Date:
23/\1 /2022

O Ledi oLd

/

BT

_ - / 8
/.f Seul reademy

o

P.i"

|
-

1 awgrhc %,Q)

BBV\Z‘BV\C ang, Aroma ‘Hés | ;
o

_ : aVel| 7~ n
p? (3): opmball py &

Vs
l%ﬂ‘f‘\ G IA.Q' roun \(hsee b - awlaunll alacl ’},



Halogenation

‘ _-'Oh; ' Mechanism 18.2 Bromination of Benzene

athe sycm t o AVE MAte )\ o) Osls-

. Step [1] Generation of the electrophile - o
7.;“”“ o % G the eleckrpile 7 * Lewis acb—%asenrqehactuom Br, with FeBr;
sharing Br—gr + FeBiy Br—Br—FeBry bernzens forms a species with a weakened and
phe ““ Lewis base Lewis acid electrophile \»e(ezmmle osua polarized Br—Br bond. This adduct serves
equally (serves as a source of Br*) as a source of Br® in the next step.

Step [2] Addition of the electrophile to fom'u a carbocation
¢ Addition of the electrophile forms a new

H

H

. 1/\‘. Br  C-Brbond and generates a carbocation.
\,é' —8r ‘628’3 o ok sLu\o\e ‘—’ This carbocation intermediate is resonance

mcl eophile ~ _ stabilized—three resonance structures
(-ve “Mfge 00 resonance-stablllzeq carbocation can be drawn.
_ / s * The FeBr; also formed in this reaction is
P\ @z\L»?a.\»l e 225s HY o the base used in Step [3].

FATAVECA)
Step (3] Loss of a proton to re-form the aromatic ring
¢ FeBr, removes the proton from the carbon

Br .. FQBTa e bearing the Br, thus re-forming the
i S FeTBrs aromatic ring.
The catalyst is * FeBr,, a catalyst, is also regenerated for
regenerated. another reaction cycle.
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Nitration

H N02 —’e,dl$l\\5 q&AﬂJ
B > o We benzene
H,SO,

nitrobenzene

¢O | Mechanism 18.3 Formation of the Nitronium lon (*NO,) for Nitration

/'“\\ H i § i
H-O-NO, + H7OSOH — H- o "NO, — H, 0t +  NO, = O=N=0
HY 3210 o/ kY,
+ HSO, electrophile Lewis structure
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Nitro Group Reduction

da"
becavse tf can oo Hhe reduclion ﬁr m/hb e 04,5\
Syb onsy

Aromatic nitro groups (NO,) can readily be reduced tw groups (NH,)
under a variety of conditions.

inpockan}

. nucleghile
—benzene nuclephile —»
g vmc\cpmleﬂ‘}‘u .

< Nikp 2 elecrnphile ¢—— s pudeghile $2 "

nv&clep\ml% v q)\u_
i H,, Pd-C ©/z
or
nitrobenzene Fe, HCI aniline

or
Sn, HCI
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Sulfonation

H SO4H
Sulfonation ' ©/ ©/
H,SO,

benzenesulfonic acid

QD | Mechanism 18.4 Formation of the Electrophile *SO;H for Sulfonation

O 0
] Il .~
5 s\(o' HZOSOH — s = ['SOH| + Hso,

electrophile
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Friedel-Crafts Alkylation

r“‘l)ﬁ QIKl‘thllA'e (HIKUIB ﬂmmp) (”I&qv)d)—a(}lf‘\oov\

H R More
RCI
AlCI N new C-Cbond | + HCI
3
v 3)!2, Jeo) the _cabalast - i seu alkyl benzene
- \’ ' i dnp with
d‘)? Creat hil — . h l QI' en V\\?
( rectk the elechophile Yhen the henzene, yeact witV) eledy lﬂ( qlk:gl/meélf)\jl---el(
benzene

P N -~ -
(CHy)sC-Cl + ACI, s (CH3)yC—CI-AICly =3 (CHs4C* + AICL

C{CH3)s
A r\ -
© + 'ClCHsly i M Cl=AICl, ——» + HCI + ACI,

61 980 dizp )
ptaivdnap
ok c\nemfs\'fy 37
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_Friedel-Crafts Alkylation e

s O, .
kﬂ—\m addiken op alky) gwp lo \eerzene and ik il lechophy) "2‘% ‘ﬁ_‘zﬂ;‘:ﬁ "
e nnY

Other functional groups that form carbocations can also be used as
starting materials.

‘ |'A\‘ H
An alkene + H—O0SO;H —> <— 2° carbocation
H
H

+ HSO,~
CHy (|3H3 (|7H3
™ (s +
An alcohol CH3—(|:—QH + H—OSO;H —> CHa_?T,QHz B cH /Q\CH <— 3° carbocation
CH, CH, ° °
+ HSO,~ + H,0:

I (CH3)3C_OH + HQSO4 |

H ! C(CHa)s
e — O

new C—C bond
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Limitations

[1] Vinyl halides and aryl halides do not react in Friedel-Crafts alkylation.

Cl
Unreactive halides in the
Friedel-Crafts alkylation CRp=CHC ©/

vinyl halide aryl halide
i\ +

[2] Disubstituted products are obtained in F.-C. alkylations, but not in

acylations.
/LC|

@ AICl; AICI3
.

More reactive
than benzene
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Limitations

[3] Rearrangements can occur. vindig 330
Vo NC';, -
* /\/@ R =l .
caxbov
(1ry)
. ooy & ,
v-Q,,}f W BePa)y <
e o e ) R /K) — /\/
,zc‘,,(z@:\ Iry 2ry
AZV&'A% ere shelole +/ less stable more stable
NC';
© + ></C| d’
1007

X7 — )\/ bhe groonck ol e

qm\-he.‘(‘ the
1ry 3ry — ex?edﬁé(\)
less stable more stable



Friedel-Crafts Acylation

( the Corbon orowp 20275 windwits <) Chovice

0
' H - «— acyl grou
Friedel-Crafts acylation— ) @ C\R yl group
General reaction R ol ACS G T

acid chloride

ketone

0 0 & .
)L + ACl,  — )L ACl, P HC—C=0 =3 H,C~CZ0 + AICl

H)C Cl\_/ ch Cflt

— (E)Dg_‘?\)\ ) f

o= = Se s
( Can a,o C{.TED[(ACHUV\ ?d(' CU\Y\OOV\@) — : > q\kxj\ gav«?
HaC, ch spwd O
c=0
. H + HCI + AICI 4
+ HC—=C=0 =i J - — \;
N N cu-mcus
’t\.\»d—w U_,Qu \)5“’
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intramolecular Friedel-Crafts reactions.

\” s 2 oS 5P
QO{)C“C 3fawp(__/\_9w Usj U

(@]
Cl @] CH,
new C—C bond N N~
Reaction occurs / o /| X
at these 2 C's. \
AICl, \
e e
N several N
\ N\ steps \
CH,Ph CH,Ph H
LSD
intramolecular lysergic acid diethyl amide
Friedel-Crafts acylation
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Nitration of Substituted Benzenes

NO, Cl OH
Jaee .
CorP 27"‘9
J s
Q OsN OsN OsN

NO,
&3P diap)
(YN Vo 2 74 ()
rRa‘f'eaSt'VG 6 x 108 0.033 1 1000
(203 ) R

Substituents modify the electron density in the benzene ring, and this affects

the course of electrophilic aromatic substitution.
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nductive effects (througbonds):

mare cledonespivicy 0529, F' (resviP—s effect on Yre benzene vinﬂ méh‘diﬁg
e Atoms more electronegative than carbon—including N, O, and X—pull electron

jSubstituted Benzenes «wei00

\»:D)_,\ o@’- Lp, > 95)

\,incrm in the
elechonegatvily

ei: C =0

density away from carbon and thus exhibit an electron-withdrawing inductive effect.
¢ Polarizable alkyl groups donate electron density, and thus exhibit an electron-

donating inductive effect.

nearie_induckive eblect
Electron-wnhdrawmg |nduct|ve effect ‘

;W‘ “".."'ll P

Ve dereg |\ GOV s

fC) \4& 'EylP ‘.“ NH2 - I
\ DI Jow 0

it be weaKere- electrophile )1 3. J;U\ v

* N is more electronegative than C.
* N inductively withdraws electron density.

C—N

pesiive induckive offecl
Electron-donating inductive effect |

Ms o
e J JJuu
—the armalic

-—F
S
nalicege CHs

N tlechopilg 567 B© 101

+ |

» Alkyl groups are polarizable, making
them electron-donating groups.

-NHs*  -NH., -OH -F -CHO -CN SOsH -NO:
I -CFs3),, -NHR -OR -Cl -COR SO2R
; -NRz [y gowe Bher By -COOH
-| -COOR
-CHs
_Alkyl
-SiRS\(:uyﬁ’luy-‘-”)‘d’"‘“’ 44
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Substituted Benzenes

(@ Resonance effects (through © bonds) are only observed with substituents
containing lone pairs or © bonds.

» Substituents containing lone pairs are electron donating (+ R)

?J? &5 &

ring @‘? NH;* ?»4 N S;}
mn ; }

vesul: @ - Q@ - O) - ©
L > Y ~

— & ®S Ip e,

Srthe b 2H 53 o
SBN Ly on e 8 1) s hereser leeophle (pesitive Visonance ebfedt) o3 27

« Substituents -Y=Z (CsHs-Y=Z), where Z is more electronegative than Y are
electron accepting (- R)
I972 0 i"\-)\nu\/e dovble bond _i:’:Caerh'{)l “plem

v s
mzoﬁ” O-I " °'|“ 0 _H & _H
mquﬁvl
Y : .
) =) =) ~—
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Substituted Benzenes: Activation

-F
-Cl
-Br
-|

-NRs+ -NH>, -OH
CFs -NHR -OR
-NR2

-CHO CN SOsH -NO:2
-COR SO:2R
-COOH

-COOR

-CHs
+ | B
-SiRs3

« Substituents that increase the electron density on the ring activate the ring
towards electrophiles. Substituents that decrease the electron density on
the ring deactivate the ring towards electrophiles.

* To predict whether a substituted benzene is more or less electron rich than
benzene itself, we must consider the net balance of both the inductive and
resonance effects.
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Substituted Benzenes: Activation

© NCI_-. ©)\ mc;,

More reactive
than benzene

L
o=

Less reactive
than benzene
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Substituted Benzenes: Orientation

. el
| of w%’ff@ ol />

(srostibvktan G 2P Yizpt)
+R > -| (-OR, -NR2 ): activating, o- p- directing

NO
T E T O
g O:N
(@R v M) 30% traces 70%

- > +R (-F, -Cl, -Br, -l ) deactlvatlng o- p- directing
HNO;

| +
NO, X O.N

35% traces 65%

-, -R (-NO,,, -SO3H, -CN, -COR): deactivating, m- directing.
HNO,

NO: H2504 Noz O:N No;- /\/NOJ
o E ol g 0
~
NO; oNT S

5% 90% 5%
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Substituted Benzenes: Orientation

+ |: activating; -0 -p directing (same as + R)

Hs HNO4
H2804

58% 5%

- l:'deactivating, -m directing (same as - R)

@ S8, @ @(

6% 91%

O:N

37%

/©/CF3
02N

2

3%
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Substituted Benzenes: Orientation

The new group is located either ortho, meta, or para to the existing
substituent. The resonance effect of the first substituent determines the
position of the second incoming substituent

. ” - \
L i i 1. ™
D= -0 ©
v ) >/ orto
- \\ para
0\
: lv] | é NO; N\
A @ -R
| [ ]P" be [
(— (the ortho - para) ) meta
(a;:-‘\:w) (%%Mhuqted «—____— ¥ dm - \ . ) )
[od s 4 ;
elecHvphile fw‘ ) (H;e i/;u;e .)‘:sud -



Substituted Benzenes: Orientation

X X X
H H H
E* E E E
S - -
X X X
EO-
— - e
E E E
H H H
X X X
E+
H E H E H E
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Substituted Benzenes: Orientation

+ R -R
-0, -p |ntermed|ates are resonance stabilised -0, -p mtermedlates are resonance destablllsed

N
R

+ | -
-0, -p intermediates are inductively stabilised -0, -p intermediates are inductively destabilised

X X
E E
- -
X X
H E H E



Substituent Effects. Summary

—NH, [NHR, NR,]

activating
groups ortho, para
directors

Increasing activation
D

Note the unique position . ~
of the halogens. [ % X: [X=F,Cl,Br1]

B L N N ——

deactivating
—COOH groups meta
directors

Increasing deactivation
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Disubstituted Benzenes

NO. NO NHCOCH; NHCOCH;

sterically

o -kPﬁl'fh(,cHQ
hindered /\’/J
CH; CHs G

Nols-TeWine!
. H,80, c1 ¢l
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Further Examples

(—I—I Z "K)
i— very strong activating group _l
NH, NH,
Bf2 Br Br Br2
FeBra ) F98f3
i oyt
aniline 4 poei B¢ phenol

t Every ortho and para H is replaced. F

NO, : .
__R_C_', No reaction
I ACI, | |

| strong deactivator = leed shenge ‘)
- Cotlwllt)sl'

e subshitubon </

a4l ek posikan)
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Synthesis of Polysubstituted Benzenes

ortho, para director —>Br

meta director —>NO,

p-bromonitrobenzene
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Synthesis of Polysubstituted Benzenes

Pathway [1]: Bromination before nitration |

- ortho, para director
Br

Br
_HNO; : NO,
FeBr3 H2804
NO,

The ortho isomer can be
separated from the mixture.

para product

This pathway gives the desired product.

Pathway [2]: Nitration before bromination I

_HNO, This pathway does NOT form
HQSO4 FeBr3 the desired product.

(meta director meta isomer
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Reaction of Amines with Nitrous Acid

R—NH

2

to agd benzene nwcleofhilu/ feason

NaNOQ:  m—Ri=n: cr NH,  aNO N=N: CI
HCI " 2 HCI —

alkyl diazonium salt aryl diazonium salt

vse this Comf«UW)D' for
dilferant puposes

it a skacted makerial for
other Com()omnds

(nucleophile 2 Wt )
(bS2)
——
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Reaction of Amines with Nitrous Acid

1. generation of the electrophile

H* H
N+ + o8
HCl+ O-N=0 =—>= ClI' + HO—N=0 ==—= O—N=0 —> :N=0
H/V 'HQO s
nitrosonium
2. nitrosation ion
)
R—NH, + N=0 =—> R—l}:'—N\ = R H N\\
\
H O
N-nitrosamine
3. acid-catalysed elimination (oxdmbian)
H H* )
R—N—N\\ _— R—N=N —>= R—N=N —— R—N=N
diazonium
ion

omothe nucleoghite



Substitution Reactions of Aryl Diazonium
Salts

 Aryl diazonium salts react with a variety of reagents to form products in
which a nucleophile Z replaces N,, a very good leaving group.
« The mechanism of these reactions varies with the identity of Z.

General ' N.* CI” Z
substitution reaction ©/ _.Z ©/ + N, + CIF
good

Z replaces N, leaving group
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for the benzene, Wadwl T, (o Tyl
Substitution Reactions of Aryl Diazonium

Substitution by H—Synthesis of benzene

N,* CI-
=
—

benzene

A diazonium salt reacts with hypophosphorus acid to form benzene.
This reaction is useful in synthesizing compounds that have substitution
patterns that are not available by other means.

Substitution by OH—Synthesis of phenols

N,* CI-
Cu20 ©/

bﬂﬂzgne—a é\lCA'Zon“Am — PM@Y]OI phenOI

w (rich i eleckons)
WL ey benzene ving - geto1 by 4) 63

or arusy dsb s



Substitution Reactions of Aryl Diazonium

Substitution by Cl or Br—Synthesis of aryl chlorides and bromides

N+ CI” Cl Ny* CI” Br
= =

aryl chloride aryl bromide

This is called the Sandmeyer reaction. It provides an alternative to
direct chlorination and bromination of the aromatic ring using Cl, or Br,
and a Lewis acid catalyst.

Substitution by CN—Synthesis of benzonitriles

N,* CI- CN
=
—_—

benzonitrile

Since the cyano group can be converted into a variety of other
functional groups, this reaction provides easy access to a wide

variety of benzene derivatives. o4



Substitution Reactions of Aryl Diazonium
e -~tec

Substitution by F—Synthesis of aryl fluorides

L‘m h\ veackve

(samehmes eXCMsNC)
aryl fluoride

This is a useful reaction because aryl fluorides cannot be produced by
direct fluorination with F, and a Lewis acid catalyst.

Substitution by I—Synthesis of aryl iodides

wn reackive
N,* CI~ I
Nal or KI
_— >

aryl iodide

This is a useful reaction because aryl iodides cannot be produced by
direct iodination with |, and a Lewis acid catalyst.
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