH H,N JJ\ N /\/YCOQH
NH, H NH,
cysteine arginine

PROBLEM 10
Neither of these two methods for making pentan-1,4-diol will work. What will

happen instead?

fo) OH
—>Me—MgBr MOH
H Me
H
TMeCHO

Mg [
Br OH —— |BrMg OH]
NN Et,0 ~ N
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Problems to accompany Organic Chemistry

PROBLEM 11

Which of these bases would you choose to deprotonate the following
molecules? Very strong bases are more challenging to handle so you should
aim to use a base which is just strong enough for the job, but not unnecessarily
strong.

H NH® .
' A
)\’(OH YNY /\/\OH © ©/
o)

Choice of bases:

KOH NaH BulLi NaHCO;



Problems for Chapter 9

PROBLEM 1
Propose mechanisms for the first four reactions in the chapter.

(0]
/\/\LI
2. H+ H,0

0
. Li
PhJ\H 1/—\/,| phM

2. H*, H,0

(0]
\)k 1. PhMgBr HOWED
_—
2. H*, H,0
o 1.)\ HO H
/\)J\ MgCI
H ——
2. H*, H,0

PROBLEM 2
What products would be formed in these reactions?

1. EtMgBr 1. Mg, THF
Ph———H ——> A /\Br g—>

B
2. Ph,CO 2.
3.H* H,0 <>:o
Br Cl .
1. BuLi c
3. H*, Hy0




Problems to accompany Organic Chemistry

PROBLEM 3
Suggest alternative routes to fenarimol different from the one in the textbook
on p. 192. Remind yourself of the answer to problem 2 above.

PROBLEM 4
Suggest two syntheses of the bee pheromone heptan-2-one.

(0}

)]\/\/\

PROBLEM 5

The antispasmodic drug biperidin is made by the Grignard addition reaction
shown here. What is the structure of the drug? Do not be put off by the
apparent complexity of the structure: just use the chemistry of Chapter 9.

1. Mg, Et,0
Br S » biperidin
2. o
)

How would you suggest that the drug procyclidine should be made?

HO

procyclidine



Problems for Chapter 9 — Using organometallic reagents to make C-C bonds
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PROBLEM 6
The synthesis of the gastric antisecretory drug rioprostil requires this alcohol.

//>(\/
= OH

(a) Suggest possible syntheses starting from ketones and organometallics.
(b) Suggest possible syntheses of the ketones in part (a) from aldehydes and
organometallics (don't forget about CrOs oxidation).

PROBLEM 7
Why is it possible to make the lithium derivative A by Br/Li exchange, but not the
lithium derivative B?

BULI />(\ BulLi
THE THF B L
PROBLEM 8

How could you use these four commercially available starting materials

PhCHO  Etl co, Br

to make the following three compounds?

OH






Problems for Chapter 10

PROBLEM 1
Suggest reagents to make the drug phenaglycodol by the route below.

(0] HO
—> E —
Cl Cl
HO HO
2
- OH
cl Cl phenaglycodol

PROBLEM 2

Direct ester formation from carboxylic acids (RCO2H) and alcohols (R?OH)
works in acid solution but not in basic solution. Why not? By contrast, ester
formation from alcohols (R?0OH) and acid anhydrides [(R*CO):0)] or chlorides
(R*COCI) is commonly carried out in basic solution in the presence of bases
such as pyridine. Why does this work?

PROBLEM 3

Predict the success or failure of these attempted substitutions at the carbonyl
group. You should use estimated pKa values in your answer and, of course, draw
mechanisms.

2 n-P?rOH ¢ i O H‘i:l j])\
J\ e J\ MeJ\H — > Me cl

Me OPh base Me OPr
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Problems to accompany Organic Chemistry

PROBLEM 4
Suggest mechanisms for these reactions.

(0]

(0}
NH,
EtOJ\OEt HN//< RcocCl JJ\N
OH____ \‘/[\/0 —
base

o

§

PROBLEM 5

In making esters of the naturally occurring amino acids (general structure
below) it is important to keep them as their hydrochloride salts. What would
happen to these compounds if they were neutralized?

NH ®NH,

2
\k EtOH \\\\k

RY SCO,H  Hel R CO,Et

PROBLEM 6

It is possible to make either the diester or the monoester of butanedioic acid
(succinic acid) from the cyclic anhydride as shown. Why does one method give
the diester and one the monoester?

OMe
OMe MeOH MeOH



Problems for Chapter 10 - Nucleophilic substitution at the carbonyl group
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PROBLEM 7
Suggest mechanisms for these reactions, explaining why these particular
products are formed.

0 dilute o (0]
Ph” >ci  ——> Ph”~ 0~ “Ph
in acetone
Me . NaOH
N 100 °C
0 — > MeNH™ ""co,H
2. H®

PROBLEM 8
Give mechanisms for these reactions, explaining the selectivity (or lack of it!) in
each case.

© )
Lt e HM
R —— —_—
2. H® H,0 0 2.H®H,0 OH
o}
PROBLEM 9

This reaction goes in one direction in acid solution and in the other direction in
basic solution. Draw mechanisms for the reactions and explain why the
product depends on the conditions.

O\H/ basic solution OHQ
0 -~ L
NH, acidic solution N

H
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Problems to accompany Organic Chemistry

PROBLEM 10
Amelfolide is a drug used to treat cardiac arrhythmia. Suggest how it could be
made from 4-nitrobenzoic acid and 2,5-dimethylaniline.

o o]
N OH
H H,N

amelfolide 4-nitrobenzoic acid 2,6-dimethylaniline

PROBLEM 11

Given that the pKa of tribromomethane, CHBrs (also known as bromoform) is
13.7, suggest what will happen when this ketone is treated with sodium
hydroxide.

(0]

/\)]\CBra

PROBLEM 12
This sequence of reactions is used to make a precursor to the anti-asthma drug
montelukast (Singulair). Suggest structures for compounds A and B.

COEt  |jAIH, PhCOCI
— e A — e B
M* =134 pyridine M* =206
e IR: 3600 (broad) IR: 3600 (broad),
2950 cm™! 3050, 2950, 1710 (strong),

1600, 1500 cm™’



Problems for Chapter 11

PROBLEM 1
Draw mechanisms for these reactions, both of which involve loss of the
carbonyl’s oxygen atom.

CHO ™
Y ue T MeNH, NMe
\)J\ ~ \)\
H MeoH OMe H20
F F

PROBLEM 2

Each of these compounds is an acetal, that is a molecule made from an
aldehyde or ketone and two alcohol groups. Which compounds were used to
make these acetals?

PROBLEM 3
Suggest mechanisms for these two reactions of the smallest aldehyde,
formaldehyde (methanal CH.=0).

Me

® _CH NHMe
NH CH,=O NT CH,=0 &
= oo =Y
H® N
NHMe N

11
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Problems to accompany Organic Chemistry

PROBLEM 4

In the textbook (p. 227) we showed you a selective hydrolysis of an acetal. Why
were the other acetals (one is a thioacetal) not affected by this treatment? How
would you hydrolyse them? Chloroform (CHCIs) is the solvent.

PROBLEM 5

In the textbook (p. 228) we say that the Grignard reagent below is ‘an unstable
structure—impossible to make.” Why is this? What would happen if you tried to
make it?

o Mg o

PROBLEM 6
Suggest mechanisms for these reactions.

Moo, §_<°
>kc|-|o * HO” “CO.H -
H

NaCN,

~N
5 HoN —NH, HN NH,CI N CN
)K/COZNE —> — o CH, =0 ——>» CH2¢ ~~



Problems for Chapter 11 - Nucleophilic substitution at C=0 with loss of oxygen
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PROBLEM 7
Don't forget the problem in the summary on p. 238 of the textbook: suggest a
mechanism for the formation of this thioacetal.

O  Hs""sH m

- . S S
\)k H dry HCI \><H

PROBLEM 8

In chapter 6 we described how the anti-leprosy drug dapsone could be made
soluble by the formation of a ‘bisulfite adduct’. Now that you know about the
reactions described in chapter 11, you should be able to draw a mechanism for
this reaction. The adduct is described as a ‘prodrug’, meaning that it is not the
drug but gives rise to the drug by chemistry within the body. How might this
happen?

/©/ \©\ so Na® /@/ \@\
NH, formaldehyde HoN /\ e

insoluble dapsone bisulfite adduct soluble bisulfite adduct

PROBLEM 9
This stable product can be isolated from the reaction between benzaldehyde
and ammonia. Suggest a mechanism.

CHO
SNH
+NH; =—= H,0+
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Problems to accompany Organic Chemistry

PROBLEM 10

In the following scheme

(a) Identify the functional group in each molecule, and

(b) Suggest a reagent or reagents for carrying out each transformation
represented by an arrow.

)\ —> /L I
NH, HJ\Ph

¢ ¢ )\N/\Ph )\N/\Ph
s N AN

H
Ph

PROBLEM 11

Three chemical steps convert cyclohexane-1,4-dione into a compound which is
used for the synthesis of the anti-migraine drug frovatriptan. Suggest how this
transformation is carried out.

H
N
0 “Me
/‘A/:/r steps o) steps )
e ——>» frovatriptan
0 %1/0



Problems for Chapter 12

PROBLEM 1

In the comparison of stability of the last intermediates in the substitution at the
carbonyl group of acid chlorides or anhydrides to make esters (chapter 10) we
preferred one of these intermediates to the other:

®on 0 =

more stable J\ _— JJ\ — @ R2 lessstable

intermediate g1\ g2 R'” “OR2 R! IO/ intermediate

H

Why is the one more stable than the other? If you were to treat an ester with
acid, which of the two would be formed?

PROBLEM 2
This reaction shows third-order kinetics as the rate expression is

rate = [ketone][HO]?

Suggest a mechanism for the reaction.

o}
o H
NaOH
Ph 0 0 EOn O
)\ H,0, EtOH Ph)J\OH \Ph
Ph
PROBLEM 3

Draw an energy profile diagram for this reaction. You will of course need to draw
the mechanism first. Suggest which step in this mechanism is likely to be the slow
step and what kinetics would be observed

o HO CN

NaCN
—
é H,0, HCI
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PROBLEM 4
What would be the effect of solvent changes on these reactions? Would the
reactions be accelerated or retarded by a change from a polar to a non-polar

solvent?
(0)
Br, ® heat
Ph3P —_— Ph3P -Br (<) @ e C02 + NM63
solvent [0} NMe; solvent
(0] NH, (0]
e s AN
R OMe solvent R NH,
PROBLEM 5

Comment on the effect of acid and base on these equilibria.
HO CN

0 0
HO OH o
W - + %cN =
0

+ Hgo



Problems for Chapter 13

PROBLEM 1
How many signals will there be in the *H NMR spectrum of each of these

compounds? Estimate the chemical shifts of the signals.

o

N__N
N~ Me

=

PROBLEM 2
The following products might possibly be formed from the reaction of MeMgBr

with the cyclic anhydride shown. How would you tell the difference between
these compounds using IR and **C NMR? With *H NMR available as well, how

would your task be easier?
0
1. MeMgBr
0]
2. H@HZO
(o]

PROBLEM 3

One isomer of dimethoxybenzoic acid has the *H NMR spectrum &+ (ppm) 3.85
(6H, s), 6.63 (1H, t, J 2 Hz), and 7.17 (2H, d, J 2 Hz). One isomer of coumalic acid
has the *H NMR spectrum &u (ppm) 6.41 (1H, d, J 10 Hz), 7.82 (1H, dd, J 2, 10 Hz),
and 8.51 (1H, d, J 2Hz). In each case, which isomer is it? The bonds sticking into

the centre of the ring can be to any carbon atom.

MeO CO,H N
dimethox: \ N U coumalic
deryy | HO,C - 1
benzoic acid Yo K acid
(o} (0]
MeO

1

(N\ MeO OMe i \Si/ OYH
| MezN>< FoC '[r \ﬁ X o
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Problems to accompany Organic Chemistry

PROBLEM 4
Assign the NMR spectra of this compound and justify your assignments. ‘Assign’
means ‘say which signal belongs to which atom’.

=z
0 0
TH NMR
6H
1H 2H 3H
. ] |
6 ' 5 ' 4 ' 4 ' ) ' 1 ' B
PPM
13C NMR
180 160 140 120 100 8 60 40 20 0

PPM
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PROBLEM 5
Assign the'H NMR spectra of these compounds and explain the multiplicity of
the signals

860.97 (3H,t, J7 Hz) 6 1.08 (6H, d, J7 Hz) §1.00 (3H, t, J7 Hz)

0 1.42 (2H, sextuplet, J7 Hz)  § 2.45 (4H, t, J5 Hz) 0 1.75 (2H, sextuplet, J 7 Hz)
§2.00 (2H, quintet, J 7 Hz) 52.80 (4H, t, J5 Hz) 82.91 (2H, t, J7 Hz)

54.40 (2H, t, J7 Hz) 82.93 (1H, sextuplet J7 Hz) § 7.4-7.9 (5H, m)
PROBLEM 6

The reaction below was expected to give the product A and did indeed give a
compound with the correct molecular formula by its mass spectrum. However
the NMR spectrum of this product was:

Su (ppm) 1.27 (6H, s), 1.70 (4H, m), 2.88 (2H, m), 5.4-6.1 (2H, broad s, exchanges
with D20) and 7.0-7.5 (3H, m).

Though the detail is missing from this spectrum, how can you already tell that
this is not the expected product?

HON o

@
2T
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PROBLEM 7
Assign the 400 MHz *H NMR spectrum of this enynone as far as possible,

justifying both chemical shifts and coupling patterns.

g
\

6 5 1 50 49
1T ™ T 51
ﬂl‘ 26 L 24 23 22
T T T I T T T T T T T
6.0 5.0 4.0 3.0 2.0 1.0
PROBLEM 8

A nitration product (CsH11N30O2) of this pyridine has been isolated which has a
nitro group somewhere in the molecule. From the spectrum deduce where the
nitro group is and give a full analysis of the spectrum.

7 HNO,
| —
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PROBLEM 9
Interpret this *H NMR spectrum.

CO,Et
HO
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Problems to accompany Organic Chemistry

PROBLEM 10

Suggest structures for the products of these reactions, interpreting the
spectroscopic data. Most of the reactions will be new to you, and you should
aim to solve the structures from the data, not by guessing what might happen.

A, C1oH140
Br Vmax (€m~") C—H and fingerprint only
Q» dc (ppm) 153, 141, 127, 115, 59, 33, 24
MeO AICl; &y (ppm) 1.21 (6H, d, J7 Hz), 2.83 (1H, septuplet, J7 Hz),

3.72 (3H, s), 6.74 (2H, d, J9 Hz) and 7.18 (2H, d, J 9 Hz)

B, CgH1405
)\/OSiMe;; /\COZMe Vmax (cm™") 1745, 1730
- dc (ppm) 202, 176, 62, 48, 34, 22, 15
TiCl, Sy (ppm) 1.21 (6H, ), 1.8 (2H, 1, J7 Hz ),

2.24 (2H, 1, J7 Hz ), 4.3 (3H, s) and 10.01 (1H, s)

C, C14H15NO;

CHO OH
AN
/©/ MeZN—b Vmax (Cm71) 1730
F NaH ¢ (ppm) 191, 164, 132, 130, 115, 64, 41, 29

dy (ppm) 2.32 (6H, s), 3.05 (2H, t, J 6 Hz)
4.20 (2H, t, J6 Hz), 6.97 (2H, d, J 7 Hz),
7.82 (2H, d, J7 Hz) and 9.97 (1H, s)



Problems for Chapter 14

PROBLEM 1
Are these molecules chiral? Draw diagrams to justify your answer.

PROBLEM 2
If a solution of a compound has an optical rotation of +12, how could you tell if
this was actually +12 or really -348 or +372?

PROBLEM 3
Cinderella’s glass slipper was undoubtedly a chiral object. But would it have
rotated the plane of polarized light?

PROBLEM 4

Discuss the stereochemistry of these compounds. Hint: this means saying how
many diastereoisomers there are, drawing clear diagrams of each, and stating
whether they are chiral or not.

14




Problems to accompany Organic Chemistry

PROBLEM 5
In each case state, with explanations, whether the products of these reactions
are chiral and/or enantiomericaly pure.

Ho/j/\cozH H® HO/\E>:
—_— (o]
HO 0

biological
o reduction el
)J\/CO2Et enzyme Cep
(0]

u o
(¢}
N
(9]
€|u =z
I
o N
(®}
N
u o
l:
[¢]
=l
g
=
(@)
(®}
N
=

S-(+)-glutamic acid

/& LIAIH4 /CO\H
(o) aqueous Ph OH

work-up

PROBLEM 6
This compound racemizes in base. Why is that?

HO

O
Lintr
(@)

PROBLEM 7
Assign a configuration (R or S) to each of these compounds.

H
F3C_JwOH

1,

H NH, H
HS\)\ )\/\)(/
900 o
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PROBLEM 8
Just for fun, you might try and work out just how many diastereoisomers there
are of inositol and how many of them are chiral.

OH
HO OH

HO OH

OH
inositol






Problems for Chapter 15

PROBLEM 1
Suggest mechanisms for the following reactions, commenting on your choice
of Sn1 or Sn2.

°\\S//° O\\S// ®
©

~ome _PhSH ~0 Na

NaOH
Br Br PhSMe
Ve
“OH >L
oH >1\ )<
Br > 0

PROBLEM 2

Arrange the following in order of reactivity towards the nucleophile sodium
azide. Give a brief comment for each compound to explain what factor
influences its place in the reactivity scale.

Br

o
B Me —Br >k/B’ )J\/Br

PROBLEM 3
Draw mechanisms for these reactions, explaining why these particular products
are formed.

cl cl
MeOH /O HCI e
e o —™ cl
(o) (¢]] (0] OMe

1




52

Problems to accompany Organic Chemistry

PROBLEM 4

Suggest how to carry out the following transformations.

j\ = ﬂ\ Ph” >"oH —> ph” " i
OH Br

H

5~

niQ

PROBLEM 5

Draw mechanisms for these reactions and give the stereochemistry of the
product.

o 1. PhNMe,
/\)J\ + HoN s J;N
Br ci 2.NaH,DMF O

CO,Et CO,Et

PROBLEM 6

Suggest a mechanism for this reaction. You will find it helpful first of all to draw
good diagrams of reagents and products.

t-BuNMe, + (MeCO),0 —>» Me,NCOMe + t-BuO,CMe



Problems for Chapter 15 — Nucleophilic substitution at saturated carbon

PROBLEM 7

Predict the stereochemistry of these products. Are they diastereoisomers,
enantiomers, racemic or what?

PROBLEM 8

What are the mechanisms of these reactions, and what is the role of the ZnCl; in
the first step and the Nal in the second?

(0]

)]\m cl
NG N N2
Q ZnCl, \ﬂ/

(o}
MeCO,K o~ ~°
\[( Y
cat. Nal

(0) (0)

PROBLEM 9

Describe the stereochemistry of the products of these reactions.

wC o Liam,
)I\ S
s
racemic OH
base

(O] S
/\/\/<'/—>
HS

enantiomerically pure
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Problems to accompany Organic Chemistry

PROBLEM 10
State, with reasons, whether these reactions will be Sn1 or Sn2.

(o] (o]
Br N? N
o —> o]
/\):0>< H© i
—
OMe 04\
o o £0

| WOPr OH
n—PrOH n-PrO
nnQPr
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PROBLEM 11

The pharmaceutical company Pfizer made the antidepressant reboxetine by the

following sequence of reactions. Suggest a reagent for each step, commenting on
aspects of stereochemistry or reactivity.

EtO EtO
. ) g )@
Ph/<'/\ OH —> —>

Ph/Y\OH Ph/Y\OMs

nQ
niQ

OH OH
EtO EtO EtO
o : 0 0
— = — = — =
Ph/Y(l) Ph/Y\ NH, Ph NH
OH OH
(0]
EtO : EtO : Cl
) 0 reboxetine
= = (Prolift®, Vestra®)
— —
Ph N

\/Qo Ph/\(‘)/\)NH






Problems for Chapter 16

PROBLEM 1
Identify the chair or boat rings in the following structures and say why this
particular structure is adopted.

b A AL D o7

PROBLEM 2
Draw clear conformational drawings of these molecules, labelling each
substituent as axial or equatorial.

O/ Br o Me \\\\Me Me
: VOH *:j‘m >(O:’OH

PROBLEM 3
Would the substituents in these molecules be axial, equatorial, or a mixture
between the two?

O:Me H2N \\\Me Q\\\\ Me
NH, O H,N

PROBLEM 4
Which of these two compounds would form an epoxide on treatment with
base?

OH WOH

I//,

Br Br

L
= {111

1
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PROBLEM 5
It is more difficult to form an acetal from the first of these compounds than from
the second. Why is this?

Ea e Y
/7 //,I,/
HO OH o
—_—
H®
(7 w0

(0)
1y //,/

173 ///,

PROBLEM 6
Hydrolysis of the tricyclic bromide below in water gives an alcohol. What is the
conformation of the bromide and what will be the stereochemistry of the alcohol?

PROBLEM 7

Treatment of the triol below with benzaldehyde in acid solution produces one
diastereoisomer of of an acetal but none of the alternative acetal. Why is one
acetal preferred? (Hint: what controls acetal formation?) What is the
stereochemistry of the undefined centre in the acetal that is formed?

HO,, HO, Ph
’ % PhCHO Y
<X— ho O > o
e o

Ph

o,

OH
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PROBLEM 8
The compound below is the painkiller tramadol. Draw the most likely
conformation of its six-membered ring.

i OMe

NMez






Problems for Chapter 17

PROBLEM 1
Draw mechanisms for these elimination reactions.

+-BuOK ©\/
> =
OTs

/_\

(0}
80 °C
PROBLEM 2

Give a mechanism for the elimination reaction in the formation of tamoxifen, a
breast cancer drug, and comment on the roughly 50:50 mixture of geometrical
isomers (cis- and trans-alkenes)

e
|

o
" NMe,

50:50 mixture
of geometrical
isomers (E- and Z-)
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Problems to accompany Organic Chemistry

PROBLEM 3
Suggest mechanisms for these eliminations. Why does the first give a mixture

and the second a single product?

heat
OH 64% yield, 4:1 ratio
OH
48% HBr
—_—
heat
OH

PROBLEM 4
Explain the position of the alkene in the products of these reactions. The

starting materials are enantiomerically pure. Are the products also
enantiomerically pure?

[0} (0]
Cat. TsOH Q‘ib
S
o toluene o
OH

OH
COH o CO,H

—_—
MeO CO,H HO ¢ CO.H

PROBLEM 5
Explain the stereochemistry of the alkenes in the products of these reactions.
OH OMe o
Hz, Pd/CaCO;, H@
OMe = Bh NN H =
N 4 pyridine

HO Ph

Ph



Problems for Chapter 17 - Elimination reactions

63

PROBLEM 6
Suggest a mechanism for this reaction and explain why the product is so stable.

(0} (0} (0}
H®

—_—

Ph

OH (0} Ph

PROBLEM 7
Comment on the position taken by the alkene in these eliminations.

(0] NMe, (o) (0) 0
1. Mel
base
2. NaOH
OH

O/ base ©/
>

‘,,

OTs

PROBLEM 8
Why is it difficult (though not impossible) for cyclohexyl bromide to undergo
an E2 reaction? What conformational changes must occur during this reaction?

Br pase
—

PROBLEM 9
Only one of these bromides eliminates to give alkene A. Why? Neither alkene
eliminates to give alkene B. Why not?

0] (0] o] 0]
(0] (o) 0 o
base base
Br™" Br

alkene A alkene B
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Problems to accompany Organic Chemistry

PROBLEM 10
Account for the constrasting results of these two reactions.

Br
base
—>
CO,H CO,H
Br
base

"'CO,H



Problems for Chapter 18

PROBLEM 1

A compound CsHsFO has a broad peak in the infrared at about 3100-3400 cm™
and the following signals in its (proton decoupled) **C NMR spectrum. Suggest
a structure for the compound and interpret the spectra.

8¢ (ppm) 157.4 (d, J 229 Hz), 151.2 (), 116.3 (d J 7.5 Hz), and 116.0 (d, J 23.2 Hz).

PROBLEM 2

The natural product bullatenone was isolated in the 1950s from a New Zealand
myrtle and assigned the structure A. Then authentic compound A was
synthesized and found not to be identical to natural bullatenone. Predict the
expected 'H NMR spectrum of A. Given the full spectroscopic data, not
available in the 1950s, say why A is definitely wrong and suggest a better
structure for bullatenone.

A: alleged
Ph lo} bullatenone

Spectra of isolated bullatenone:

Mass spectrum: m/z 188 (10%) (high resolution confirms C12H1202), 105 (20%),
102 (100%), and 77 (20%)

Infrared: 1604 and 1705 cm*
H NMR: 81 (ppm) 1.43 (6H, s), 5.82 (1H, 5), 7.35 (3H, m), and 7.68 (2H, m).

1
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Problems to accompany Organic Chemistry

PROBLEM 3

Suggest structures for each of these reaction products, interpreting the
spectroscopic data. You are not expected to give mechanisms for the reactions
and you must resist the temptation to say what ‘ought to happen’. These are all
unexpected products.

A* CGH1202
Br Me0® Vimax (cm™") 1745
s
MeOH 8¢ (ppm) 179, 52, 39, 27

o 3 (ppm) 1.20 (9H, s) and 3.67 (3H, s)
B, CgH1003
H® Vmax (€m™) 1745, 1710
— = 3 (ppm) 203,170, 62, 39, 22, 15
(o) EtOH S (ppm) 1.28 (3H, t, J7 Hz), 2.21 (3H, s)

3.24 (2H, s) and 4.2 (2H, q, J 7 Hz)

C, m/z118

HO _
OMe 1. SOCI,, Et;N Vinax (™) 1730
—_— d¢ (ppm) 202, 45, 22, 15
SMe 2.H,0 8y (ppm) 1.12 (BH, s), 2.28 (3H, 5)
and 9.8 (1H, s)
PROBLEM 4

Suggest structures for the products of these reactions.

NOH
NaBH, S SOCl,
—  » A Y
i-PrOH

Compound A: C7H120z; IR 1725 cm™; 8u (ppm) 1.02 (6H, s), 1.66 (2H, t, J 7 Hz),
2.51 (2H,t,J 7 Hz),and 4.6 (2H, ).

Compound B: m/z 149/151 (M* ratio 1:3); IR 2250 cm?; &u (ppm) 2.0 (2H,
quintet, J 7 Hz), 2.5 (2H, t,J 7 Hz), 2.9 (2H, t, J 7 Hz), and 4.6 (2H, s).

OH

CO,H
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PROBLEM 5

Two alternative structures are shown for the products of these reactions.
Explain in each case how you would decide which product is actually formed.
Several pieces of evidence will be required and estimated values are better

than general statements.

OH
HO\)\/\
co

(0]

2H

ﬁ

O,N

PROBLEM 6
The NMR spectra of sodium fluoropyruvate in D20 are given below. Are these
data compatible with the structure shown? If not, suggest how the compound

might exist in this solution.

8 (ppm) 4.43 (2H, d, J 47 Hz);
8c (ppm) 83.5 (d, J 22 Hz), 86.1 (d, J 171 Hz), and 176.1 (d, J 2 Hz).



Problems to accompany Organic Chemistry

PROBLEM 7

An antibiotic isolated from a microorganism was crystallized from water and
formed different crystalline salts in either acid or base. The spectroscopic data
were:

Mass spectrum 182 (M*, 9%), 109 (100%), and 74 (15%).

8u (ppm in D;0 at pH<1) 3.67 (2H, d, J 7), 457 (1H, t, J 7), 8.02 (2H, m), and 8.37
(1H, m).

8c (ppm in D20 at pH<1) 33.5, 52.8, 130.1, 130.6, 130.9, 141.3, 155.9, and 170.2.
Suggest a structure for the antibiotic.

PROBLEM 8
Suggest structures for the products of these two reactions.

HO,C_ _CO,H o PhNH,
+ — > A —>»B
Z ; 0

Compound A:

m/z 170 (M*, 1%), 84 (77%), and 66 (100%);

IR 1773, 1754 cm;

S+ (ppm, CDCl3) 1.82 (6H, s) and 1.97 (4H, s);

8c (ppm, CDCly) 22, 23, 28, 105, and 169.

Compound B:

m/z 205 (M+, 40%), 161 (50%), 160 (35%), 105 (100%), and 77 (42%);
IR 1670, 1720 cm;

8w (ppm, CDCls) 2,55 (2H, m), 3.71 (1H, t, J 6 Hz), 3.92 (2H, m), 7.21 (2H, d, J 8 Hz),
7.35(1H, t, J 8 Hz), and 7.62 (2H, d, J 8 Hz);

8¢ (ppm, CDCls) 21, 47, 48, 121, 127, 130, 138, 170, and 172.
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PROBLEM 9
Treatment of this epoxy-ketone with tosyl hydrazine gives a compound with
the spectra shown below. What is its structure?

(0]

TsNHNH,
0O —> A

m/z 138 (M+, 12%), 109 (56%), 95 (100%), 81 (83%), 82 (64%), and 79 (74%);
IR 3290, 2115, 1710 cm %,

3u (ppm in CDCls) 1.12 (6H, s), 2.02 (1H, t, J 3 Hz), 2.15 (3H, s), 2.28 (2H, d, J 3 Hz),
and 2.50 (2H, s);

8¢ (ppm in CDCls) 26, 31, 32, 33, 52, 71, 82, 208.

PROBLEM 10
Reaction of the epoxy-alcohol below with LiBr in toluene gave a 92% yield of
compound A. Suggest a structure for this compound from the data:

mass spectrum gives CsH120;
vmax (cm1) 1685, 1618;

8n (ppm) 1.26 (6H, ), 1.83, 2H, t, J 7 Hz), 2.50 (2H, dt, J 2.6, 7 Hz), 6.78 (1H, t (1 2.6
Hz), and 9.82 (1H, s);

8¢ (ppm) 189.2, 153.4, 152.7, 43.6, 40.8, 30.3, and 25.9.

LiBr
—» A 92%yield
HO toluene
(o}



Problems to accompany Organic Chemistry

PROBLEM 11

Female boll weevils (a cotton pest) produce two isomeric compounds that
aggregate the males for food and sex. A few mg of two isomeric active
compounds, grandisol and Z-ochtodenol, were isolated from 4.5 million
insects. Suggest structures for these compounds from the data below. Signals
marked * exchange with D20.

Z-ochtodenol:
m/z 154 (C10H180), 139, 136, 121, 107, 69 (100%);
vmax (cm™?) 3350, and 1660;

S (ppm) 0.89 (BH, 5), 1.35-1.70 (1H, broad m), 1.41* (1H, s), 1.96 (2H, s), 2.06 (2H,
t,J6 Hz), 4.11 (2H, d, J 7 Hz), and 5.48 (1H, t, J 7 Hz).

Grandisol:
m/z 154 (C10H180), 139, 136, 121, 109, 68 (100%);
vmax (cm™2) 3630, 3520, 3550, and 1642;

8n (ppm) 1.15 (3H, s), 1.42 (1H, dddd, J 1.2, 6.2, 9.4, 13.4 Hz), 1.35-1.45 (1H, m),
1.55-1.67 (2H, m), 1.65 (3H, s), 1.70-1.81 (2H, m), 1.91-1.99 (1H, m), 2.52*
(1H, broad t, J 9.0 Hz), 3.63 (1H, ddd, J 5.6, 9.4, 10.2 Hz), 3.66 (1H, ddd, J 6.2,
9.4,10.2 Hz), 4.62 (1H, broad s), and 4.81 (1H, broad s);

dc (ppm) 19.1, 23.1, 28.3, 29.2, 38.8, 41.2, 52.4, 59.8, 109.6, and 145.1.

PROBLEM 12

Suggest structures for the products of these reactions.

(0]
S
1. MezPCI MeO B
—
2. base oTs MeOH

Compound A:
C10H130P, IR (cm?) 1610, 1235;

8 (ppm) 6.5-7.5 (5H, m), 6.42 (1H, t, J 17 Hz), 7.47 (1H, dd, J 17, 23 Hz), and 2.43
(6H, d, J 25 Hz).

Compound B:
C12H1702, IR (cm™2) C-H and fingerprint only;

Su (ppm) 7.25 (5H, s), 4.28 (1H, d, J 4.8 Hz), 3.91 (1H, d, J 4.8 Hz), 2.96 (3H, s), 1.26
(8H,s)and 0.76 (3H, s).



Problems for Chapter 18 - Review of spectroscopic methods

71

PROBLEM 13

Identify the compounds produced in these reactions. Warning! Do not attempt
to deduce the structures from the starting materials, but use the data. These
molecules are so small that you can identify them from *H NMR alone.

NaNH, RCO;H Lil
—> — —>
¢l FBuwon * B c

Data for A: CaHs; 81 (ppm) 5.35 (2H, s) and 1.00 (4H, s)

Data for B: C4HsO; 1 (ppm) 3.00 (2H, s), 0.90 (2H, d, J 3 Hz) and 0.80 (2H, d, J 3
Hz)

Data for C: C4HsO; 81 (ppm) 3.02 (4H, d, J 5 Hz) and 1.00 (2H, quintet, J 5 Hz).

PROBLEM 14

The yellow crystalline antibiotic frustulosin was isolated from a fungus in 1978
and it was suggested the structure was an equilibrium mixture of A and B.
Apart from the difficulty that the NMR spectrum clearly shows one compound
and not an equilibrium mixture of two compounds, what else makes you
unsure of this assignment? Suggest a better structure. Signals marked *
exchange with D20.

CHO OH CHO o

- — Q)
OH OH

Frustulosin:

m/z 202 (100%), 174 (20%);

vmax (cm™?) 3279, 1645, 1613, and 1522;

8u (ppm) 2.06 (3H, dd, J 1.0, 1.6 Hz), 5.44 (1H, dq, J 2.0, 1.6 Hz), 5.52 (1H, dqg, J 2.0,
1.0 Hz), 4.5* (1H, broad s), 7.16 (1H, d, J 9.0 Hz), 6.88 (1H, dd, J 9.0, 0.4 Hz),
10.31 (1H, d, J 0.4 Hz), and 11.22* (1H, broad s);

3¢ (ppm) 22.8, 80.8, 100.6, 110.6, 118.4, 118.7, 112.6, 125.2, 129.1, 151.8, 154.5,
and 196.6.

Warning! This is difficult—after all, the original authors got it wrong initially.
Hint: How might the DBEs be achieved without a second ring?






Problems for Chapter 19

PROBLEM 1
Predict the orientation of HCI addition to these alkenes.

IO e

PROBLEM 2
Suggest mechanism and products for these reactions.

Brz Br2
= —> ? — ?

PROBLEM 3
What will be the products of the addition of bromine water to these alkenes?

)\@ Br, Br,
a2 a9
H,0 H,0

PROBLEM 4

By working at low temperature with one equivalent of buffered solution of a
peroxy-acid, it is possible to prepare the monoepoxide of cyclopentadiene.
Why are these precautions necessary and why does a second epoxidation not
occur under these conditions?

@ RCO,H, NaHCO, Oo
low temperature

1
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PROBLEM 5
The synthesis of a tranquilizer uses this step. Give mechanisms for the
reactions.

HN HN oH
cr, 1-HBr cF,
—_—
2. H,0
cl cl

PROBLEM 6
Explain this result:

1. Brz
—_—
@ 2. KCN, base ©\CN

PROBLEM 7

Suggest a mechanism for the following reaction. What is the stereochemistry
and conformation of the product? The product has these signals in its *H NMR
spectrum: 84 3.9 (1H, ddq, J 12, 4, 7) and 64 4.3 (1H, dd, J 11, 3).

Ao,
X OH MeN02

Br

(0]
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PROBLEM 8
The two alkenes below can be converted into two regioisomers or two

diastereoisomers as shown. Suggest reagents to achieve these transformations.
What alternative starting material could you use to make the trans diol (bottom

right)?

S sl sasNe spt

H

OH
/\‘/k/ - A —»
OH /\C‘:\/

nmQ






Problems for Chapter 20

PROBLEM 1
Draw all possible enol forms of these carbonyl compounds and comment on
their stability.

A <o

PROBLEM 2
The proportions of enol in a neat sample of the two ketones below are rather
different. Why is this?

(o} (0]
CO,Et
0.0004% enol 62% enol

PROBLEM 3

The NMR spectrum of this dimethyl ether is complicated: the two MeO groups
are different as are all the hydrogen atoms on the rings. However the diphenol
has a very simple NMR spectrum—there are only two types of proton on the
rings marked ‘a”and ‘b’ on the diagram. Explain.

Ha

(o) 0 Hb
‘ OMe HP ‘ OH
imethyl .
dlg':ﬁery OO OO diphenol
Ha H2

OMe OH H*
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PROBLEM 4
Suggest mechanisms for these reactions:

—
(o] o
Br Br
1. Mg Br,
— > —>
2. PhCN HOAc
3. H*, H,0
PROBLEM 5
Suggest mechanisms for these reactions and explain why these products are
formed.
° (Y T
(KB, AcOH HCIO4 O/
PROBLEM 6

1,3-Dicarbonyl compounds such as A are usually mostly enolized. Why is this?
Draw the enols available to compounds B-E and explain why B is 100% enol but
C, D, and E are 100% ketone.

A B c D e O
0 (o)
1 3 "OEt OMO
(0] 0 0



Problems for Chapter 20 - Formation and reactions of enols and enolates
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PROBLEM 7
Attempted nitrosation of this carboxylic acid leads to formation of an oxime
with loss of CO2. Why?

COH NaNO, /N\oH
—>

PROBLEM 8
This molecule is a perfumery compound with an intense flowery odour, but it
isomerizes rapidly in base to its odourless diastereoisomer. Why?

CHO

OH






Problems for Chapter 21

PROBLEM 1

All you have to do is to spot the aromatic rings in these compounds. It may not
be as easy as you think and you should give some reasons for questionable
decisions.

H NH,
OH O OH OH
thyroxine: human hormone
regulating metabolic rate aklavinone:
tetracycline antibiotic
MeO O OR
MeO

NHMe e ‘
= OR

calistephin:
OMe HO,C natural red flower pigment

) NH CO,H

methoxatin: coenzyme from
bacteria living on methane

o) COH
0

colchicine:
anti-cancer agent
from the autumn crocus




Problems to accompany Organic Chemistry

PROBLEM 2
First, as some revision, write out the detailed mechanism for these steps.

HNO; + H,SO0, — @©ND, © — 5 ©/

In a standard nitration reaction with, say, HNOz and H.SOs each of these
compounds forms a single nitration product. What is its structure? Explain your
answer with at least a partial mechanism.

CO,H
Me o

PROBLEM 3
How reactive are the different sites in toluene? Nitration of toluene produces

the three possible products in the ratios shown. What would be the ratios if all
the sites were equally reactive? What is the actual relative reactivity of the
three sites? You could express this as xy:1 or as a:b:c where a+b+c = 100.

Comment on the ratio you deduce.

NO,

Me
Me HN03 Me Me N02
—_— + +
H,S0, NO,

59% yield 4% vyield 37% yield



Problems for Chapter 21 - Electrophilic aromatic substitution
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PROBLEM 4
Draw mechanisms for these reactions and explain the positions of substitution.

HNO, Br, Br
e —_—
NO, NO,
Cl Br
Br M
cl
_ e
AICI,

PROBLEM 5

Nitration of these compounds gives products with the *H NMR spectra shown.
Deduce the structures of the products and explain the position of substitution.
WARNING: do not decide the structure by saying where the nitro group ‘ought to
go’! Chemistry has many surprises and it is the evidence that counts.

NO© ¥
— 2 2 7.77 (4H, d, J10)
8.26 (4H, d, J10)

Cl ® S
el 7.6 (1H, d, J10)
=t 8.1 (1H, dd, J10,2)
cl 8.3 (1H, d, J2)

F Nno2 o
20 9 7.15 (2H, dd, J7,8)
8.19 (2H, dd, J6,8)



Problems to accompany Organic Chemistry

PROBLEM 6

Attempted Friedel-Crafts acylation of benzene with t-BuCOCI gives some of the
expected ketone A as a minor product, as well as some t-butylbenzene B, but
the major product is the substituted ketone C. Explain how these compounds
are formed and suggest the order in which the two substituents are added to
form compound C.

AICI3

benzene

PROBLEM 7

Nitration of this heterocyclic compound with the usual HNOs/H2SO4 mixture
gives a single nitration product with the *H NMR spectrum shown below.
Suggest which product is formed and why.

oy
3.04 (2H, t, J7 H2)
3.68 (2H, t, J7 H2)
@ —> CgHgNoO> 545 (1H 4, U8 Ho)
b 7.28 (1H, broad s)
7.81 (1H, d, J1 Hz)
7.90 (1H, dd, J8, 1 Hz)

PROBLEM 8

What are the two possible isomeric products of this reaction? Which structure
do you expect to predominate? What would be the bromination product from
each?

H®

MeO
— > A + B bothCyHi0
£Br2 ¢Br2

OH
? ?



Problems for Chapter 21 - Electrophilic aromatic substitution
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PROBLEM 9

On p. 479 of the textbook we explain the formation of 2,4,6-tribromophenol by
bromination of phenol in water. It looks as though we can go no further as all
the ortho and para positions are brominated. But we can if we treat the
tribromo-compound with bromine in an organic solvent. Account for the
formation of the tetrabromo-compound.

© H,0, EtOH HOAc
NaOAc

The product is useful in brominations as it avoids using unpleasant Br.. Suggest
a mechanism for the following bromination and account for the selectivity.

gacaivel

NMe, Me, yield

PROBLEM 10
How would you make each of the following compounds from benzene?

(0] Br
)K©/NH2 i Br\©/\/
NO,






Problems for Chapter 22

PROBLEM 1

Draw a mechanism for this reaction. Why is base unnecessary?

CN
PhPH, + X ON — ph—p
excess CN

PROBLEM 2

Which of the two routes suggested here would actually lead to the product?

o) 1. EtMgBr, 2.HCI

OH
1. HCI 2. EtMgBr cl

PROBLEM 3

Suggest reasons for the different outcome of each of these reactions. Your
answer must of course be mechanistically based.

Me3$i0

Et;N, Me,SiCl /L\)\
> =
o) H
LiAIH, o
= == =

R,NH, RCO,H /?J\)(

NR,
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PROBLEM 4
Suggest a mechanism for this reaction.

(o}
© * M AICIS
XN
aqgueous

work-up

PROBLEM 5

What is the structure of the product of this reaction and how is it formed? It has
Sc 191, 164, 132, 130, 115, 64, 41, 29 and 6+ 2.32 (6H, s), 3.05 (2H, t, J 6 Hz), 4.20
(2H, t, J 6 Hz), 6.97 (2H, d, J 7 Hz), 7.82 (2H, d, J 7 Hz), 9.97 (1H, s). You should
obviously interpret the spectra to get the structure.

CHO
Me,N /\/OH
. C11H15N()2
F NaH

Vmax (cm™") 1730

PROBLEM 6
Suggest a mechanism for this reaction, explaining the selectivity.

F (0]
F CO,Et

F (0]
F CO,Et



Problems for Chapter 22 - Conjugate addition and nucleophilic aromatic substitution
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PROBLEM 7
Pyridine is a six-electron aromatic system like benzene. You have not yet been

taught anything systematic about pyridine (that will come in chapter 29) but
see if you can work out why 2- and 4-chloropyridines react with nucleophiles

but 3-chloropyridine does not.

Cl NHR
X X X X
RNHi RNH
Q Ej\ ﬁj > ﬁj
— yZ — Z
N (o]] N NHR N N

2-chloropyridine 4-chloropyridine

(o]
N RNH,
| ——» no reaction
N/

3-chloropyridine

PROBLEM 8
How would you carry out these two conversions?

OMe OMe OMe

? ? CN
- —
H,N

Me Me Me

PROBLEM 9

Suggest mechanisms for these reactions, pointing out why you chose the
pathways.

CN

OMe OMe

Br Nnacn  NC
—
O,N NH, O,N NH,



Problems to accompany Organic Chemistry

PROBLEM 10

When we discussed reduction of cyclopentenone to cyclopentanol, we
suggested that conjugate addition of borohydride must occur before direct
addition of borohydride: in other words, the scheme below must be followed.
What is the alternative scheme? Why is the scheme shown definitely correct?

(o} o OH

cyclo- NaBH, NaBH, cyclo-
pentenone e e pentanol

PROBLEM 11
Stirring thioacetic acid with acrolein (propenaldehyde) in acetone gives a
compound with the NMR data shown below. What is the compound?

(0]
)I\ acetone
su T A OcHo —> CiHg0s

Sw: 2.28 (3H, s), 3.58 (2H, d, J 8), 4.35 (1H, td, J 8, 6), 6.44 (1H, t, J 6, 7.67 (1H, d, J
6).
8c: 23.5,31.0,99.3, 144.2, 196.5.



Problems for Chapter 23

PROBLEM 1
How would you convert this bromo-aldehyde chemoselectively into the two
products shown?

CHO CHO HO R
? ?
- — >
HO” >R Br Br

PROBLEM 2
How would you convert this lactone selectively into either the hydroxyacid or
the unfunctionalized acid?

? ?
- R
OH (o)
o CO.H

CO,H

PROBLEM 3
Predict the products of Birch reduction of these aromatic compounds.

(0]

23
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PROBLEM 4
How would you carry out these reactions? In some cases more than one step
may be required.

OH OH (o} (o}
? ? ?
—» —» —»
OH

CO,Et CO,Et CO,Et

PROBLEM 5
How would you convert this nitro compound into the two products shown?
Explain the order of events with special regard for reduction steps.

H
N ? NO, ? N
O Ok O

) CO,H

PROBLEM 6
Why is this particular amine formed by reductive amination here?.

OMe
Na(CN)BH
® The conformation of decalin is M OJ\/\N/\/YOMe (CN)BH,4 ,/\>
i _ e 2
discussed on pp. 378-9 ,Of chapter’ H pH 5.5 OHC /\/N
16 of the textbook. The ‘flattening OMe
effect of the alkene is dealt with in
chapter 32.
PROBLEM 7

Account for the chemoselectivity of the first reaction and the stereoselectivity
of the second. A conformational drawing of the intermediate is essential.

(o}
(0) o

o o)
HO OH H,, Pd/C
—_—  —
0 H® o 0
H



Problems for Chapter 23 - Chemoselectivity and protecting groups

93

PROBLEM 8
How would you convert this diamine to either of these two protected
derivatives?

Y VA
H,N H,N BocHN






Problems for Chapter 24

PROBLEM 1
Two routes are proposed for the preparation of this amino-alcohol. Which do
you think is more likely to succeed and why?

@ 1. \/CHO @ 1_ \/COZMe O
_— <
NH 5 NaBH, N~ o Liam, bl

PROBLEM 2
Predict the products of these reactions.

OMe (0]
iPrMgCI MelLi
— > A —
MeO,C N Me CuSPh, Et,O

PROBLEM 3
Explain the different regioselectivity in these two brominations of 1,2-
dimethylbenzene.

Br2

Br B, AlCl light (hv) g,
- —_—
Br
Br

24
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PROBLEM 4

The nitro compound below was needed for the synthesis of an anti-emetic
drug. It was proposed to make it by nitration of the hydrocarbon shown. How

successful do you think this would be?

HNO,

Comment on the regioselectivity and chemoselectivity of the reactions shown

PROBLEM 5
below.
1. RCHO
S 2. HCI
—
NH,
MeO
1. RCHO
2. HCI
—_—
NH,
MeO
PROBLEM 6

MeO

NH
MeO

R

starting material returned

Identify A and B and account for the selectivity displayed in this sequence of

reactions.

AIC, N,H,, KOH

H3PO,

— » A —  » B — »

" A
(0] o

(0]

Br



Problems for Chapter 24 — Regioselectivity
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PROBLEM 7

The sequence of reactions below shows the preparation of a compound
needed for the synthesis of a powerful anti-cancer compound. Explain the
regioselectivity of the reactions. Why do you think two equivalents of BuLi are
needed in the second step?

Meo” o Meo” o  meo o
1. BuLi 1. BuLix 2
2 Mel Me 2. Me,NCHO Me CHO
— T

3.H,0
(o) o) 0
\/o \/0 87% \/0 64%
PROBLEM 8

Comment on the regiooselectivity and chemoselectivity of the reactions in the
sequence below.

NaBH,,
N OH  BnBr N OH EtoH N OH
DA EOH

P
N Ng Br® N

J p

Ph Ph
Cl

MeO ’go (j/\OH
—

NaHCO; /L
MeO o
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PROBLEM 9
Explain the regioselectivity displayed in this synthesis of the drug tanomastat.

\‘\‘ AICI; O CO,H

PhSH
CO,H

(o}
tanomastat SPh

PROBLEM 10
This compound is needed as a synthetic precursor to the drug etalocib.
Suggest a synthesis. Hint: consider using nucleophilic aromatic substitution.

CN
MeO (0]



Problems for Chapter 25

PROBLEM 1
Suggest how these compounds might be made by alkylation of an enol or
enolate.
M/\ lo}
PROBLEM 2

How might these compounds be made using alkylation of an enol or enolate as
one step in the synthesis?

o
Pt o

PROBLEM 3
How might these amines be prepared using enolate-style alkylation as part of the
synthesis?
R R
NH
PROBLEM 4

This attempted enolate alkylation does not give the required product. What has
gone wrong? What products would actually be formed? How would you make the
required product?

1. BuLi
Me—CHO ————¢—> CHO

2. i-PrCl

25
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Problems to accompany Organic Chemistry

PROBLEM 5
Draw mechanisms for the formation of this enamine, its reaction with the alkyl
halide, and the hydrolysis of the product.

. ()
T %—»M

L» \H‘\/\’(
H,0 x
PROBLEM 6

How would you produce specific enols or enolates at the points marked with the
arrows (not necessarily starting with the ketones themselves)?

(0] o [0}

e Y
-
PROBLEM 7

How would the enol(ate) equivalents we have just made react with (a) bromine
and (b) a primary alkyl halide RCH2Br?

PROBLEM 8
Draw a mechanism for the formation this imine:



Problems for Chapter 25 - Alkylation of enolates
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PROBLEM 9
How would the imine from problem 8 react with the reagents below? Draw
mechanisms for each step: the reaction with LDA, the addition of BuBr, and the

work-up.
1.LDA
2. BuBr Ps
RMN 3.workup
PROBLEM 10

What would happen if you tried this short cut for the reactions in problems 8 and
9?

1.LDA
CHO ?
RN 2. BuBr
PROBLEM 11
Suggest mechanisms for these reactions.
1.
Br” " “Br

Et0,C COAR
2 NaOEt, EtOH

Et02C 2. NaOH, H20
3. H*, heat

PROBLEM 12
How does this synthesis of a cyclopropyl ketone work?

(0]

o 0 o] o]
EtO’; EtOH HBr
Mo EotEOM e N o
o

(0]
(0]
base )W
—_—

AN
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PROBLEM 13

Give the structures of the intermediates in the following reaction sequence and
mechanisms for the reactions.

1. NaNH,
2. MeOTs
—_—
NH 3.LDA N
Me
o 4. EtBr



Problems for Chapter 26

PROBLEM 1

The aldehyde and the ketone below are self-condensed with aqueous NaOH so
that an unsaturated carbonyl compound is the product in both cases. Give a
structure for each product and explain why you think this product is formed.

(0]
CHO NaOH " NaOH ”

PROBLEM 2
Propose mechanisms for the ‘aldol’ and dehydration steps in the termite defence
compound presented on p. 623 in the textbook.

CH2N02 OH ACZO
R NO
— 2
R\/”\H NaOMe Fi\/l\/No2 pyridine ~xX

PROBLEM 3
How would you synthesize the following compounds?

(0)
XX\ _COH
PR Z Ph ©/\/\/

PROBLEM 4

How would you use a silyl enol ether to make this aldol product? Why is it
necessary to use this particular intermediate? What would be the products be if
the two carbonyl compounds were mixed and treated with base?

?
AL e
CHO CHO CHO
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PROBLEM 5

In what way does this reaction resemble an aldol reaction? Comment on the
choice of base. How can the same product be made without using phosphorus
chemistry?

o EtCHO o

o
Il —_
(EtO)zP\/u\/ K2003 water \/\)K/

PROBLEM 6
Suggest a mechanism for this attempted aldol reaction. How could the aldol
product be made?

o)
cnzo
“NaoH

expected aldol product

PROBLEM 7

The synthesis of six-membered ketones by intramolecular Claisen condensation
was described in the chapter where we pointed out that it doesn’t matter which
way round the cyclization happens as the product is the same.

o}
Et0,C CO,Et
\L J/ 1. EtO
2. H® heat r;l
e Me

Strangely enough, five-membered heterocyclic ketones can be made by a
similar sequence. The starting material is not symmetrical and two cyclized
products are possible. Draw structures for these products and explain why it is
unimportant which is formed.

0o

E10,C CO,Et ©
\L 2 1. Et0
g —— K

N
| 2. H® heat |

Me Me



Problems for Chapter 26 — The aldol and Claisen reactions
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PROBLEM 8

Attempted acylation at carbon often fails. What would be the actual products of
these attempted acylations and how would you successfully make the target
molecules?

MeCO,Me 1. NaOMe o
R._CHO > R )J\/U\
NaOMe 2. PhCOCI
Ph (0}

PROBLEM 9

Acylation of the phenolic ketone gives compound A, which is converted into an
isomeric compound B in base. Cyclization of B gives the product shown. Suggest
mechanisms for the reactions and structures for A and B.

(0]
PhCOCI KOH H,SO,
—» A —» B — »
OH Pyridine ek o) Ph
C15H1203 C15H1203
PROBLEM 10

How could these compounds be made using the acylation of an enol or enolate as
akey step?

o o
CO,Et
CO,Et
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Problems to accompany Organic Chemistry

PROBLEM 11
Suggest how the following reactions might be made to work. You will probably
have to select a specific enol equivalent.

fo) ?
)\ o + —_— CHO
CH
Cl o
o (o) ?
+ )j\ —_— (0}
OMe

PROBLEM 12
Base-catalysed reaction between these two esters allows the isolation of a
product A in 82% yield.

HCO,Et

Et0,C >

) CoH1405

The NMR spectrum of this product shows that two species are present. Both show
two 3H triplets at about 8+ = 1 and two 2H quartets at about 3+ = 3 ppm. One has
a very low field proton and an ABX system at 2.1-2.9 with Jag 16 Hz, Jax 8 Hz, and
Jex 4 Hz. The other has a 2H singlet at 2.28 and two protons at 5.44 and 8.86
coupled with J 13 Hz. One of these protons exchanges with D.O. Any attempt to
separate the mixture (for example by distillation or chromatography) gives the
same mixture. Both compounds, or the mixture, on treatment with ethanol in acid
solution give the same product B.

A H | B
CoH1405 tion Ci3H2406

Compound B has IR 1740 cm™, 84 1.15-1.25 (four t, each 3H), 2.52 (2H, ABX system
Jas 16 Hz), 3.04 (1H, X of ABX split into a further doublet by J 5 Hz), and 4.6 (1H, d, J
5 Hz). What are the structures of A and B?



Problems for Chapter 27

PROBLEM 1
Suggest a mechanism for this reaction, commenting on the selectivity and the

stereochemistry.

Me2
1. t-BuOK
2 RaneyNi ¢
EtOH

PROBLEM 2
Explain the regiochemistry and stereochemistry of this reaction.

) Br

Br Me§ CO,Et
. ~ ——  Et0,C

21




108 Problems to accompany Organic Chemistry

PROBLEM 3
Give mechanisms for these reactions, explaining the role of sulfur.

b

m S._S 1.BuLi
o SH SH 2. Mel
HCI, CHCI, o

S

4,
Br /\/i
(o)
HgCl,
H,O N
N acetone
(o)

()

DA
C

|

(/7]
(7]

C

PROBLEM 4
Suggest a mechanism by which this cyclopropane might be formed.
(0]
2 i
Ph ~ “Ph + ”'ezg -CH, —> ph)%\
OMe MeO Ph

Attempts to repeat this synthesis on the related compound below led to a
different type of product. What is different this time?

OH
Br () 0
)
. Ph + Mezg -CH, —>»
Ph
lo) (o}



Problems for Chapter 27 - Sulfur, silicon and phosphorus in organic chemistry 109

PROBLEM 5
Deduce the structure of the product of this reaction from the NMR spectra and
explain the stereochemistry. Compound A has 8+ 0.95 (6H, d, J 7 Hz), 1.60 (3H, d, J
5), 2.65 (1H, double septuplet, J 4 and 7), 5.10 (1H, dd, J 10 and 4), and 5.35 (1H,
dq,J, 10 and 5).

5 1. NaNH, A
PhyP s
" 5 ipcHo  CeMi

PROBLEM 6
A single geometrical isomer of an insect pheromone was prepared in the
following way. Which isomer is formed and why?

®
PhsP___CHO

Me0,C~ " "ScHo — > Me0,¢~ " " CH=CHCHO
MeO® A

1. NaNH,

®
PRSP o pA  MeOC """ CH=CH-CH=CHEt

1. LiAIH,

—> Aco\/\/\/\

2. Ac.0 CH=CH-CH=CHEt
- AC

pyridine

PROBLEM 7
How would you prepare samples of both geometrical isomers of this compound?

Ho/\/\/\/\/"lncozl_l
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PROBLEM 8
Which alkene would be formed in each of these elimination reactions? Explain
your answer mechanistically.

Ph3P® PhSO,
base Na/Hg
/'\/ RZ —» 2 RZE—» 2
R! = R! =
OH OAc
Me;Si Me;Si
R2 base , acid
R! = ’ R! =
OH OH
PROBLEM 9

Give mechanisms for these reactions, explaining the role of silicon.

o 1. NaH, OH
Oi Me;Si JK/OMS

—_—

SO,Ph 2. Bu,NF
S0,Ph

PROBLEM 10
Give mechanisms for these reactions, explaining the role of silicon. Why is this
type of lactone difficult to make by ordinary acid- or base-catalysed reactions?

0 MeSi~ “MgCl
OR LeW|s acid
I s Eoc
Et0,C ~ >CI )

SIMe3 (0}
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PROBLEM 11

How would you carry out the first step in this sequence? Give a mechansims for
the second step and suggest an explanation for the stereochemistry. You may
find that a Newman projection helps.

o} o o]
@\N 2 EtAICI,
—_— —_—
CHO
AN

siMea

PROBLEM 12

The following reaction between a phosphonium salt, base, and an aldehyde gives
a hydrocarbon CeHi> with the 200 MHz *H NMR spectrum shown. Give a structure
for the product and comment on its stereochemistry.

1. NaH

® 2
PhsP — = 7
~" % iPrcHO

THz«~

5Hz -

4Hz o x4 r x 4

5Hz -- 10 Hz|
7 Hz -
A x4 4 Hz—







Problems for Chapter 28

PROBLEM 1
How would you make these four compounds? Give your disconnections, explain
why you chose them and then give reagents for the synthesis.

O LI,
N ool st

PROBLEM 2
How would you make these compounds? Give your disconnections, explain why
you chose them and then give reagents for the synthesis.

Ph
/\/\/ )\/>(\)\
OH

PROBLEM 3
Suggest ways to make these two compounds. Show your disconnections and
make sure you number the functional group relationships.

0>< o MeO OMe
L I

2
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Problems to accompany Organic Chemistry

PROBLEM 4
Propose syntheses of these two compounds, explaining your choice of reagents
and how any selectivity is achieved.

PROBLEM 5
The reactions to be discussed in this problem were planned to give syntheses of
these three molecules.

o (0]
Ph/\/k/\r /U\/\COZMG CQ\AI\
1 2 3 0

In the event each reaction gave a different product from what was expected, as
shown below. What went wrong? Suggest syntheses that would give the target

molecules above.
0 0
PhCHO
—
H® |
Ph

0 ¢ CO,Me
~— 2 (o]
O LR come

€]
MeO
MeOH

Q- 7Y =
(o) (0}



Problems for Chapter 28 - Retrosynthetic analysis
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PROBLEM 6
The natural product nuciferal was synthesized by the route summarized here.

%} o JQ%@H

(o}

JoatiS oot

(a) Suggest a synthesis of the starting material.
(b) Suggest reagents for each step.

(c) Draw the retrosynthetic analysis giving the disconnections that you consider
the planners may have used and label them suitably.

(d) Which synthon does the starting material represent?

PROBLEM 7
Show how the relationship between the alkene and the carboxylic acid influences
your suggestions for a synthesis of these three compounds.

N0 INNA"coH AN"coH

PROBLEM 8
How would you make these compounds?

COH

OO0 0
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PROBLEM 9
Show how the relationship between the two carbonyl groups influences your
choice of disconnection when you design a synthesis for each of these ketones.

0 o 0 o o
R
o)

PROBLEM 10

A synthesis of this enantiomerically pure ant pheromone was required for the
purposes of pest control. Given a supply of the enantiomerically pure alkyl
bromide as a starting material, suggest a synthesis of the pheromone.

steps
Br -

ant pheromone o



Problems for Chapter 29

PROBLEM 1
For each of the following reactions (a) state what kind of substitution is suggested

and (b) suggest what product might be formed if monosubstitution occured.

/R Br, ) HNO,
—> ? — ?
N H2SO,

N
H
b ©
f\ Mecoc e
—» ? | —_— ?
S SnC|4 N/ F
PROBLEM 2
Give a mechanism for this side-chain extension of a pyridine.
CO,Et
Me;Si N /S|Me3
X CN
NZ (Et0)2C0

PROBLEM 3
Give a mechanism for this reaction, commenting on the position in the furan ring

that reacts.
OH
@
o0 £ 4
0 o

29
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PROBLEM 4
Suggest which product might be formed in these reactions and justify your

choice.
/ \ MeNCHO _HNO;
POCI3 H2804

PROBLEM 5
Explain the formation of the product in this Friedel-Crafts alkylation of an indole.

/\/ 2l A
AN
Lewis acid H Ph

PROBLEM 6
Suggest what the products of these nucleophilic substitutions might be.

NH, cl H
+ | — ? | bl — ?

P /) N

Cl N Cl N H
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PROBLEM 7

Suggest how 2-pyridone might be converted into the amine shown. This amine
undergoes nitration to give compound A with the NMR spectrum given. What is
the structure of A? Why is this isomer formed?

X X -
| | nitration A
Z _Pr CgH11N20;

NMR of A: 84 1.0 (3H, t, J 7 Hz), 1.7 (2H, sextet, J 7 Hz), 3.3 (2H, t, J 7 Hz), 5.9 (1H,
broad s), 6.4 (1H, d, J 8 Hz), 8.1 (1H, dd, J 8 and 2 Hz), and 8.9 (1H, d, J 2 Hz).
Compound A was needed for conversion into the enzyme inhibitor below. How
might this be achieved?

NH2

(l e

PROBLEM 8

The reactions outlined in the chart below were the early stages in a synthesis of an
antiviral drug by the Parke-Davis company. Consider how the reactivity of
imidazoles is illustrated in these reactions, which involve not only the skeleton of
the molecule but also the reagent D. You will need to draw mechanisms for the
reactions and explain how they are influenced by the heterocycles.

Ph
HNO 1. PhCHO N
\[ \> : j: \> \/I \> .
N H2504 O,N N 2. PhCH,CI oxidative

H K,CO;3 O>N \_P R
A B c
o)
HO,C S —
2 N\ N/\l |/\N 1.D O,N N
| > \_N_ N/ 2 tBuOK | \>
o,N~ N T MeNO,
2 \_ 02N N

D E (= CDI) F
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PROBLEM 9
What aromatic system might be based on this ring system? What sort of reactivity

might it display?
D
PROBLEM 10
Explain the order of events and the choice of bases in this sequence.

Br

U 1. LDA . 1. BuLi A
. =



Problems for Chapter 30

PROBLEM 1
Suggest a mechanism for this synthesis of a tricyclic aromatic heterocycle.

H
NH 0 N
N 2 base Z |
| + — /
— NS
N cl N

PROBLEM 2
Is the heterocyclic ring created in this reaction aromatic? How does the reaction
proceed? Comment on the regioselectivity of this cyclization.

(o}
Q\ )]\/ CO,Et N
—_—
HO OH H,SO, HO o (o}

PROBLEM 3
Suggest mechanisms for this unusual indole synthesis. How does the second
mechanism relate to electrophilic substitution on indoles (p. 746) ?

o 0 jL:
o)

Zan N
b ‘!!D’
N
SNNHPh H
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PROBLEM 4
Explain the reactions in this partial synthesis of methoxatin, the coenzyme of
bacteria living on methanol.

MeOZC

MeO. C
NH, 2 NH
_1HONO HCOM A
2. KOH, COZMe Tac
NHCHO NHCHO NHCHO
OMe OMe
MeOZC MeOZC
NH CO,Me CO,Me
HCLH,0 [/
MeZC—O
CO,Me N CO,Me

PROBLEM 5
Explain why these two quinoline syntheses from the same starting materials give
(mainly) different products.

Ph

AN
7 KOH H,0 2so4, HOAc

PROBLEM 6
Give mechanisms for these reactions used to prepare a fused pyridine. Why is it
necessary to use a protecting group?

Ph
Ph AN
\ HCI
+ o —> /N 0
ll\l dry Et,O Mme H
Me
(o) (0] (0] (0]
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PROBLEM 7
Identify the intermediates and give mechanisms for the steps in this synthesis of a
triazole.
cat
N
[ j ) /B
_> C10H17N0 _N
1. HCI N
CHCl;4 EtOH
- — c —
1. NaNO,, HCI B reflux  C16H21N503 2. NaOH
3 CGH4N402
2. NaOAc, NaN, J NO,
NO,
PROBLEM 8

Give detailed mechanisms for this pyridine synthesis.

7\
(0}
KOH, o
MeOH
OMe
25°C o
CHO
\ / o o
PROBLEM 9
Suggest a synthesis for this compound.
MeO NHPh
\ COZME
N
MeO H
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PROBLEM 10
How would you synthesize these aromatic heterocycles?

S N—NH



Problems for Chapter 31

PROBLEM 1
Predict the most favourable conformation for these insect pheromones.

OH
OH
o (o)
o o
PROBLEM 2

The Lolium alkaloids have a striking saturated heterocyclic skeleton. One way to
make this skeleton appears below. Suggest a mechanism and explain the
stereochemistry.

NHMe Br

Lolium alkaloid skeleton

31
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PROBLEM 3

One of the sugar components of the antibiotic kijanimycin has the basic structure
shown here and NMR spectrum given below. What is the stereochemistry? When
you have deduced the structure, suggest which conformation the molecule will
prefer.

Me
MeO OMe

HO

81 1.33 (3H, d, J 6 Hz), 1.61* (1H, broad s), 1.87 (1H, ddd, J 14, 3, 35 Hz), 2.21 (1H,
ddd, J 14, 3, 1.5 Hz), 2.87 (1H, dd, J 10, 3 Hz), 3.40 (3H, s), 3.99 (1H, dq, J 10, 3 Hz),
3.40 (3H, 5), 1.33 (3H, d, J 6 Hz), 4.24 (1H, ddd, J 3, 3, 3.5 Hz) and 4.79 (1H, dd, J 3.5,
1.5 Hz). The signal marked * exchanges with D-0.

PROBLEM 4
Explain why this cyclization gives a preponderance (3:1) of the oxetane, though
the tetrahydrofuran is much more stable.

I N
= N I S
— +
HO” “Ph f< D—Ph Ph
I o o

PROBLEM 5
Draw a mechanism for the following multistep reaction. Do the cyclization steps
follow Baldwin’s rules?

o/

(o) (0)

2M HCI
M N WOEt e N
H
OEt
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PROBLEM 6
Consider the question of Baldwin’s rules for each of these reactions. Why do you
think they are both successful?

HO

PROBLEM 7

A revision problem in spectroscopy. A Pacific sponge contains 2.8% dry weight of

a sweet-smelling oil with the following spectroscopic details. What is its structure

and stereochemistry?

Mass spectrum gives formula: CsHi60. IR 1680 and 1635 cm™.

81 0.90 (6H, d, J 7), .00 (3H, t, J 7), 1.77 (1H, m), 2.09 (2H, t, J 7), 2.49 (2H, g, 1 7),
5.99 (1H, d, J 16), and 6.71 (1H, dt, J 16, 7).

8¢ 8.15 (), 22.5 (two gs), 28.3 (d), 33.1 (t), 42.0 (t), 131.8 (d), 144.9 (d), and 191.6 (s).

PROBLEM 8

Reaction between this aldehyde and ketone in base gives a compound A with the
proton NMR spectrum: &u 1.10 (9H, s), 1.17 (9H, s), 6.4 (1H, d, J 15),and 7.0 (1H,d,J
15). What is its structure? (Don't forget stereochemistry!). When this compound
reacts with HBr it gives compound B with this NMR spectrum: 8+ 1.08 (9H, s), 1.13
(9H, s), 2.71 (1H, dd, J 1.9, 17.7), 3.25 (dd, J 10.0, 17.7), and 4.38 (1H, dd, J 1.9, 10.0).
Suggest a structure, assign the spectrum, and give a mechanism for the formation
of B.

(0]

(0}
. base A HBr B
H C11H200 C11Hz,BrO
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PROBLEM 9

Two diastereoisomers of this cyclic keto-lactam have been prepared. The NMR
spectra have many overlapping signals but the marked proton can be seen
clearly. In isomer Ait is at 6+ 4.12 (1H, g, J 3.5) and in isomer B it is &4 3.30 (1H, dt, J
4, 11). Which isomer has which stereochemistry?

(0)

PROBLEM 10
Given a sample of each of these two compounds, how would you determine the
stereochemistry?

PROBLEM 11

The structure and stereochemistry of the antifungal antibiotic ambruticin was in

part deduced from the NMR spectrum of this simple cyclopropane which forms

part of its structure. Interpret the NMR and show how it gives definite information

on the stereochemistry.

81 1.21 (3H, d, J 7 Hz), 1.29 (3H, t, J 9), 1.60 (1H, t, J 6), 1.77 (1H, ddq, J 13, 6, 7), 2.16
(1H, dt,J6,13),4.18 (2H, g, J 9), 6.05 (1H, d, J 20), and 6.62 (1H, dd, J 20, 13).

N

+Bu0,C CO,Et
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PROBLEM 12

A reaction produces two diastereoisomers of the product below: isomer A has &x
3.08 (1H, dt, J 4,9, 9) and 4.32 (1H, d, J 9), while isomer B has 4 4.27 (1H, d, J 4). All
other protons (except those of the Me groups) overlap in the NMR. Isomer B is
converted into isomer A in base. What is the stereochemistry of A and B?

CN
MeO CO,Me

PROBLEM 13

Muscarine, the poisonous component of the death cap mushroom, has the

structure below. We give the proton NMR spectrum. Can you see any definite

evidence for the stereochemistry? Couplings are in Hz, m stands for multiplet, and

* means that the proton exchanges with D20.

84 1.16 (3H, d, J 6.5), 1.86 (1H, ddd, J 12.5, 9.5, 9.5), 2.02 (1H, ddd, J 12.5, 6.0, 2.0),
3.36 (9H, s), 3.54 (1H, dd, J 13, 9.0), 3.92 (1H, dq, J 2.5, 6.5), 4.03 (1H, m), 4.30*
(1H,d,J3.5), and 4.68(1H, m).

HO,

®
/O\/NM%
(o)

PROBLEM 14
Treatment with base of the two compounds shown here gives an unknown
compound with the spectra given below. What is its structure?

CHO
©/ /©/\CI base
W — ?
O,N

m/z: 241 (M*, 60%), 90 (100%), 89 (62%)
8 (ppm in CDCls) 3.89 (1H, d, J 3 Hz), 4.01 (1H, d, J 3 Hz), 7.31 (5H, s), 7.54 (2H, d,
310 Hz) and 8.29 (2H, d, J 10 Hz)

dc (ppm in CDCls) 62, 64, 122, 125, 126, 127, 130, 136, and 148 (the last three are
weak).






Problems for Chapter 32

PROBLEM 1
Explain how the stereo- and regio-chemistry of these reactions are controlled.

Why is the epoxidation only moderately diastereoselective, and why does the

amine attack where it does?
CO,Me CO,Me HO,, CO,Me
m CPBA RNH, q
‘) —_—>
RHN

heat R
—_—

OH

PROBLEM 2
Explain the stereochemistry of this sequence of reactions, noting the second step
in particular.
COZEt H :—OH
1. H,, Pd/C = 3
= — =
2. NaOEt C’/\>
. 3. LiAlH, N
PROBLEM 3

Comment on the control over stereochemistry achieved in this sequence.

\\\ \\ \\ \\R1
NaBH4 W MsCI W NH3 HN W
Et3 n2

HO— MsO

iy
'II/,

/Ill[,

OH
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PROBLEM 4
What controls the stereochemistry of this product? You are advised to draw the
mechanism first and then consider the stereochemistry.

H
© 0
1. MeMgBr o
CO,Et 2 H®

PROBLEM 5
Why is one of these esters more reactive than the other?

H
CO,Et 1.NaOH, H,0
e
CO,Et  2.HCI
H

PROBLEM 6
Explain the stereoselectivity in these reactions.

(0]
CO,Et HO CO,Et HO
Br NH
X N CN KOH N (o}
—_— —_—
7
N K;CO; N/ N/
o
HO
NH
1. Cr(VI) N 0
—_—
2. NaBH, —
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PROBLEM 7

The synthesis of a starting material used in chapter 32 (p. 834) is a good example
of how cyclic compounds can be used in a simple way to control stereo-
chemistry. Draw mechanisms for each reaction and explain the stereochemistry.

1.TsCl
HO\\\\\\(\A\O 2K,COp b4, COMe * [w/\} culi —>
MeOH H

Y 2

& 1.LDA @

\ — W\

\K\ 07 © 2 PhseBr Y\ o’ ©
3. H,0,

PROBLEM 8
Draw conformational drawings for these compounds. State in each case why the
substituents have the positions you give. To what extent could you confirm your

predictions experimentally?
HO" : Br

OH fo)

Tl

PROBLEM 9
Predict which products would be formed on opening these epoxides with a
nucleophile, say cyanide ion.



134

Problems to accompany Organic Chemistry

PROBLEM 10
These two sugar analogues are part structures of two compounds used to treat
poultry diseases. Which conformation will they prefer?

\\\OMe
Q o
HO (0] Me

Me” >0~ ““OH

OMe

PROBLEM 11

Suggest a mechanism for the following reaction. The product has the following
signals in its *H NMR spectrum: &4 3.9 (1H, ddq, J 12, 4, 7) and 4.3 (1H, dd, J 11, 3).
What is the stereochemistry and conformation of the product?

)\/\/L °
—
X OH
Br

PROBLEM 12
Revision problem. Give mechanisms for each step in this synthesis and explain any
regio- or stereochemistry.




Problems for Chapter 33

PROBLEM 1

How would you make each diastereocisomer of this product from the same
alkene?

PROBLEM 2

Explain the stereochemistry shown in this sequence of reactions.

COZBn

g02Bn
Zn(BH4)2 = 1. 03
— —
2. M92$
(0] R OH R
(o} CO,Bn OH CO,Bn
)H/\ Zn@HY, 2
/Y\
OH R OH R

PROBLEM 3

How is the relative stereochemistry of this product controlled? Why was this
method chosen?

—

OBn
\/'\/302Ph . /\)\) base
OBn Li

OBn
> M

SO,Ph
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PROBLEM 4

When this hydroxy-ester is treated with a two-fold excess of LDA and then
alkylated, one diastereoisomer of the product predominates. Why?

OH
OH 1.2 x LDA z
S _— T
/\/CO2Et 2. /\/Br

PROBLEM 5
Explain the stereochemical control in this reaction, drawing all the intermediates.

1 LDA R
Me;SiO 2. RCHO Me;SiO
o OH

PROBLEM 6
Explain how the stereochemistry of this epoxide is controlled.

1. |2, NaHCO:;
\)\/C02H —s> I\ ozl
o"

2. MeO

PROBLEM 7
Explain how these reactions give different isomers of the same product.

: Ph H
Phj\("h LiAIH, phj\{ PhMgBr phj\’(
0 )

OH
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PROBLEM 8
Explain the stereoselectivity of this reaction. What isomer of the epoxide would be
produced by treatment of the product with base?

cl cl
NaBH,
e
o OH

PROBLEM 9
How could this cyclic compound be used to produce the open-chain compound
with correct relative stereochemistry?

0 ?
>< — CO,Me
(o) OHC
(0]
H
(0]

PROBLEM 10
How would you transform this alkene stereoselectively into either of the
diastereoisomers of the amino alcohol?

o

OH

NH,

PROBLEM 11
Explain the formation of essentially one stereoisomer in this reaction.

CHo /\><OSiMe3 —

OLi

x
N T



138 Problems to accompany Organic Chemistry

PROBLEM 12

The following sequences show parts of the syntheses of two different HIV
protease inhibitors. What reagents are required for steps 1-4? (For steps 1 and 3,
consider carefully how the stereochemistry of the product might be controlled.)

NBn2 NBn2 NHz
= step 1 = step 2 =
Ph ~ —> Ph ~ CN ——>» Ph ~ CO,H
\/\CHO \/\r \/\( 2
OH OH
NHBoc NHBoc NHBoc



Problems for Chapter 34

PROBLEM 1
Predict the structure of the product of this Diels-Alder reaction.

002Me
(T

Me3Si0

PROBLEM 2
Comment on the difference in rate between these two reactions.

155 °C

half life
15 hours

65 °C
half life
1 hour
(0]

PROBLEM 3
Justify the stereoselectivity in this intramolecular Diels-Alder reaction.

(0]

34
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PROBLEM 4
Explain the formation of single adducts in these reactions.

(0]
=z
NN +
OMe OMe
HO (0]

Cl 180 °C
—
X
(0)
PROBLEM 5

Suggest two syntheses of this spirocyclic ketone from the starting materials
shown. Neither starting material is available.

0 o) CHO
? ? ? ?

PROBLEM 6
Draw mechanisms for these reactions and explain the stereochemistry.

OH NH,

® o
/ﬁ 1. Ph—=N-0
2. LiAIH, Ph
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PROBLEM 7
Give mechanisms for these reactions and explain the regio- and stereochemical
control (or lack of it!). Note that MnO2 oxidizes allylic alcohols to enones.

™ H 1.2n,

N Y _HOAc

N \oe mixture of diastereoisomers

PROBLEM 8
Suggest a mechanism for this reaction and explain the stereo- and
regiochemistry.

Me
Z "0 heat
X + \E:\I\ —>
(0]
o = o

Meozc MeOZC

PROBLEM 9

Photochemical cycloaddition of these two compounds is claimed to give the
diastereoisomer shown. The chemists who did this work claimed that the
stereochemistry of the adduct is simply proved by its conversion into a lactone on
reduction. Comment on the validity of this deduction and explain the
stereochemistry of the cycloaddition.

002Me Q
COzMe

Me02C

MeOZC

£

MeO,C H
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PROBLEM 10

Thioketones, with a C=S bond, are not usually stable. However, this thioketone is
quite stable and undergoes reaction with maleic anhydride to give an addition
product. Comment on the stability of the thioketone, the mechanism of the
reaction, and the stereochemistry of the product.

o)
O p —
(o)

PROBLEM 11
This unsaturated alcohol is perfectly stable until it is oxidized with Cr(VI): it then
cyclizes to the product shown. Explain.

OH

N\/\)\/ et

PROBLEM 12
Give mechanisms for these reactions, explaining the stereochemistry.

o Et;N )J\M Et,N

- —>
@ cocl

o H

(o) H

H H



Problems for Chapter 35

PROBLEM 1
Give mechanisms for these steps, commenting on the regioselectivity of the
pericyclic step and the different regioselectivity of the two metals.

(0]

CHO
1. /\MgBr

2. Mn02
0 H O
P,0s Me,CulLi
—

—_—

MeOH aqueous
work-up

PROBLEM 2
Predict the product of this reaction.

MeC(OEt);

AN an unsaturated
) = ethyl ester

OH catH

PROBLEM 3
Give mechanisms for this alternative synthesis of two fused five-membered rings.

% 0
wle ACl, sncl,
STt
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PROBLEM 4
Explain what is going on here.

MOTS 200 °C
— > X —
base

PROBLEM 5

A tricyclic hydroxyketone was made by hydrolysis of a bis silyl ether. Further
reaction gave a new compound. Explain these reactions including the
stereochemistry. The diene has the proton NMR spectum: &+ 6.06 (1H, dd, J 10.3,
12.1), 6.23 (1H, dd, J 10.3, 14.7), 6.31 (1H, d, J 14.7), and 7.32 (1H, d, J 12.1). Does
this agree with the structure given?

1. TsCl, pyridine

j Hel 2.PhSNa, DMF_ /
H,0 HO\7 3.NaBH,, EtOH —
OSiMe; 4. Acy0, pyridine  p.0 H
OSiMe; 0

460 °C
SPh
—_— AcO /\/\/

PROBLEM 6
Treatment of this imine with base followed by an acidic work-up gives a cyclic
product with two phenyl groups cis to one another. Why is this?

Ph
Ph A )\
ase 72
N “NH
4 —_—n
PhANJ\N/\Ph acidic work-up ; <

Ph Ph
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PROBLEM 7
This problem concerns the structure and chemistry of an unsaturated nine-
membered ring. Comment on the structure. Explain its different behaviour under

thermal or photochemical conditions.

Z
hv heat
"/ =<-—— N\ J —
H\\ y I/’H N

|
CO,Et

(111}= o
-2

=110

| CO,Et

PROBLEM 8
Propose a mechanism for this reaction that accounts for the stereochemistry of

the product.

Ph 'I’h
ll‘l /TN Ph,, N_ 4Ph
Hir / \oH Et0,C COEt ,
Ph Ph heat B
Et0,C CO,Et
PROBLEM 9

Treatment of this amine with base at low temperature gives an unstable anion
that isomerizes to another anion above -35 °C. Aqueous work-up gives a bicyclic
amine. What are the two anions? Explain the stereochemistry of the product. In
the NMR spectrum of the product the two protons in the grey box appear as an
ABX system with Jas 15.4 Hz. Comment.

KNH _3E o H,O
‘ O —32 7@ 2358 g0 T2y
NH;(1)

Me
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PROBLEM 10

How would you make the starting material for these reactions? Treatment of the
anhydride with butanol gives an ester that in turn gives two inseparable
compounds on heating. On treatment with an amine, an easily separable mixture
of an acidic and a neutral compound is formed. What are the components of the
first mixture and how are they formed?

0

CO,H
(o) —»BUOH A+B R_3N> = + BuO \/&
DMAP uo,C o >0
X _~CO,Bu
(0]
PROBLEM 11

Treatment of this keto-aldehyde (which exists largely as an enol) with the
oxidizing agent DDQ ( a quinone—see p. 764 of the textbook) gives an unstable
compound that turns into the product shown. Explain the reactions and comment
on the stereochemistry.

OHC : % DDQ OHC :Z\f
—> A —>
(o) HO

PROBLEM 12

Explain the following observations. Heating this phenol brings it into rapid
equilibrium with a bicyclic compound that does not spontaneously give the final
product unless treated with acid.

H
H
heat acid
J e 00 =00
OH OH OH
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PROBLEM 13

Treatment of cyclohexa-1,3-dione with this acetylenic amine gives a stable
enamine in good yield. Refluxing the enamine in nitrobenzene gives a pyridine
after a remarkable series of reactions. Fill in the details, give mechanisms for the
reaction, structures for the intermediates, and suitable explanations for each
pericyclic step. A mechanism is not required for the last step as nitrobenzene
simply acts as an oxidant.

=
2
I

9






Problems for Chapter 36

PROBLEM 1
Rearrangements by numbers: just draw a mechanism for each reaction.

? (o]
L BF; 0
whoyCo T IS
R (o]
H
Br
Zn
/\/\/\/[ C;t@:o
OHC Z CO,Me o
H

W
o BF 3

(o]
> — K\[°
(o]
OH OH o

i
nx

PROBLEM 2
Explain this series of reactions.

0
1. NH,OH 0o

—_—
2. TsCl, pyridine

4=

36
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PROBLEM 3

Draw mechanisms for the reactions and structures for the intermediates. Explain
the stereochemistry, especially of the reactions involving boron. Why was 9-BBN
chosen as the hydroborating agent?

HO
1. 9-BBN \\\\OMS Na2003
.
2. H202, NaOH Hzo
3. MsCl, Et;N

1. TsCl

—
2.9-8BN HO'"
NaOH

PROBLEM 4

It is very difficult to prepare three-membered lactones. One attempted
preparation, by the epoxidation of di-t-butyl ketone, gave an unstable compound
with an IR stretch at 1900 cm. This compound decomposed rapidly to a four-
membered ring lactone that could be securely identified. Do you think they made
the three-membered ring?

PROBLEM 5
Suggest a mechanism for this rearrangement.

Me

Br2
ql NaOH
Me
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PROBLEM 6
A single enantiomer of the epoxide below rearranges with Lewis acid catalysis to

give a single enantiomer of the product. Suggest a mechanism and comment on
the stereochemistry.

o) CHO
”I’// \\\\COZ Et BFS u,,;‘<
‘ ‘ —_—
Ph™ co,Et

Ph H
(+) )

PROBLEM 7

The ‘pinacol’ dimer of cyclobutanone rearranges with expansion of one of the
rings in acid solution to give a cyclopentanone fused spiro to the remaining four-
membered ring. Draw a mechanism for this reaction. Reduction of the ketone
gives an alcohol that rearranges to a bicyclic alkene also in acid. Suggest a
mechanism for this reaction and suggest why the rearrangements happen.

HO OH 0 HO
H® reduce H®
— — — <:[E>

PROBLEM 8
Give the products of Baeyer-Villiger rearrangements on these compounds, with

reasons.

o (0]
0~ o :
(o] (enantiomerically pure)

=+

=110
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PROBLEM 9
Suggest mechanisms for these rearrangements, explaining the stereochemistry in

the second reaction.

0= O~ g
HCI Br,

o

H,N H,N

NH
NaHCO,

PROBLEM 10
Give mechanisms for these reactions that explain any selectivity.

Me (0] OH OH

<a40H TsSOH TsOH

[E . el

= YOH

Me 100% yield HO o
PROBLEM 11

Attempts to produce the acid chloride from this unusual amino acid by treatment
with SOCI. gave instead a -lactam. What has happened?

Cl

socl,
t-Bu/N:l/cozH —> N

t-Bu (0]
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PROBLEM 12

Treatment of this hydroxy-ketone with base followed by acid gives the enone
shown. What is the structure of intermediate A, how is it formed, and what is the
mechanism of its conversion to the final product?

OH
base acid
—» A —>»
(0]
(o)

PROBLEM 13
Just to check your skill at finding fragmentations by numbers, draw the

mechanism for each of these one-step fragmentations in basic solution with

acidic work-up.
1. base
MsO 2. acid
—
(o)
HO

CO,H

PROBLEM 14
Explain why both these tricyclic ketones fragment to the same diastereoisomer of

the same cyclo-octane.

(0} (0]
KOH KOH
EtOH EtOH

OAc OAc
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PROBLEM 15

Suggest a mechanism for this fragmentation and explain the stereochemistry of
the alkenes in the product. This is a tricky problem, but find the mechanism and
the stereochemistry will follow.

(0)

cop o
0 d 165 °C )
—_—
(0]
X
TsO

PROBLEM 16
Suggest a mechanism for this reaction and explain why the molecule is prepared
to abandon a stable six-membered ring for a larger ring.

OH o
(o]
NaH
(o]
(o)
(o}

PROBLEM 17
Give mechanisms for these reactions, commenting on the fragmentation.

H
= CO,H

Q,N
=
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PROBLEM 18
Suggest mechanisms for these reactions, explaining the alkene geometry in the
first case. Do you consider that they are fragmentations?

HBr

R—»Br = R
HO

(0] OAc NaOH
—>

PROBLEM 19
What steps would be necessary to carry out an Eschenmoser fragmentation on
this ketone, and what products would be formed?

COZMe

PROBLEM 20
Revision content. Suggest mechanisms for these reactions to explain the

stereochemistry.
Br WOH
\ AgOAc
—
AcOH el
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PROBLEM 1
Give a mechanism for the formation of this silylated ene-diol and explain why the
MesSiCl is necessary.

74 Me;SiCl 7
—_—
COzMe Na
CO,Me OSiMe;

OSiMes

PROBLEM 2

Heating the diazonium salt below in the presence of methyl acrylate gives a
reasonable yield of a chloroacid. Why is this unlikely to be nucleophilic aromatic
substitution by the Sx1 mechanism (p. 520 of the textbook)? Suggest an
alternative mechanism that explains the regioselectivity.

®

Nz X CO:Me Cl
S =~ " =
/©/ c heat CO,Me
cl cl

PROBLEM 3
Suggest a mechanism for this reaction and comment on the ring size formed.
What is the minor product likely to be?

CN

CN
(PhCO,), COEt | minor
= CO,Et E— product
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PROBLEM 4

Treatment of this aromatic heterocycle with NBS (N-bromosuccinimide) and AIBN
gives mainly one product but this is difficult to purify from minor impurities
containing one or three bromine atoms. Further treatment with 10% aqueous
NaOH gives one easily separable product in modest yield (50%). What are the
mechanisms for the reactions?

N
[/ | 1 NBS, AIBN [
SN 2.10% NaOH

PROBLEM 5
Propose a mechanism for this reaction accounting for the selectivity. Include a
conformational drawing of the product.

(0)
Busan
AIBN MeO,C w "y

002Me

PROBLEM 6

An ICI process for the manufacture of the diene used to make pyrethroid
insecticides involved heating these compounds to 500 °C in a flow system.
Propose a radical chain mechanism for the reaction.

500 °C
+ Cl —_—
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PROBLEM 7
Heating this compound to 560 °C gives two products with the spectroscopic data
shown below. What are they and how are they formed?

560 °C
Cl

A has IR 1640 cm™; m/z 138 (100%) and 140 (33%), &1 (ppm) 7.1 (4H, s), 6.5 (1H, dd,
J17,11 Hz), 5.5 (1H, dd, J 17, 2 Hz), and 5.1 (1H, dd, J 11, 2 Hz).

B has IR 1700 cm-%; m/z 111 (45%), 113 (15%), 139 (60%), 140 (100%), 141 (20%),
and 142 (33%), 1 (ppm) 9.9 (1H, s), 7.75 (2H, d, J 9 Hz), and 7.43 (2H, d, J 9 Hz).

PROBLEM 8

Treatment of methylcyclopropane with peroxides at very low temperature
(150 °C) gives an unstable species whose ESR spectrum consists of a triplet with
coupling of 20.7 gauss and fine splitting showing dtt coupling of 2.0, 2.6, and 3.0
gauss. Warming to a mere -90 °C gives a new species whose ESR spectrum
consists of a triplet of triplets with coupling 22.2 and 28.5 gauss and fine splitting
showing small ddd coupling of less than 1 gauss.

t-BuOO#-B
Dwe FHOOBL g
—150 °C —90°C

If methylcyclopropane is treated with t-BuOClI, various products are obtained but
the two major products are C and D. At lower temperatures more of C is formed
and at higher temperatures more of D.

t-BuOCI

[>—Me — [>_c + A"
c D

Treatment of the more substituted cyclopropane below with PhSH and AIBN gives
a single product in quantitative yield. Account for all these reactions, identifying A
and B and explaining the differences between the various experiments.

PhSH, AIBN
/\[>\ph —— 1 » PRSP
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PROBLEM 9
The last few stages of Corey’s epibatidine synthesis are shown here. Give
mechanisms for the first two reactions and suggest a reagent for the last step.

Br NHCOCF, ﬁ:OCFs
+BuOK, cl
X THF, 78 *C N = |
Br™ —»
' 75%yield BT N
NT i
COCF;
| cl H Cl
Bu;SnH, AIBN N = ? N z
b fl | |
enzene, reflux N
95% yield N X
PROBLEM 10

How would you make the starting material for this sequence of reactions? Give a
mechanism for the first reaction that explains its regio- and stereoselectivity. Your
answer should include a conformational drawing of the product. What is the
mechanism of the last step? Attempts to carry out this last step by iodine/lithium
exchange and reaction with allyl bromide failed. Why? Why is the alternative
shown here successful?

002 /\/ SnBu3 g
Q/ Nch03 W AlBN /\ o

PROBLEM 11

Suggest a mechanism for this reaction explaining why a mixture of
diastereoisomers of the starting material gives a single diasterecisomer of the
product. Is there any other form of selectivity?

P
2
~
“

Br
oS /l: 1. Bu;SnH, AIBN
0~ “oEt 2. Cr(VI), H,SO, o O
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PROBLEM 12

Reaction of this carboxylic acid (CsHsO2) with bromine in the presence of
dibenzoyl peroxide gives an unstable compound A (CsHeBr20>) that gives a stable
compound B (CsHsBrOz) on treatment with base. Compound B has IR 1735 and
1645 cm and NMR &4 6.18 (1H, s), 5.00 (2H, s) and 4.18 (2H, s). What is the
structure of the stable product B? Deduce the structure of the unstable
compound A and mechanisms for the reactions.

Br, base
X COH —— » A 5 B

(PhCO,),
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PROBLEM 1
Suggest mechanisms for these reactions.

MeOCHch CHBr; Br
—_—
BuLl t-BuOK Br

PROBLEM 2
Suggest a mechanism for this reaction and explain the stereochemistry.

(o}
come SUSOs_
COZMe

PROBLEM 3
Comment on the selectivity shown in these reactions.

OMe
CH2I2 N,CHCO,Et
—>
Zn/Ag Cu(l)

PROBLEM 4
Suggest a mechanism for this ring contraction.

COZMe
N2
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PROBLEM 5
Suggest a mechanism for the formation of this cyclopropane.

+
ci X OH YC

\\<

PROBLEM 6

Decomposition of this diazo compound in methanol gives an alkene A (CgH140)
whose NMR spectrum contains two signals in the alkene region: &x 3.50 (3H, s),
5.50 (1H, dd, J 17.9, 7.9), 5.80 (1H, ddd, J 17.9, 9.2, and 4.3), 4.20 (1H, m) and 1.—-2.7
(8H, m). What is its structure and geometry?

MeOH A
N, ——» CgHy0

When you have done that, suggest a mechanism for the reaction using this extra
information: Compound A is unstable and even at 20 °C isomerizes to B. If the
diazo compound is decomposed in methanol containing a diene, compound A is
trapped as the adduct shown. Account for all these reactions.

OMe
OMe

PROBLEM 7

Give a mechanism for the formation of the three-membered ring in the first of
these reactions and suggest how the ester might be converted into the amine
with retention of configuration

=110

Cu(l) ?
/\ + N CO,Et —_— COEt ——» NH
Ph™ X 2 VM2 Ph/ﬂ/ 2 Ph/ﬂ/ 2
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PROBLEM 8
Explain how this highly strained ketone is formed, albeit in very low vyield, by

these reactions. How would you attempt to make the starting material?

Me;,Si Me;Si
1. (COCI),, 2. CH,N,
CO,H > o
3. Cu(l)Br .
Me,Si Me,Si
PROBLEM 9

Attempts to prepare compound A by phase-transfer catalysed cyclization
required a solvent immiscible with water. When chloroform (CHCIs) was used,
compound B was formed instead and it was necessary to use the more toxic CCls
for success. What went wrong?

ci_ cl
Br
o] 0
Br NHR Na_o“, | and/or
R4N® N\R N\
(0] A B R

solvent

PROBLEM 10
Revision content. How would you carry out the first step in this sequence?
Propose mechanisms for the remaining steps explaining any selectivity.

(o]
(0] OSIMea cl OSIMe3
? CI,CCO,Na
— _—
Me —
0 N4
cl
HCI MeNH, cl
—
H,0 H,0
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PROBLEM 11
How would you attempt to make these alkenes by metathesis?

OH
(0]

HO

PROBLEM 12
Heating this acyl azide in dry toluene under reflux for three hours gives a 90%
yield of a heterocycle. Suggest a mechanism, emphasizing the role of any reactive

intermediates.
N
N heat
s, S—o0
toluene N
NH, M

PROBLEM 13
Give mechanisms for the steps in this conversion of a five- into a six-membered
aromatic heterocycle.

|
I\ CI;CCO,Na | - °
—_—
N reflux in DME, _
H work-up in aqueous base N
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PROBLEM 1

Propose three fundamentally different mechanisms (other than variations of the
same mechanism with different kinds of catalysis) for this reaction. How would (a)
D labelling and (b) 20 labelling help to distinguish the mechanisms? What other
experiments would you carry out to rule out some of these mechanisms?

0N ON
\<I>: NaOH \@\Aco?
o —
o H0 OH

PROBLEM 2
Explain the stereochemistry and labelling pattern in this reaction.
+Bu * _ 180 t-Bu

*
enantiomerically 0 H,S0, 0* racemic

pure — »
2, JJ\ HOAc “, )J\
‘0 ‘0
*

PROBLEM 3
The Hammett p value for migrating aryl groups in the acid-catalysed Beckmann
rearrangement is —2.0. What does that tell us about the rate-determining step?

X ® TN o]
X " H X
P e — > = H Me
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PROBLEM 4

Between pH 2 and 7 the rate of hydrolysis of this ester is independent of pH. At pH
5 the rate is proportional to the concentration of acetate ion (AcO-) in the buffer
solution and the reaction goes twice as fast in H20 as in D20. Suggest a
mechanism for the pH-independent hydrolysis. Above pH 7 the rate increases
with pH. What kind of change is this?

(0] (0]
NaOAc
—_— > + EtSH
F3C SEt H,0 F3C OH

PROBLEM 5
In acid solution, the hydrolysis of this carbodiimide has a Hammett p value of —0.8.
What mechanism might account for this?

N H®
Ar C.. _Ar —>» ArNH,
~ e
N Hy

PROBLEM 6

Explain the difference between these Hammett p values by mechanisms for the
two reactions. In both cases the ring marked with the substituent X is varied.
When R =H, p=-0.3 butwhen R=Ph, p=-5.1.

R
LN & NaOH N
- H20 EtOH

PROBLEM 7
Explain how chloride catalyses this reaction.

(0] (0]
e
MeOH, CI
OMe

O,N MeCN O,N

Cl
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PROBLEM 8
The hydrolysis of this oxaziridine in 0.1M sulfuric acid has k(H20)/k(D20) = 0.7 and
an entropy of activation of AS =-76 J mol-K-%. Suggest a mechanism.

(0} H®
< _t+Bu — 3 PhCHO + +BuNHOH
Ph N H,0

PROBLEM 9

Explain how both methyl groups in the product of this reaction come to be
labelled. If the starting material is reisolated at 50% reaction, its methyl group is
also labelled.

artl
OMe 0 @ deEtergted OMe
+ Ag : A
_CD, > :
cl (o] Y '
Me partly
deuterated
PROBLEM 10
The pKa values of some protonated pyridines are as follows:
X H 3-Cl 3-Me 4-Me 3-MeO 4-MeO 3-NO:
pKa 5.2 2.84 5.68 6.02 4.88 6.62 0.81
X X
X—- |
k@/ —_— P>
ll\l N
H

Can the Hammett correlation be applied to pyridines using the o values for
benzene? What equilibrium p value does it give and how do you interpret it? Why
are no 2-substituted pyridines included in the list?



170

Problems to accompany Organic Chemistry

PROBLEM 11

These two reactions of diazo compounds with carboxylic acids give gaseous
nitrogen and esters as products. In both cases the rate of reaction is proportional
to [diazo compound][RCOzH]. Use the data for each reaction to suggest mechan-
isms and comment on the difference between them.

/AL Ar (0]
RCO,H )
@ 2 p=16
Ar” NS = Ar)\oJ\R +N K(RCO,H)/ k(RCO,D) = 3.5
S RCO,H i
S 2 +N
Et0,C ~ SN .o 2 KRCO,D) K(RCO,H) = 2.9
’ SN > Eto,C /\OJ\R 2 2
PROBLEM 12

Suggest mechanisms for these reactions and comment on their relevance to the
Favorskii family of mechanisms.

I//,

1. Br2

2. Et0°, EtOH

Ph Ph

o o
MeO ", MeOH Br Me MeO~,MeOH
-——— pj base added 5. Ph

bromoketone base added to
added to base fo) bromoketone CO,Me
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PROBLEM 13

A typical Darzens reaction involves the base-catalysed formation of an epoxide
from an a-haloketone and an aldehyde. Suggest a mechanism consistent with the
data below.

0 ArCHO 0
)J\/CI © 7
Ph EtO~, EtOH Ph Ar

(@) The rate expression is: rate = ks[PhCOCH:CI][ArCHO][EtO"]
(b) When Ar is varied, the Hammett p value is +2.5.

(c) The following attempted Darzens reactions produced unexpected results:

OHC o Qo ph
o EtO°, EtOH
)J\/CI * i
= OMe cl
OHC o
2 Et0°, EtOH N
Ph o Ph

PROBLEM 14
If you believed that this reaction went by elimination followed by conjugate
addition, what experiments would you carry out to try and prove that the enone is
an intermediate?

(0]

(0}
JJ\/\ e )J\/\
—— =
Ph Cl Hy,O,EtOH ph CN
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PROBLEM 1
Suggest mechanisms for these reactions, explaining the role of palladium in the

first step.

(o} o (o}
AcO OEt NBS o
OEt
—_— .
o (PhsP),Pd . H,0 o o
o
1. Ph,P
—_— (o)
2. K,CO,4
PROBLEM 2

This Heck-style reaction does not lead to regeneration of the alkene. Why not?
What is the purpose of the formic acid (HCO2H) in the reaction mixture?

Ph
Lb Phl, cat. (PhsP),Pd(OAc), b
HCO,H, R,NH, DMF H

PROBLEM 3
Cyclization of this unsaturated amine with catalytic Pd(ll) under an atmosphere of
oxygen gives a cyclic unsaturated amine in 95% yield. How does the reaction
work? Why is the atmosphere of oxygen necessary? Explain the stereochemistry
and regiochemistry of the reaction. How would you remove the CO2Bn group
from the product?

O/\/ BRSCHIY o mam
— =
0,

({1
-4

T

CO,Bn
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PROBLEM 4
Suggest a mechanism for this lactone synthesis.

Br CO, Bu;N
> o
OH cat. Pd(OAc), PhsP

PROBLEM 5
Explain why enantiomerically pure lactone gives syn but racemic product in this
palladium-catalysed reaction.

CO,H
MeO,C \/COZMe
S}
(0) — CO,Me
(Ph3P),Pd
(-)-lactone syn but CO,Me
racemic

PROBLEM 6
Explain the reactions in this sequence, commenting on the regioselectivity of the
organometallic steps.

O  OSiMes
B Moo CHO Pd(o)
@
H, H,0 work-up Cu(), 02
R~ N
NH;, N |
—>



Problems for Chapter 40 - Organometallic chemistry

175

PROBLEM 7

Give a mechanism for this carbonylation reaction. Comment on the
stereochemistry and explain why the yield is higher if the reaction is carried out
under a carbon monoxide atmosphere.

PhsP__ _CI o

BuzSn __— Ph;P~ “CH,Ph o _
—

PhCOCI

Hence explain this synthesis of part of the antifungal compound pyrenophorin.

% o. BusSnH pBy,sn 0.
Bn BN \/\n/ Bn
(0]

o}
Ph,P.  _CI
PhsP'Pd\CH Ph i
2 2 A %~g
cocl D
0SiPh,t-Bu o}
OSiPh,t-Bu

PROBLEM 8
A synthesis of an antifungal drug made use of this palladium-catalysed reaction.
Give a mechanism, explaining the regio- and stereochemistry.

l}lle t-Bu
NHMe Z N \/\/
OAc
(PhsP),Pd
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PROBLEM 9
Work out the structures of the compounds in this sequence and suggest
mechanisms for the reactions, explaining any selectivity.

OH

P /\X Pd(ll) KOH
—» ~ ——>» B ——>»
CHO ™t with A M cuclo, = M0, THF

catalyitc acid

B has IR: 1730, 1710 cm, 84 9.4 (1H, s), 2.6 (2H, s), 2.0 (3H, s), and 1.0 (6H, s).
C has IR: 1710 cm, 84 7.3 (1H, d, J 5.5 Hz), 6.8 (1H, d, J 5.5 Hz), 2.1 (2H, s), and 1.15
(6H, s).

PROBLEM 10

A synthesis of the Bristol-Myers Squibb anti-migraine drug Avitriptan (a 5-HT
receptor antagonist) involves this palladium-catalysed indole synthesis. Suggest a
mechanism and comment on the regioselectivity of the alkyne attachment.

"y
N\) OMe
o

\ [
0=% >
ST * | | cat. Pd(OAc),, PhsP
NHZ LiCl, N32C03

SiEt, H,0, MeCN
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PROBLEM 1
Explain how this synthesis of amino acids, starting with natural proline, works.

Explain the stereoselectivity of each step after the first.

CF,CO,H

NH,

PROBLEM 2
This is a synthesis of the racemic drug tazodolene. If the enantiomers of the drug

are to be evaluated for biological activity, they must be separated. At which stage
would you recommend separating the enantiomers and how would you do it?

(0]
)k )J\ HO AN NH2
2 H,, catalyst
N \/\/OH \/\/OH 'Lj
HCI Ph3PBr,
OH = =
X X
H

Ph Ph Ph
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PROBLEM 3
How would you make enantiomerically enriched samples of these compounds
(either enantiomer)?

@Aou

PROBLEM 4

In the following reaction sequence, the stereochemistry of mandelic acid is
transmitted to a new hydroxy-acid by stereochemically controlled reactions. Give
mechanisms for each reaction and state whether it is stereospecific or
stereoselective. Offer some rationalization for the creation of new stereogenic
centres in the first and last reactions.

o
I

OH

(0] (0]
HO.C __Ph tBucHO +Ph  1.LDA
E S o) * —__ » O 1Ph
OH \ o 2.PBr |
(S-(+)-mandelic & $
acid -Bu t-Bu
H® HO,C \(\/
H,0 Ph 'OH
PROBLEM 5

This reaction squence can be used to make enantiomerically enriched amino
acids. Which compound is the origin of the chirality and how is it made? Suggest
why this particular enantiomer of the product amino acid might be formed.
Suggest reagents for the last stages of the process. Would the enantiomerically
enriched starting material be recovered?

e RCHO "
z — /§/’<

e H Me CN
HoN Ph R N Ph

CN
Ho RJ\H/(Ph =,
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PROBLEM 6

Explain the stereochemistry and mechanism in the synthesis of the chiral auxiliary
8-phenylmenthol from (+)-pulegone. After the reaction with Na in i-PrOH, what is
the minor (13%) component of the mixture?

PhM Br KOH
EtOH
reflux (o}

+)-pulegone 55:45 mixture 87:13 mixture
with other diastereocisomer

1. O
Na )J\/
i-PrOH c| 2
—_—
toluene OH . OH

2. crystallize

3. KOH one diastereoisomer;
Ph H,0, EtOH /l\ph one enantiomer

87:13 mixture
with another diastereoisomer

PROBLEM 7
Suggest syntheses for single enantiomers of these compounds.

(0}
J\ OH (o}
t-Bu o
XN
OMe S
HO

PROBLEM 8
This compound is a precursor to a Novartis drug used for the control of
inflammation. How might it be made from a chiral pool starting material?

CO,H
(I,
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PROBLEM 9
Propose catalytic methods for the asymmetric synthesis of these four precursors
to drug molecules.

HO, CO,t-Bu
‘1
SAr
/'\/COZMe
cl precursor to
cl sertraline precursor to MK-0507
N3 OMe
HO < OMe
OH
precursor to AZT precursor to indicine
PROBLEM 10

The triatomine bug which causes Chagas’ disease can be trapped by using
synthetic samples of its communication pheromone, which consists of a 4:1
mixture of the enantiomers of this heterocycle. How would you synthesize the
required mixture of enantiomers? Why would the other diastereoisomer of this
compound be more of a challenge to make?

TN

(o) o]

\‘—<
-
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PROBLEM 11

This compound was developed by the Nutrasweet company as an artificial
sweetener. Propose a strategy for its synthesis. Would your proposed approach
still be suitable if the compound had turned out to be a successful product,

required in multi-tonne quantities?

CO,H
o
N
N NN
H x |
Z CN
NC-00637

PROBLEM 12

The two aldehydes below are valuable products in the perfumery industry
(Tropional® is a component of Issey Miyake's L'Eau d’Issey and Florhydral® is a
component of Allure by Chanel). How would you make them as single
enantiomers?

<:I>\)\CHO waACHO

Tropional® Florhydral®
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PROBLEM 1

Do you consider that thymine and caffeine are aromatic compounds? Explain.
® The isolation of cystine is
described in full detail in B. S.

(0] ME\ o Furniss et al., Vogel’s Textbook of
Me N _Me Organic Chemistry (5th edn),
HN | < | N Longmans, Harlow, 1989 p.761.
N /§
)\ N N~ 0
07N ,
Me

thymine caffeine

PROBLEM 2

Human hair is a good source of cystine, the disulfide dimer of cysteine. Hair is
boiled with aqueous HCI and HCO:H for a day, the solution concentrated, and a
large amount of sodium acetate added. About 5% of the hair by weight
crystallizes out as pure cystine [o]o —216. How does the process work? Why is such
a high proportion of hair cystine? Why is no cysteine isolated by this process?
Make a drawing of cystine to show why it is chiral. How would you convert the
cystine to cysteine?

HS_ -
~""co,H

(S)-cysteine
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PROBLEM 3

The amide of alanine can be resolved by pig kidney acylase. Which enantiomer of
alanine is acylated faster with acetic anhydride? In the enzyme-catalysed
hydrolysis, which enantiomer hydrolyses faster? In the separation, why is the
mixture heated in acid solution, and what is filtered off? How does the separation

of the free alanine by dissolution in ethanol work?

o o}
I Iy
/3\ Ac,0 HN pig kidney acylase HN
CO,H H8, 37 °C, 4 hours.
racemic alanine ~ ACOH CO,H Rl 0 & IO co,H
i 1. HOAc, h
NH . ¢, heat
Jl\ e 2. filter hot 1'hEetaot|-| NHAc NH,
HN + /-\ s lid + =
A CO:H 3. concentrr:-ne material 2 filter CO,H /\COZH
SR alsolandiy in solution  crystallizes

If the acylation is carried out carelessly, particularly if the heating is too long or
too strong, a by-product is fomed that is not hydrolysed by the enzyme. How

does this happen?

lip Ac,0,AcOH N §<

racemic alanine /3\ —_— > 0
CO,H overheating

(o]
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PROBLEM 4

A patent discloses this method of making the anti-AIDS drug d4T. The first few
stages involve differentiating the three hydroxyl groups of 5-methyluridine as we
show below. Explain the reactions, especially the stereochemistry at the position

of the bromine atom.

HN | 1. MsCl, pyridine HN |
HO )\ 2. NaOH PhOCO )\
(o} o N : (o} o N
3. PhCO,Na
N 4. HBr N
HO OH MsO Br

Suggest how the synthesis might be completed.

(o}
(o]

HN
PhOCO O%\N| ? j\ |
N
(0}

PROBLEM 5
How are phenyl glycosides formed from phenols (in nature or in the laboratory)?
Why is the configuration of the glycoside not related to that of the original sugar?

OH OH
[0} ArOH (0}
HO > HO
HO D HO
OH 'OH H HO
OAr
PROBLEM 6

‘Caustic soda’ (NaOH) was used to clean ovens and blocked drains. Many
commercial products for these jobs still contain NaOH. Even concentrated sodium
carbonate (Na2COs) does quite a good job. How do these cleaners work? Why is
NaOH so dangerous to humans especially if it gets into the eye?
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PROBLEM 7

Draw all the keto- and enol forms of ascorbic acid (the reduced form of vitamin C).
Why is the one shown here the most stable?

OH OH
oxidized form Ao S N g (0} HO ~ 3 0 0 as&:orbié:facid
of vitamin C H " reduced form
— of vitamin C
(0] (0] HO OH

PROBLEM 8
The amino acid cyanoalanine is found in leguminous plants (Lathyrus spp.) but not
in proteins. It is made in the plant from cysteine and cyanide by a two-step

process catalysed by pyridoxal phosphate. Suggest a mechanism. We suggest you
use the shorthand form of pyridoxal phosphate shown here.

0 OH
NH, NH,
: eCN :
(\COZ pyridoxal //\COZH @/ @/
SH

pyridoxal phosphate shorthand

PROBLEM 9

Assign each of these natural products to a general class (such as amino acid
metabolite, terpene, polyketide) explaining what makes you choose that class.
Then assign them to a more specific part of the class (such as pyrrolidine alkaloid).

OH OH ©
N
N
i H HO OH &

grandisol polyzonimine serotonin scytalone pelletierine
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PROBLEM 10
The piperidine alkaloid pelletierine, mentioned in problem 9, is made in nature
from the amino acid lysine by pyridoxal chemistry. Fill in the details from this

outline;

HoN CO.H pyridoxal
S —_— > e
RNH2 1S N NHR ) N/
|
H

; H NH
lysine 2 pyridoxamine H
(0) (o)
CoAS J\/U\ w ? (j\)(f\
>
N N
H H
CO,H pelletierine
PROBLEM 11

Aromatic polyketides are typically biosynthesized from linear ketoacids with a
carboxylic acid terminus. Suggest what polyketide starting material might be the
precursor of orsellinic acid and how the cyclization might occur.

CO,H

polyketide ? orsellinic
precursor CObH ——> acid

x HO OH
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PROBLEM 12

Chemists like to make model compounds to see whether their ideas about
mechanisms in nature can be reproduced in simple organic compounds. Nature’s
reducing agent is NADPH and, unlike NaBHs, it reduces stereopecifically (p. 1150
of the textbook). A model for a proposed mechanism uses a much simpler
molecule with a close resemblance to NADH. Acylation and treatment with Mg(ll)
causes stereospecific reduction of the remote ketone. Suggest a mechanism for
this stereochemical control. How would you release the reduced product?

Me H (0]
z Ph
| ] °
o
N
Ph)
PROBLEM 13

Both humulene, a flavouring substance in beer, and caryophylene, a component
of the flavour of cloves, are made in nature from farnesyl pyrophosphate. Suggest
detailed pathways. How do the enzymes control which product will be formed?

XN
N OPP /
X N

farnesyl pyrophosphate humulene caryophyllene
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PROBLEM 14

This experiment aims to imitate the biosynthesis of terpenes. A mixture of
products results. Draw a mechanism for the reaction. To what extent is it
biomimetic, and what can the natural system do better?

)\A + )\/\ Liclo,
OAc OAc — =~

AcO AcO AcO
)\/\)]\) " )\/\)u " )\/\)\)



