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Suggested solutions 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.

Purpose of the problem

To get you drawing simple structures realistically and to steer you away
from rules and names towards more creative and helpful ways of
representing molecules.

Suggested solution

There is only one linear hydrocarbon but there are many branched and
cyclic options. We offer some possibilities, but you may have thought of
others.

linear saturated hydrocarbon (n-heptane) NN

some branched hydrocarbons

K e

some cyclic hydrocarbons

We give you a few examples of keto-carboxylic acids based on these

A
<

structures. A ketone has to have a carbonyl group not at the end of a chain; a
carboxylic acid functional group by contrast has to be at the end of a chain.
You will notice that no carboxylic acid based on the first three cyclic
structures is possible without adding another carbon atom.
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linear molecules containing o
ketone and carboxylic acid /\n/\/\ CO,H /\)]\/\
CO,H

o

some branched keto-acids

CO,H co2 HO,C
\H/X HO,C
some cyclic keto-acids
(0] Q<:02H £><:02H
o) (o}

CO,H HO,C

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?

H
H H H o
g E S [o)
];r HyC /j/ ‘1, o/\ CH,
o) E He” HNY Y
CozH KIH Tamiflu (oseltamivir):
SmithKline Beecham’s amoxycillin H-C (o} 2 invented by
B-lactam antibiotic 2 Gilead Sciences;
for treatment of bacterial infections marketed by Roche

Purpose of the problem

To persuade you that functional groups are easy to identify even in
complicated structures: an ester is an ester no matter what company it keeps
and it can be helpful to look at the nature of the carbon framework too.

Suggested solution

The functional groups shouldn’t have given you any problem except perhaps
for the sulfide (or thioether) and the phenol (or alcohol). You should have
seen that both molecules have an amide as well as an amine.
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Solutions for Chapter 2 — Organic structures 7

CeHsCH(OH)(CH,),COC,Hs  O(CH,CH,),0 (CH;0),CH=CHCH(OMe),

OH (o) OMe
OMe
[ ] MeOJ\/Y
o

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

Purpose of the problem

This important exercise is one you will get used to very quickly and, before
long, do without thinking. If you do it will save you from many trivial errors.
Remember that the oxidation state of all the carbon atoms is +4 or C(IV).
The oxidation level of a carbon atom tells you to which oxygen-based
functional group it can be converted without oxidation or reduction.

Suggested solution

Just count the number of bonds between the carbon atom and heteroatoms
(atoms which are not H or C). If none, the atom is at the hydrocarbon level
(), if one, the alcohol level (©), if two the aldehyde or ketone level, if B Why alkenes have the alcohol

three the carboxylic acid level ( L ) and, if four, the carbon dioxide level. oxidation level is explained on page
33 of the textbook.

hydrocarbon level
4 1

' Y
é“ogé\%é\oe &%\Oj\gow/gﬂ &YHQJ&%N
o ) o o

\
carboxylic alcohol
acid level level
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Solutions for Chapter 11 - Nucleophilic substitution at C=0O with loss of oxygen 97

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?

0 Mg o

PN RN

Purpose of the problem

Revision of the danger of mutually destructive functional groups.

Suggested solution

There are various possibilities that all arise from the presence of a carbonyl
group and a Grignard in the same molecule. These two would react together.
They might cyclize to form a four-membered ring or a bimolecular reaction
might lead to a dimer and perhaps polymerization.

o MgBr " eO Ho
AT 2700 o0

(o} 0:) ” fo) Oe

%Br;’WBr

BrMg

PROBLEM 6
Suggest mechanisms for these reactions.

Sl Moo §_<° °
cHo ¥ HO~ “CO.H .

o i NaCN,
H,N —NH, HN . NH,CI N CN
L come™ M Do ano MEL | n

Purpose of the problem

Extension of acetal and imine formation into examples where the
intermediate is trapped by a different nucleophile.
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Solutions for Chapter 20 - Formation and reactions of enols and enolates

197

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.

Hb
(L

diphenol

Purpose of the problem

Exploring the way that tautomerism leads to equivalence.

Suggested solution

The protons in the ether are obviously all different as it has no symmetry.
Tautomerization interconverts carbonyl groups and enols, and can make
either of the enols in the diphenol into a carbonyl group and can make the
carbonyl group into an enol, so all structures are equivalent. If this proton
transfer (note that it is not a delocalization) is fast on the NMR time scale, all
the H*s will appear in one signal and all the HPs will appear in another
signal.
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M The idea that some

interconversions take place too fast
to be detected by NMR (they are fast
on the NMR timescale) is covered in
the blue boxes on p.363 and p. 374

of the textbook.
Ha
HO HP
HP ‘ OH
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Solutions for Chapter 28 — Retrosynthetic analysis 297

B The Darzens condensation is on

that occurred is the Darzens condensation. To avoid this problem use a
p. 639 of the textbook.

specific enolate of the ketone such as an enamine or a f3-ketoester.

P MeOe oM ? CO,Me o)
Cl CO,Me M—OH> cl e — —_—> )<\/002Me
© cl
Og

o RoN
R,NH 2 Ci \/COZMe
)J\ /&
aqueous acid
work-up

cO,Me target 2

In the third case, the cyclopentanone has self-condensed and ignored the
enone. The answer again is to use a specific enolate, such as the easily made
[-keto-ester below. The six-membered ring is then easily formed by
intramolecular aldol reaction. These two reactions together make a
Robinson annelation. Finally the CO,Me group must be removed by

hydrolysis and decarboxylation. ) )
B The Robinson annelation: p. 638

of the textbook.

CO,Me CO,Me

Meo® <I CO,Me
- - —

o o® o
o
CO,Me

Me0® H®
—_— —_— target molecule 3
o (o)
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PROBLEM 9
Propose catalytic methods for the asymmetric synthesis of these four precursors
to drug molecules.

HO/,, CO,t-Bu
SAr

/'\/002Me

cl precursor to
cl sertraline precursor to MK-0507

N; OMe
HO Y OMe
OH

precursor to AZT precursor to indicine

Purpose of the problem

Identifying reliable catalytic reactions that give desired structural features.

Suggested solution

The sertraline precursor is a chiral alcohol with the stereogenic centre
adjacent to an aromatic ring. An obvious approach is to make the hydroxyl
group by asymmetric reduction of the corresponding ketone. CBS
reduction is a possibility, as is a ruthenium-catalysed hydrogenation using
the ligand TsDPEN (p. 1115 of the textbook).

(0] CO,t-Bu HO
CBS catalyst
BH3
R —
or H,,
Cl Ru cat., Cl
Cl (S,S)-TsDPEN

COZt-BU

’
‘

Cl

Although there are direct
asymmetric ways of making chiral sulfur compounds, a reliable approach to
sulfides is to use Sx2 substitution of a more readily made chiral precursor,
because a thiolate is usually a good nucleophile. The Sy2 reaction goes with
inversion, so we need the chiral alcohol shown below, converted to a
derivative (such as a tosylate) capable of undergoing substitution. Care will
be needed to avoid elimination, but thiolates are excellent nucleophiles and
not too basic, so you would expect a successful outcome.

The second compound is a chiral sulfide.
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B You should not try to remember
which enantiomer of the ligand you
need for which enantiomer of the
product: that can easily be looked
up later. Itis much more important
to recognize the classes of
molecules that can be reliably
prepared by catalytic asymmetric
reactions.
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