Amines and their Classification

some naturally occurring amines
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Naming Amines

Simple primary amines are named by adding —amine as suffix to the name of alkyl
substituent; alternatively, suffix —amine can be used in place of the final —e in the name

of the parent compound.

CH
| 3 NH, NH, NH,
H,C—C—NH
2 | . HaC HoNCH2CH,CH2CHoNH,
CH3 3
H3C
tert-Butylamine Cyclohexylamine Aniline .
phenyl amine 4,4-Dimethylcyclohexanamine 1,4-Butanediamine

benzenamine

When the parent compound has any other functional group, it is named by considering
—NH, an amino substituent.

COzH
ITJHz NH; ﬁ (A phase transfer catalyst)
CH3CHoCHCO2H HoNCH2CH2CCH3
4 3 2 1 4 3 21 -
n-Bu,N* Br
NH»
Tetrabutylammonium bromide
T Pr ] ] ] |
RCOH > RCOCR > RCOR’ > RCX = RCNR; > RCN > RCH = RCR' > ROH > RSH
Carboxylic  Anhydride Ester Alkanoyl Amide Nitrile Aldehyde Ketone Alcohol Thiol

acid halide



Naming Amines (Cont'd) and their Properties

Symmetrical 2° and 3° amines are named by adding the prefix di- or tri- to the alkyl
group; unsymmetrically subsituted 2° and 3° amines are name as N-substituted 1°
amines with the largest alkyl group chosen as the parent name.
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Physical Properties
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» Amines with <5 C atoms are generally water-soluble but solubility is less than
corresponding alcohols; larger amines are insoluble in water;
» Boiling points of amines lie between those of the corresponding alkanes and alcohols.

E&EL‘!&Mﬁyﬁw@eﬂies of Amines, Alcohols, and Alkanes

Melting Boiling Melting Boiling
Compound point (°C) point (°C) | Compound peint (°C) point (°C)
CH,4 —182.5 —161.7 | (CHs),NH —93 74
CH;NH, —93.5 —6.3 (CH3)sN —117.2 29
CH;OH —97.5 65.0
(CH;CH,),NH —48 56.3
CH;CH; —183.3 —88.6 | (CH;CH,)zN —114.7 89.3
CH;CH,NH, —81 16.6
CH;CH,OH —114.1 78.5 (CH3;CH,CH,),NH —40 110
(CH3CH,CH,)3N —94 155
CH;CH,CH5 —187.7 —42.1
CH;CH,CH,NH, —83 47.8 | NHj —77.7 —334
CH;CH,CH,OH —126.2 974 | H,O 0 100



Spectroscopic Features of Amines

Primary Amines give two strong peaks between 3250 and 3500 cm, 2° amines give
only weak signal in this region, and 3° amines do not have N-H stretching absorption.
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The 'H NMR spectra of amines give
broadened peaks of NH, similar to the OH
signal in alcohols; the chemical shifts
depend upon the exchange rate and the
amount of hydrogen bonding of protons, but
usually in the upper field and less
broadened compared to the signals of OHs.
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Basicity of Amines

Amines are much stronger bases than alcohols and ethers.

Electron-rich

\\ /\ \\\+ =
\/N: + H—/}\ — N—H + :A
An amine An acid A salt T
(a Lewis base) N
. HaC” " ™H

Name Structure pK, of ammonium ion Mttilaniliie
Ammonia NH; 9.26 an-aming)
Primary alkylamine d basi I

Metbylamins CHaNH, o Amides are nonbasic: usually not

e S R e protonated by aqueous acids, and

t i . .
s S are poor nucleophiles

Secondary alkylamine

Diethylamine (CH3CHy),NH 10.98 Qﬁ’

i C/C\[IQ.I/H Electron-poor
3

Pyrrolidine CN H 11.27 lll
Tertiary alkylamine I

Triethylamine (CH3CHa)3N 10.76
Arylamine :(I)

Cat H
H3C/ SN Acetamide
Aniline @NHz 4.63 IL (an amide)



Basicity and Acidity of Amines

Table 24.2 | Base Strength of Some p-Substituted Anilines
\ Amine + Neutral compound )

Dissolve in ether; oe +
add HCI, H,0 YONHz e Lipleh m— Y@NHs + TOH

l l Substituent, Y Pk,
Ether layer +Aqueous layer
{ (neutral compound) J L (R-NH3 CI™; amine salt) J Stronger —NH, 6.15
base

Add NaOH, ether

! !

Ether layer Aqueous layer —CHy 5.08

(amine) { (NaCl)

— OCH, 5.34 ; Activating groups

—H 4.63
Similar procedures can be applied
to purification of carboxylic acids. — (] 3.98
CNHz —Br 3.86
Deactivating groups
D
Weak
p g —NO, 1.00
+
NH3 pKa (PhNH;*) = 4.63 Weak acidity:
+
pKa (MeNH;") = 10.64 [CHICHy), CHICHy),
_ THF o
CyqHgli + H—N\ m’ Li .N\ + CyH1o
Butyllithium CH(CH3), CH(CHg),
Anilinium ion Diisopropylamine Lithium diisopropylamide

(localized charge) (LDA)



Preparations of Amines

S, 2 reactions 2 NV sz 4 NaOH
: .| A i NH + R—X —> RNHs X~ —> RNH i
of alkyl halides; | ~™™°"'@ 3 : 2 Primary
. 27 Nk s # _ NaOH
Primary RNH, + R—X ——> RsNHy X —> RyNH Secondary
r i SN2 + NaOH
Secondary RoNH + RQ( =, R3NH X~ L R3N Tertiary
| NV s s
Tertiary RN + R—X —— RyN X~ Quaternary
ammonium

CH3(CHp)gCHoBr + :NH3 —— CHg(CHp)gCHaNHy  +  [CH3(CHy)gCHoloNH

1-Bromooctane Octylamine (45%) Dioctylamine (43%)

+ [CH3(CH2)6CH2]3N: + [CH3(CH2)6CH2]4K| B_r
Better methods:

Trace Trace
CH,CH,Br CH,CH,N=N=N CH,CHoNH,
NaNj 1. LiAIH,, ether ]
“Ethanol 2. H,0 Good for 1° amines
1-Bromo-2- 2-Phenylethyl azide 2-Phenylethylamine

phenylethane (89%)



Preparations of Amines

0 0 0
Gabriel amine synthesis: N KOH \ _  R—X
N=H  “Ehancl A DMF —
0 0 0

Phthalimide

Good for 1° amines lNaOH, H0

CO,~
From an alcohol: @
CO,~
TsCl H
......... — N—( — HN—-.,
H CeHi1 pyridine H CeHi1 Sp2 "CeH11 ? CeH11

OAc



Preparations of Amines

Reduction of nitriles, amides, and oximes:

CN
1. LiAIH, ether H\ /H @\ BH3
2. H,0 C —
2 RCH,” NH, no,  THF

NaCN
RCH,X ———  RCH,C=N

Alkyl 1° amine
halide
0 NH,OH
0] y H H _—
I 1. SOCl, I 1. LiAlH,, ether \. i/
& 2. NH C 2. H,0 C
R™ “OH ’ R™ “NH, 2 R™ NH,

(RINH,, or RENH) (RCH,NR'H, or RCH,NR",)

(RCONR'H, or RCONR",) (or Na + EtOH)

CH,NH,

Q.

2

H, / catalyst
> /\)\

Arylamines:
NO, OHC NO,
H2 1 SnC|2, H30+
H Pt catalyst, 2. NaOH
3C\C ethanol
7\
H3C CHg m-Nitrobenzaldehyde
p-tert-Butylnitrobenzene wor Fe, HCI
N02 NH2
NH,HS . .
—_—> Basic reductive reagents:
NO, No,  Na,S, (NH,),S, LiAlH,, etc.

NH>




Preparations of Amines

. . . (0]
Reductive amination of T c
aldehydes and ketones: P AR
R R @ NH3
NH3 . R"oNH
KV i AN
H NH», H NHR” H NR"
\_/ \ / \ _/ . )
R/C\R’ R/C\R’ R/C\R’ /CH3
Primary amine Secondary amine Tertiary amine HO NH;
@/\( _ NHg W + H,0 9“
Ho/Ni H NH,
(or NaBHy)
C/CH3
H N CH3 I + Hy0
NH
\ /CH3 NaBH3CN + H,0 ' '
CH30H
elNaBm or Hy/Ni
NH3 H /HH
/ H,0 4 + CH
0 2 + NADH NAD b F AR
X 3= —N N c
NS
c|: o, =005 00 A
H H NH,

H proline H



Preparations of Amines

Leuckart-Wallach reaction:

O .
@_% ch,  CONHs 1° and 2° amines can be made
X >
180 °C from aldehydes or ketones.
j Hco2
CHO [ 60 OC
Formic acid serves as a reducing reagent.
Mechanism:
RS R3 R! /R3 3
—nt 1 R
R R3 N i~ 2k Npe  -CO;, Ry,
>?¢OH+ H_Ni —_— XEPR“ o R%N\Rzl . R . ] - >—N\ )
2
R2 R4 R2 OH R2 40H2+ Q/ R R
O

Eschweiler-Clarke methylation:

 J

B\ . HCO,H
O+ o

180 °C Making 1° and 2° amines

into (di)methylamines.
HCO»H
Q—\_ + 2CH,0
NH

2 180 °C

Y



Preparations of Amines

Hofmann (|3|
t NaOH, B
rearrangemen _Co a 2., R—NH, + CO,
R NH, HZ0
An amide
Curtius ﬁ T
rearrangement ¥z H
— - +
. Fr. e T0m ¥ G+ M
Mechanisms:
An acyl azide
i
NaN3 H,0
Oy T R—NH, + CO,
Acid Amine

chloride




Preparations of Amines

] Suitable for making both

o .
\NH2 NaOH, Cl, alkyl and aryl amines
T o T B
2

configuration retention

Schmidt Reaction

O H,SO O H,O
2 4 2
Ny - 0 =L L R,

R OH benzene, 50 °C R N3

0

e W -

(or N:I\hllj: RN;) T T, e, m@h@[ﬁiﬂgm 0
0 _

J-I\ RC—=N

R H




Reactions of Amines

Hofmann elimination

NH; Excess +I\|I(CH3)3 I +  N(CHgz)3
CHajl Ag,0
CH3CHoCH,CH,CHCH3 —3 CH3CHyCHoCH,CHCH34 H_nghq) CH3CH7CHoCHCH=CH,
2 ’
1-Methylpentylamine (1-Methylpentyl)trimethyl- 1-Hexene (60%)
ammonium iodide
HO:- :
27\ mechanism
"~/
% E2 \ /
Bl — C=C + HO + N(CH3)3
= + reaction / \
CN(CH3)3
HsC CH3 ~OH
o H CH,CH>
H\ /N+ CHs 3 \H\N/ N(CHg),
CH3CH2\C/C\C/H : L
I\ LN / 1. Excess CH3l
H H H H < Lesshindered; H H<_2¢ 2.Ag,0,H,0, heat + Hy,C=CH,

i more accessible

More hindered;
less accessible

CH3CH,CH,CH=CH, + CH3CH,CH=CHCH;

1-Pentene 2-Pentene - — — _
(94%) (6%) Regio-selectivity of elimination




Hofmann Eliminition

H
e , E2 \
cxc ———> ¢c=C + Hy0
-~ reaction /

+ N(CHs)3

» NRjisanotasgoodalGasCl, Br or I, soH leaves slightly prior to NR,

(OH" is a relatively strong base);

« The conjugated base (carbanion) is not stable enough for Elcb to take place.

Hofmann elimination is thus an E1cb-like reaction — the double
bond is hardly developed in the TS# (a carbanion-like TS#), so the
relative stability of the corresponding anion determines the major product.

Buclec:H3
L

Hofmann Product (%)

Kinetic-controlled reaction:

Base attacks the less hindered, more acidic L CH;0” t-BuO
protons that are present in a larger number. | 19.3 69.0
— Hofmann product

Br 27.6 80.0
Hofmann product increases as the proton
acidity increases; the LG and the basicity cl 33.3 876
and bulkiness of the base also influence F 97.4
the percentage of the Hofmann product.

NMe;* 96.2 98




Exceptions to Hofmann's Rule and Hofmann Degradation

-~

|
Oy 2
)
4L\/L >
0 N*(CH3)5

— Hofmann elimination is used to
analyze the structure of
nitrogen-containing molecules;
each sequence of methylation
N"(CH3)s A and Hofmann elimination
MR cleaves one C-N bond.

NH> Excess *N(CH3)3 1™ + N(CH3)3
CHal | Ag20
CH3CH2CHyCH;CHCH3 ——  CH3CH2CH,CH,CHCH3 m CH3CH,CH,CHy,CH=CH,
20,
(exhaustive methylation) AN
N(CH3),

——NH

| /

Cyclic amine (2 or more cycles) / b
1. CHsl 1. CHsl \

2 AQQO HQO 2 A920 Hzo

/
o 3. heat Q 3. heat | m + \'TI/ N(CHs)» \ (]j

N N—
I I



Amine Oxide and Cope Elimination

1° and 2° amines are oxidized into hydroxyamines, nitroso compounds, etc., but usually in low
yields, so the reactions are not synthetically useful.

ol The mechanisms of 1° amine
R—NH, -~ R—NH R—N=0 — R—NO, oxidation involve r_adlcals ar_ld are
| not well characterized; the final
OH : R L
hvd : nitroso compound product of 2° amine oxidations are
ydroxyamine hydroxyamines.

R R )
I I+ J—— |
R—NH  HOOH ——= R—N'H + OH RTNTOH 3o amine: Amine oxide
OH
H,O, or RCO3;H
; : N RsN > R;N—O
I a cyclic TS*
N ~g B
/ "ulR3 R3W™ A -
S /;U —— o=e + RRNOK
R'----- : H
I \r\

Cope Elimination

/O_ 160 °C
/N\ ——— H;CH,CHC=—CH, + H;CHC=—=CHCH;4
H;C  CHs 67% E:21%

98% Hofmann product  Z: 12%

Amine oxidation and Cope rearrangement can be accomplished in one pot;

«  When more than one B-hydrogen can be eliminated, reactions usually afford a mixture, with
Hofmann product as the major one and the E configuration favored,;

 Rearrangement does not take place.




Nitrosation of Amines

Nitrosyl Cation from Nitrous Acid

.o .o HCl .e .e H Nt .e .e + g e +
Nat :0O—N=0 v) HO—N=0Q —/— /(_’I—N:O —_— [: N=0 <«— :NEO{| + H,0
- L] —_ al L] - '\_/'ll - e - e -
H
Sodium nitrite Nitrous acid Nitrosyl cation
1° amines: NaNO, ® H,0
R—NH, —— [ R—N=N|CIT —— aalkyl chloride, alkene, and alcohol mixture
HCI )
(synthetically not useful)
NaNO, H,O
H3CH2CH2CH2C_NH2 » L HO_CH20H2CH2CH3 H3C_CHCH2CH3 Cl_CH2CH2CH20H3 H3C_CHCH2CH3
Hel OH cl
25% 13% 5% 3%
P I H,C=CHCH,CH _/ \N__/
N L AN — N N=—C
N,\ + >N_O —> l‘\] N—.Q 26% 17% 3%
N-Nitrosammonium - ,)
salt meChanlsmo

R / B R . n R

.e .o +H* \v. ve N .a .. —H*

N—N=0 —7/ N—N=O0OH <— N=N—OH| —/

e —H* / \_ 4 K,‘:& e +H*
H H H
/ N i
+H* . hy ~H,0 N+

RN=N—OH s RNAN-OH, s RON=N: — R —
.. A 2



Nitrosation of Amines

Demjanov rearrangement:

H,N OH
NaNO, H,O
HCI <
n
n=0-2

NH2  Hno,
|>4 ~—~ OH

NH; >

HNO,

o) HO N

Tiffeneau-Demjanov rearrangement:

HN— 7 NaNo, H,O i
‘{% Hol " QQ‘
n=0-4

OH

> A"S0H

mechanism?

é + HON — © [H 0
\ HO  CH,NH,
NaNO,

O

HO CFbNoz‘/////”
O oo — ()

——

—_—
HCI




Nitrosation of Amines

' HsC
0 i . NaNO,, HCI, H,0, 0°C n N
2°amines:  (cuy),NH e (CHpNEN=O0 O —— ON—N=0
H;C
0 88—90%
)J\ CHj NaNOZ )J\ _CHs N-Nitrosodimethylamine
R '}1/ HCI
H NO
O
_ I KOH., H,0. (CH,CH,).0. 0°C _ + e o ]
(1H'}.I\|J(_‘NH2 > CH,=N=N:" + NH; + KyCO; + HO
N=0
N-Methyl-N-nitrosourea Diazomethane
O -
o) NH, L oH X
E \ - > ——» H,C—=N—/N + _ —>» CO3" + NHs4
He” N
i [N\
+ hvor A or Cu e CH;CH, CH/CH; -
H’)C N N: ——» Hzc: 4+ N=N: : :
\; 40% S0-T0%
Diazomethane Methylene ) ] )
; bicyclo[4.1.0]heptane cis-diethylcyclopropane
- . pe - . - H
Mild esterification method (compatible _O.__N oH
. . - Y ("H,N,, (CH;CH,),0, CH;0H
with acid or base sensitive FGs): o I\O/ >
AN 0~ "NH,

5%



Reactions of Diazomethane

with acidic —OH:

RCO2H + CH2N2 — RCO2CH3 + N2 ArOH + CH2N2 — ArOCH3 + N2

=l

g SN2
't_é — %—o H,C— N_N — > —OCH; + N
® © ® V
H,C=N=—N =<—> H,C—N=N
: HBF,
with aldehydes and ketones: ROH + CH,;N, —— ROCH; + N,

A
+ CHN, 5 Migration aptitude:
L — N H>CHy>10C>20C>3°C
R "R CH,R'

byproduct %/\ .

> ellchaned
+  CHyN; —_— -



Reactions of Diazomethane and
Diazotization of Aryl Amines

with acid (Arndt-Eistert reaction) :

j\ CH,Ny, —» Q N A0 H,0
+ N —_— -
R” >Cl 2 RJ\C// H,0 — —  R-CH,CO,H
H
R

Best preparative method for chain R"‘V sz

elongation of carboxylic acids. R—CH,COR R-CH,CONHR'

Diazonium salts of 1° alkyl amines are unstable, but the diazonium salts of aromatic amines
are stable enough to undergo reactions with control (but usually generated in situ and
applied to subsequent reactions without isolation).

S T [y Y
HCI

More basic amines are easier to diazotize. Why?

N
+¢/

NH, N
©/ + HNOZ + H2804 ©/ HSO4_ =+ 2 HQO



Reactions of Arenediazonium Salts

l fw O diazotate
C?\I/éN o @\/ N ©/ (stable compounds)
X K
©/ ©/ HNEt, T tazene

"
) N=N HSO,~ Br
Sandmeyer-Gattermann reaction ) HBr
CuBr
H3C H3C

p-Bromotoluene (73%)

N=N HSO, CO,H

_KCN _HzOo*
CuCN
Cu + NaNO, HSO
(Cu + Na,S0, 2
or Cu + KSCN) _HNO, | Cu,0
HpS04 Cu(NO3)y, H20
NO, (SOj5, SCN)

p-Methylaniline p-Cresol
(p-Toluidine) (93%)

OH

CHg



Decomposition of Arenediazonium Salts

Mechanism involving copper (1) and radical intermediates:

N," HSO,~ Cu () X
©/ + CuX —— @ +  Cu(HSO4)X — ©/ + CuHSO4
Cu ()

Cu ()

Diazonium Aryl

compound \ radical
[QN:N----CUCI
Pschorr reaction:

CL O w5 [@f OB -0

O
Biphenyl preparation: X = HC=CH, H,C—CH,, NH, CHy, &

. OH
N2 N=N—OH e + N, +eOH
O.N
_ NaN02
N," BF, + NO NO, +
DMSO
@'Nf "O—N—0 @‘N:N—O—N—O @‘ + Ny + NOy*®




Decomposition of Arenediazonium Salts

Sy 1Ar ”‘

~N" HSO, UH
<> Hon, éj
ArleQUDn

v{,
N=N HSO4~ I

Iodobenzene (67%)

(nucleophilic attack of 15~ at the aryl cation) NH;
De-amination: 5 )
Br Br Br Br
\©/ H3PO,
CHs CHs

Alternative reductive conditions (in organic solvents):

ArN,* BF, : NaBH,/ DMF or CH;OH
(n-Bu)3;SnH or Et;SiH / ether or CH;CN

One of the few useful
methods for making
phenols.

Schiemann reaction: an important
method for making fluoroarene

&D/-N ® o
NaN02 HCI N _  NaBF, N, BF,
Cl ——
H,0, ()°C
7
NO*BF,
—’.

—[

Reducing into arylhydrazine:

~ NaH803
N,* Cl - NHNH,
(Or NQQSQOg,

SnCIZ, N328204)




Coupling Reactions of Arenediazonium Salts

- (X}
N=N HSO,~ %

where Y = —OH or —NRj

The coupling reaction with
phenol is usually carried out

under weakly basic conditions,

which promotes deprotonation
of phenol and favors
electrophilic substitution; but a
strong base converts
diazonium into diazoate.

OH

N328204

v
N /©/
QN

An azo compound

O

, NaOH / HZO

Benzenediazonium
bisulfate

pH = 8-10

+ H2N©—so3'

g&

K/ OHZ

OH
@/%N

p-Hydroxyazobenzene
(orange crystals, mp 152 °C)




Coupling Reactions of Arenediazonium Salts

Reaction with 3° arylamine is |
performed under slightly acidic pH =5-7 N\CH
conditions to increase solubility AcOH / H,0 /©/ 3

of amine in aqueous solution, N=N
but strongly acidic conditions will HSO,~
inhibit the reaction by completely

protonating the amine. N . . , :
Benzenediazonium N,N-Dimethylaniline p-(Dimethylamino)azobenzene
bisulfate (yellow crystals, mp 127 °C)

Reaction with 1° and 2° arylamines

{ nror + v~ Vo, "2 R pon, )

reacting in a similar fashion: l

QN N N@ — ©—N=N©—NHCH3 QN:N@NHZ



Electrophilic Aromatic Substitution of Aryl Amines

Halogenation: 0 0
\ / \ \ / \
3Br2 (CH3C0)0 | L b CHEDs
Pyrldlne H20 i
. . . p-Toluidine 2-Bromo-4-methyl-
Aniline 2,4,6-Tribromoaniline aniline (79%)
(100%) o 0
[
Acylation: S .
. . CH';CO 70 C5H5COC| / | NaOH / |
Friedel-Crafts reactions cannot “Pyridine AICI3 S HO QL
be successful with amino Aniline ! !
substituted arenes, due to the N | 0Z N |
acid-base complex formation N7 X N
between amine and Lewis acid CHicoC!
catalyst, and amino group will
be acylated prior to the AlCI3
aromatic ring. O

Similarly for nitration reactions, 1° and 2° amino groups need to be protected with acyl groups prior
to being exposed to nitric acid, to avoid oxidation of amine. But 3° arylamine can be directly nitrated.

NH,, NHR, and NR, are o-, p- directing, strong activating groups; NH;*, NRH,*, NR,H* are
m- directing strong deactivating group; NHCOR is o-, p- directing, medium activating group.




Electrophilic Aromatic Substitution of Aryl Amines

BN
. NH, NH3* %P
Sulfonation: fuming sulfuric acid & 5 °<¢
. ; HOSO0,CI 0
) H3C/C\N H3C/C\N
SO;
l H,S0, . H
T Acetanilide l
+ + o O
NH;" HSO,4 NHSO,H NH, h4
I B Bea
/C\
H3C f‘\l
SO3H H
Wilsmeier-Haack formylation .. EDG JEZ’S”

POCI;
O O
EDG = NR,, OH, OR, etc. DMF h4

| g Cl3 .\{:?/ o
_N @] Cl Sulfanilamide
\f - y (a sulfa drug)

%»@
/
|




Oxidation of Aryl Amines

1° and 2° arylamines are easily oxidized, 3° amines and 4° ammonium ions
relatively are inert to oxidations.

H,S05 MnOz
O2N NH- H o o o
29y

B Br
r CH,COH Oxidation product depends
Ny ——— NO, on the oxidative reagents.
Br Br

A5203, NaOH, Hzo
O O

‘ Fe + HCI J Zn, NaOH, H,O

ve Zn, NaOH, H,0
NO = NHOH @NIN@
NazCr207 + H2804
OH .
QNO + Qi%l\m2 —_— QNzN@ Mechanism?
H H e mechanism not clear
Q_N_NQ g HzNNH2 (but intramolecular rearrangement)

Me Et Me Et
H H H H *
O O = =T 3
Me Et Me Et

D&

D)




Nitroaromatics

Many nitroaromatic compounds are high explosives:

© f?f pealae

picric aC|d

Nitroaromatics are usually made by direct nitration of aromatic compounds :

CHs CH, CHs
@ H,SO, NO; H,80, A O2N NO,
fuming HNO4 © fuming HNO; @
NO, NO,
Cl v, =§9
Nucleophilic Aromatic Substitution (Sy2Ar): wddition sten -
(slow step)

« EWG (e.g., NO,) to activate @ NO:2

the ring @
» Good leaving group Hise

(—F best in these reactions) ‘ NO, —c'@ -

-
elimination step

@ (fast step)
NO, o




Nitroaromatics and Benzyne

NHCH; NHNH Preparation of benzyne:
NO, NO,

O
L o v B4
2 >
e, cl o, NH,NH; ) " .
2
y NO, w\a OCHsNO
il;/ 2

NO, NO,

O =28 g
Br Li (Mg"*)
11 .
( ) X Ij:/ X
/ ~iNH,
ey - O -
U e i

Phenyl anion Benzyne

(1N

Dimerization and hydrolysis:

O 00— O o




Reactions of BeEyne

—NH

Nucleophilic addition: /\T--—_;NH: A \. Ve AH ¥n, r j
= (1
N N

Explain the regioselectivity: Br
OCH3  KNH,, NH3 (l)

CH, minor major
NaNH,, NH3 (1) CFs
@ NaNH,, NH3 ()
Cl -
. . Cl
N maior minor
Cylcoaddition:

Q-0 — Q]+ weewo —
Q- co Q-

electrophilic addition: [ @
]



