Electrophilic Aromatic Substitution
Muiltiple Substituent Effects:
Activation-Deactivation / Direction (Regio-selectivity)

The Simplest Case |

Activation & all possible sites are equivalent
CH, CH,

ﬂ ﬂ AICl CCH,
+ CH,COCCH,

99%

Another Straightforward Case
CH, CH,
Br, Br
Fe
NO, NO,
86-90%

directing effects of substituents reinforce
each other; substitution takes place ortho
to the methyl group and meta to the nitro group

Generalization

regioselectivity is controlled by the
most activating substituent

Question

» Which positions are activated for
chlorination on the compound shown
below?

1
. A) 2and3 2 @CH:;
. B) 1and3

. C) 2and4 3
. D) 1and4

Example
strongly — NHCH, NHCH,4
activating
Br, Br
acetic
acid
Cl Cl

87%




When activating effects are similar...

CH, CH,
HNO, NO,
H,SO,
C(CHy), C(CHy),
88%

substitution occurs ortho to the smaller group

Steric effects control regioselectivity when
electronic effects are similar

HNO,
H,SO
CH, 2 ° CH,
NO,
98%

position between two substituents is last
position to be substituted

Question

* Which compound undergoes electrophilic
aromatic substitution with (CH,),CCl and
AICl, at the slowest rate (or not at all)?

OCHj3
- C) D) <j>7c:(cr43)3

HaC

Question

What is the major product of the following reaction?

qji}.o.
I

Regioselective Synthesis of Disubstituted
Aromatic Compounds

Synthesis of m-Bromoacetophenone

— Br

Which substituent
should be
introduced first?

7

- CCHa




Synthesis of m-Bromoacetophenone

Br —— para

If bromine is introduced first,

p-bromoacetophenone is major
product.

7

CCH; — meta

Synthesis of m-Bromoacetophenone |

Factors to Consider |

order of introduction of substituents to ensure
correct orientation
Friedel-Crafts reactions (alkylation, acylation)

cannot be carried out on strongly deactivated
aromatics

Synthesis of m-Nitroacetophenone

If NO, is introduced first,

the next step (Friedel-Crafts
acylation) fails.

7

CCH,

Br
CCH;,4
ﬂ Br,
%)CCH3 ﬁ AICl,
ACI, CCH,4
Synthesis of m-Nitroacetophenone
- N02
Which substituent
should be
introduced first?
- CCH3
Synthesis of m-Nitroacetophenone |
CCH;,4
9 HNO,

%)ccm3 ﬁ H,SO,

ACI, CCH,4




Factors to Consider |

order of introduction of substituents to ensure
correct orientation

Friedel-Crafts reactions (alkylation, acylation)
cannot be carried out on strongly deactivated
aromatics

sometimes electrophilic aromatic substitution
must be combined with a functional group
transformation

Question

Which of the following is the most reasonable way to begin
an effective synthesis of the CH3

compound shown? é\
/©/ \CH2
05N

A) Treat benzene with isopropyl chloride and AICI,.
B) Treat chlorobenzene with propene and AIClI,.

C) Treat benzene with 2-chloropropene and AICI,.
D) Treat benzene with 3-chloropropene and AICI,.

Synthesis of p-Nitrobenzoic Acid from Toluene

CO,H
CH
* Which first?
CH (oxidation of methyl
3 group or nitration of
ring)
NO,

Synthesis of p-Nitrobenzoic Acid from Toluene

Synthesis of p-Nitrobenzoic Acid from Toluene

CO,H
CH,
HNO, NO,

Na,Cr,0,, H,O
H,SO, H,SO,, heat

NO,

CO,H
nitration gives
— m-nitrobenzoic
CH,3 acid
CH,4
oxidation gives
p-nitrobenzoic
— acid
NO,
Question
A. HNO4/H,SO, What is the correct order of reagents on
B. BryAlBr, the left to complete the synthesis of the
; o
C. GHCIAICI, following bromide?
D. Fuming H,SO,
E. Cl,/AICl, Br
F. CH,COCI/AIC, -
G. 2Zn [Hg], HCI, heat
H. 1) KMnO,, NaOH, heat2) H,0* A. B
I.  NBS/heat B.D,B
J. CH;CH,CI/AICI, C.D,B,L
K. CH4CH,COCI/AICI, D.L,B
L.

Dilute H,SO, E.L,B,D




* EAS

Synthetic Applications

SULFONYLATION
is reversible,
Therefore, it can
be used as a

tempo
group.

HpS0,

rary blocking

Fuming ]

concentrated

/" fuming HpSOs N\

dilute HpSO;

Dilute

H2S04

Synthetic Strategies

» Reagents for monosubstituted aromatic

compounds:
) i

- . [
. HNO3 Fuming [l
8 Clp H,SO, HS0, CHyCI AlCk,
AlBry ACl ACly
Y Al

[
Br cl NO,
J

o

SO3H CHj

excess 1) KMnO,

Feorzn, NBS NaOH, heat | 70 ) HeI
Hol (Section 18.6) 2 HO heal
(socion189)
[+]
NH, CBr,

Synthetic Strategies

GROUP CONVERSIONS THAT CHANGE DIRECTING EFFECTS

meta » Ortho-para ortho-para meta
director director director director
O.__OH
NO, NH, CH3 1) KMnO, , |
Py J\ I NaOH, /L\
X Zn S \\ heat T
l J HCI ﬁj W } 2) Hz0* “\ J
HF F F ) g HF
meta ortho-para ortho-para meta
director director director director
O._R R
. CH, CBry
Zn [Hg],
A HCI, N N excess /k\
S heat > RS NBS h
) == ') Ty 2=
F NF F A
meta ortho-para ortho-para meta
director director director director




