4. Answer all Parts L, II and III.

Part1

How does the rate and site selectivity of electrophilic aromatic substitution vary in
monosubstituted benzene derivatives? In your answer consider inductive and
mesomeric effects induced by some or all of the substituents listed below. [7]

—CH; -C1 —-OH -NO, —CF;

Part 11
Explain both of the following. [2 x 4]
(a) Conditions
conditions
- A: CHgCH=CHj, HF
AorB B: CH30H2CHzBr, AIBr3
(excess)

(b)  Nitration of N, N-dimethylaniline with HNOz/H,SO, gives a mixture of meta-
and para- nitro isomers in which the meta- isomer is the major product. Under
analogous conditions, anisole gives a mixture of ortho- and para- nitro isomers.

NMe, OMe

N,N-dimethylaniline anisole

Part 111

Suggest reagents for the transformations in one of the following short sequences
[mechanisms are not required; more than one step may be necessary for some of the
transformations. | [5]

(a) NH2 NH2 Br CHO
D D D D D D
e —_— —_—
D D D
(b) CHs CH,4 CH,4
NH, N
H Et
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reaction progress
““The transition state looks like an intermediate close to it in energy”

OH Cl CH; NO, CF;
1.Very activated 1. deactivated 1. activating 1. deactivated 1. deactivated
by conjugation (inductive) (inductive) (conjugation) (inductive)

2. direct o,p 2. direct o,p 2. directo, p 2. m- directing 2. m- directing

(conjugation) (conjugation) (hyperconjugation) (conjugation) (inductive)



Part Il (a)

H+
=

F- +
secondary

most stable
(hyperconjugation)

part Il (b)

SLOW

FAST

concentration of benzene must be
much higher than concentration of
alkylbenzene to outcompete donating
effect of alkyl group
(product is more reactive than the SM)

NMe, a powerful donor - more
reactive than protonated
form. Therefore reacts faster
even though a minor
component of equilibrium

4 1,2 hydride shift +
. FeBr3 - /\
Y\S Br - generate more stable
+ 2° cation
H l
H +
NMe, NMe, More abundant but less
HN03 reactive anilinium.
H,SO, Now not a good
3 donor/activator
Mostly inductively
B withdrawing (deactivated)

Anilines are
weakly basic

meta- predominates

protonated in
strong acid

OMe

HNO;

OMe

ﬁ

H,S0,

direct o,p

OMe group not basic

Not protonated in strong acid

Therefore: still activating

ortho- & para directing through conjugation
of the OMe group.



Part Ill (a)

NH, NH;
+ D D NaNO,, H,SO
D* (DCI, D,0) aNU3, F29U,
—_— o—»

NH, activating D

o-, p- directing

(what about protonation on N?)
the N-acetyl derivative is a less reactive
and non-basic alternative

0
0 H J\ MgBr
7
H” N
D D | D D Mg Et,0
S A I
: D
Part Ill (b)
HNO; Sn/HCI
—_— —_—
H,SO,
NO,
0
LiAlH, )I\m
R e
HN

N
1l

+
O 4
w)

CuBr

heat

Br

NH,

-
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