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Substitution Reactions of Aryl Diazonium
Salts

Diazonium salts provide easy access to many different benzene
derivatives. Keep in mind the following four-step sequence, because
it will be used to synthesize many substituted benzenes.

N,* CI- Z
HNOg NaNO, Z
st04 Pd G HCI

mtratuon reductlon diazotlzatuon substitution
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Substitution Reactions of Aryl Diazonium

Br. Br
3( The Br atoms are ortho, para directors
located meta to each other.
Br

1,3,5-tribromobenzene

Jx\,iz,v]

Br
HN03 Br2 NaN02 H3P02
H2804 pd C FeBr HC'
(1] (2] (3] (4]

Nitration followed by reduction forms aniline (CgHsNH,) from benzene (Steps [1] and [2]).
Bromination of aniline yields the tribromo derivative in Step [3].

* The NH; group is removed by a two-step process: diazotization with NaNO, and HCI (Step [4)),
followed by substitution of the diazonium ion by H with H,PO.,.
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Coupling Reactions of Aryl Diazonium Salts

() e

 When a diazonium salt is treated with an aromatic compound activated by
a strong electron-donor group, a substitution reaction takes place giving

an azo compound.
0% PP _sdoslitubed

Azo coupling ®N2+CI’ + Y —> QNZN@Y + HCI

-+ .. Y=NH,, NHR, NR,, OH azo compound
2o vz < (4 strong electron- PP
h‘f)&{"xfﬁ s donor group) Sf ¢

=N e
N )CDL\%RA ple widioels -
azs M QP us

. DL - |
Mechanism: G ) 5 3 Conjegdbion ) y'y \~—
e
' =N N/ s -H* I
W' N — GNNNONE T NS

The para position is preferred for steric reasons
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Azo Dyes

« Azo compounds are highly conjugated, rendering them colored. Many of
these compounds are synthetic dyes. Butter yellow was once used to
color margarine.

Examplel QN2+CI_ + @—-N(CHQQ — QN:NON(CH3)2

a yellow azo dye
“butter yellow”

Three azo dyes

oo, e

y 0 N@—NzN OH

ncreage te - O N= NO
alizarine yellow R para red

Na* ~0,S O NH, HoN O SO, Na*
) omwm D o




SgAr in Polyciclic Aromatic Compounds
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Nucleophilic Aromatic Substitutions, S,Ar

Nu

Z = Electron Accepting Substituent (sigma or z: NO,, CN, N,*, SO,R)
X = Leaving Group

Example
Et E10, OMe O@ Et0, OMe Me
O2oN NO2 OoN /N OsN NO, O2N NO»>
MeONa O o — EtONa
—~— =
l .
NO»> NO»
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Examples of S Ar

AN AN _
(Do, = I3 = (O

l\'L) EJ NH, f N
(76)1,] (77
lers cyclic
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Examples of S Ar
3y OH  festes C:]@OI:[C'
Cl ci  NaOH,A G 0 Cl
OCH,COOH CI OCH,COOH
CI/@CI CI:C[CI

Herbicides were used
extensively during the

Vietnam War to defoliate 2,4-D 2,4,5-T

dense jungle areas. The 2,4-dichlorophenoxy- 2,4,5-trichlorophenoxy-
4 5 acetic acid acetic acid

concentration of certain herbicide herbicide

herbicide by-products in the
soil remains high today.

the active components in Agent Orange,
a defoliant used in the Vietnam War

Cl OH  CICH,COOH
-~  2,45T



Benzyne .-

A hy, 8K, <:[>= hv, 8K, @l
o
Ar, -CO Ar o)

- Orbitals
overlap 1.42 A ©| 1.24 A 1.39 A

e

1.43A 1.40A
| NH, NH,
KNH» KNH,
_— — +
e="C
Me OMe Me

OMe
Cl KNH; KNH, oy
— - —_—
NH NH,
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Side Chain Reactivity: Radical Halogenation

/,L.mll bcL/o ()SJ.’ 6’ w\»‘y.’ J‘>Q\ oy \3 o L v53 ) 970 st o
3 \Wo = |,au10 : p
" sqveh':;:lfn r:d-tw.——-oﬁ'm a side, veackion (s will wﬂaCCeP“lue) (‘ - ‘Jf Uﬂ)uj/)

Benzylic C—H bonds are weaker than most other sp® hybridized C—H
bonds, because homolysis forms a resonance-stabilized benzylic radical.
(\/law*e svbghitubior) <— Vcnj ¢ o0&y 1)
, MebenwneraLj de e p Gled gy Bl sl w0 s \_;\;J
benzylic C-H bond (bmzenewg o W) Wl BT pessibe TUSs & 5a3) sl il e 10t | i o o

©/ “CHy “CH,_ ¥~ch, @/ oHy @ “CH, @é CH,

\"“")Vll qu’&—-’) Byems yelis $v

five reson nce structures for the benzylic radical
ano( giire 4 highlY) rexckive

Yy o €O adal the snoskikavion

iae
and G al fhe slae
N/ B N
p)
C C
\CHS hv or A . \CH3 + HBr
or
NBS
ethylbenzene hv or ROOR a benzylic bromide

‘ radical conditions )
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Side Chain Reactivity

4

Bry
FeBr, > + lonic conditions
Br Br

ortho isomer para isomer

Br

Br2
Radical conditions

Y

hv or A
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Side Chain Reactivity: Oxidation

CHj,
Examples
| ©/ s sy | O

toluene gKMnOD, ©/C\0H
: _CH(CHj), benzoic acid

isopropylbenzene

<«~——— carboxy group

CH,CH, COOH
E\;\[ KMnO,

CH,CHj COOH
ikl benzepe phthalic acid

C(CHg);
KMnO
©/ #‘—» No reaction;;;be&m\’mfe IS 7 3
'SwaHS\ ot quakernary Mbm_’t%ﬁl&u
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Side Chain Reactivity: Reduction

\)’L«J (d)JIIL(ons "‘.170‘9\3 \'\l\esd.ed’f /

chain
: :
R —
(Zn, HCI)
Cl\/\
(+ disubstituted products)
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