Amines



Amines

Amines
bases, substituted ammonia
biologically significant: amino acids,

DNA, RNA bases, alkaloids

General formula
» Primary amine R-NH2

+ Secondary amine R2-NH
+ Tertiary amine R3-N

* Quarternary Rg-N*" X~




Properties of amines

Nitrogen is very electronegative.

Results Ih
N-H bond being very polar.
Hydrogen bonding being possible.
High boiling points.
Amines being organic bases.




Nomenclature

When a primary amine present with another
functional group: Use same approach as with
any branch or substituent.

HO-CH2CHCH2CH2

| |
Br NH2

4-amino-2-bromo-1-butanol




Examples

CH3CH2CHoNH> NH2
CH3—£H—CH3

1 -aminopropane
Z-aminopropane

2-aminohexane
r
CH3CH2CH2CH2CHCH3




Examples

CH3CH2CH2-NH-CH3
N-methyl-1-aminopropane

! 3
: : \

N,N-dimethylaminocyclohexane




Examples

(CH3CH2)2NCH3
N-ethyl-N-methyl-1-aminoethane

CH3-CH-CHz2-NH2
NH tH3
2
-C-CH-C
1,2-diaminopropane o3 | H-CH3

]
Ha2N OH
3-amino-3-methyl-2-butancl




Nomenclature

Many aromatic amines have special names
that have been accepted as TUPAC names.

NHE HHE HHE NHEF
CH;
CHH

aniline p-toluidine o-toluidine m-toluidine







CH,
1° 1° 10
CH;CHs—NH- CHy—C——NH; HoN—CH>=-CH,—0OH
Ethyl amine Ethanol amine
CHs [2-Amimo ethanol]

tert-Butyl amine

3 2 1 1° 12
CHQZCH_CHE_NHE HEN_CHE-CHE_CHE_CHE_NHE
E-Pl‘DpﬂﬂI}ﬁlle 1.4-Butanediamine
[Allyl amine |
2° 2
(CH3)oNH CH3CHy=—NH=CH;  (CH3),HC—NH—CH(CH3),

Dimethyl amine Ethyl methyl amine Diisopropyl amine



CHs~__CH,CH,

CHs N
\
N—CHECHECHg

£

CHs

N.N-Dimethyl propyl amine  N-Ethyl-N-methyl cyclohexane amine

H tCH Hz CHs
1 0 L FaC.2 ,C.. CH /
HaC. EE-. c k2 Hal —iEli—I"r.P:: A IE s Gk HaC~CHz-N;
4 3
Fo  Ha CHs Rz L CHs
a 1% amire c 1° amine a 2° cmire 3 2% anine
IUPAC name | l-zmirchutzne 2-aming-2-nethylcropane 1-mezhylamincpropane dimethylzamincethare
CA name bu-anamine

Common 1ame | n-butylemine

N
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Incole

¢-methyl-2-prcpanamine MN-methylpropanamine

tert-butylamine melhylpiopylamine

G C T §

M \
}-.
pipericine pyricine pyrmicine  pyrrolcing

N,M-cimethylezhanamine

elhiylui nethiylamine

SENE
j
!

M
I
imidazale

H
pyrrole



Physical Properties of Amines

- Amines are moderately polar. For this reason the low formula
weight amines are readily soluble in water due to the
formation of hydrogen bonds with water.

- They have higher boiling points than non-polar compounds of the
same molecular weight, because of the formation of intermolecular
hydrogen bonds, except for tertiary amines.

H CHz H H H H
| | | | | |
CH3_MN— Hes==>»- ]}l;_]_[ ..... I~|;[_ CHz CH:a_N_H.--.- 00— H-==-- I~|¢_ CHaz

Intermolecular H bonds
( n ) (H bonds with water)



CH,

CH3=CH,=CH,=CH;=NH; (CoHs),NH  CHy=CHy=N(CH3);  CH4-CH,~CH-CH;

boiling point : 771.8°C 56.3°C 37.5°¢ 27.8°C
(CH,;CH5),NH (CH3CH,),0 CH3(CH5)3CH;
boiling pomt : 56.3°C 37.5% 36°C
CH;CH,CH,CH,0H CH,CH5CH,CH>NH,

boiling point : 117.3°%€ 77.8°C



Physical Properties of Amines

TABLE 1141.1 THE BOILING POINTS OF SOME SIMPLE AMINES

Name Formula bp, °C
amrmonia NH4 33.4
methylamins CHaNH» 5.3
dimethylamine {CH;)oNH 7.4
trimethylamine (CH=) 5N 2.9
ethylamine CHzCH-NH- 16.6
propylamineg CH-CH-CH..NH.. , 48.7
butylamine CH.:CH-CH-CH-NHz 77.8
aniline CesH:=MNH= 184.0

TABLE 11.2 A COMPARISON OF ALKANE, AMINE, AND ALCOHOL BOILING POINTS™

alkane GHsCH: (30) CH4;CHCH, (44)
bp —88.6°C bp —42.1°C

armine CH=MNH.; (31) CHaCH:NHA (45)
'_Ii__: Tr = K} :.: "._ | :: (2

alcohol CHz0OH (32) CH;CH.0OH (486)
bhp —65.0°C bp +78.5°C

*Malecular weiahls (n g/smo!) are agiven 0 parentheses.



Basicity of Amines

 The lone pair of electrons on nitrogen makes amines
basic and nucleophilic

 They react with acids to form acid—base salts and they
react with electrophiles

 Amines are stronger bases than alcohols, ethers, or
water

£

I T AN
N:f + H—A — 'N—H+:A

An amine An acid A salt
(a L.ewis hase)

& 200 Tr-unmfnm-:- s



Amines as Bases

Incoming hydrogen ion
attaches to his lone pair ...

~

~a) ¢

(E}( N }:@
O]

MH3aq) + F30%aq) p MNHz*ag + H20),

.U TUrTms & unrmoriuee o,

MHapgp + HCl g e DH4F + Clyy



High pKa — weaker acid and stronger conjugate base.

TABLE 11.3 BASICITIES OF SOME COMMON AMINES, EXPRESSED AS pKk, OF

Name

THE CORRESPONDING AMMORNIUM IDNS

ammania
methylamine
dimethylaminga
timethylamine
elhylamine
propylamine
aniline

A-methylaniline

N A-dimethylaniline

p-chloroaniline

Formula

Ammonium
Amine ion
NH- NH,
EHJ\IHE CH;;EaI!-iE
(CH.),NH (CH2)aNH.
(CH),N (CHa)aNH
CH5CH,NH CHACHaNHa
CI1,CH,CH,NH, CH4CHACHANH-
C.H-NH- CoHsNH,
CoHoNIHCH, CeHaNHo(CH.)
CoHaN(CH-), CeHsNH(CH.)o

p-CIC H,NH,

2-CICHaNH-

pK, of the
ammonium ion

9.30
10.64
10.71

Q.77
10.67
10.58

4.62

4.85

2.04

3.98



Aliphatic amines are stronger bases than aromatic amines because of
the resonance in aromatic amines

Aromatic amines are much weaker bases than aliphatic amines or ammonia. For
exarnple, aniline is less hasic than cyclohexylamine by nearly a million times.

—_—

r?f;'r Y . ;f'H \\\
'-. )5 W
<{ £ I\'H’J :: i NH'—"
k3 4 = N !
\"\ f l\. ,J'H
antline l_"._lt |"~"-."-l-!|i'.li.x
pK, of ammonium ion 4.62 9.8

The reason for this huge difference is the resonance delocalization of the unshared
electron pair that is possible in aniline, but not in cyclohexylamine (Figure 11.2).

Electron pair is Electron pair is
; L|-.,']I“rl..'ﬂl'i'-‘_i‘t| El‘:'-"i=1.l;.1|'! localized on th
| resonance. trogen.

. 4 o + = )
NIT, NH, NH, T\[IH, -I“[ll—l:
i/‘};‘i’}LHx — /"-fl-xxxh _.--"-IXU\“-“ d“’f" "y g .-"’-If HM‘“-\_
H ———— . [' P, | & - - H i [ ‘
s — - = .a-"--
" ™ 23 o et
B o .



Electron-donating groups increase the basicity of amines,
Electron-withdrawing groups decrease the basicity of amines

CH,CH_NH, is stronger base than CH,(CI)CH_NH,
NH, NH, NH,
CH H NO;

3
stronger base



amines are stronger bases than amides

« Amides (RCONH,) in general are not proton acceptors except
In very strong aci(Z:I

 The C=0 group is strongly electron-withdrawing, making the
N a very weak base

« Addition of a proton occurs on O but this destroys the double
bond character of C=0 as a requirement of stabilization by N

- (M
FIBGU'@n-ﬂ;h \:‘(I-I}:
/ C.¥x _H Electran-poor
HSC' "“‘-.r.‘rl/“ f
H
; l
HsC”** H
Methylamine 01
(an amine) |
H3Cf’c“‘~‘w""H

| Acetamide
H (an amide) 20



I,
p-loloidine

bp 200°C

Basicity of amines

Amines react with acids much like ammonia.

H

]
Ft—ril: +  HcCI
H

H

Besults in salt formation.

h) -_-_‘_..-' it I o
‘\“r-: .\i H % (_..":
':: I ] = " l‘-‘;“;_:ﬁ
g il N
et nene vater ‘ ] NaOH
bp 238°C H0
s :_;ﬁ""

| «
R—‘l‘il—H + Cl-




Synthesis of Amines
1- Reduction of Nitriles and Amides

RCN
1) LIAIH4 /ethanol
I:J- - R{:HENHE
" 2) HoO
R C NH., 19 Amines
- NaCN e 1. T.1AIH ., ether . G
RX RCN 2. 0,0 > RCH,NH,
Alkyl halide 1° amine
O O
” 1. 50C1s || 3 1. TaATH,. ether
I > — . ' 5 TI.N
R—C—O0OI 5 NH. R—C—NH, 2. H,0 RCII,NII,
Carboxyvlic acid 1° amine

(2 2004 Thamsdn Saoghs Coke

NaCN 2 Hp, Ni
@CHzBr @CHZCEN - > @CH2CH2NH2

benzyl bromide 1-amino-2-phenylethane




2. Reduction of nitro compounds:

Ar-NO metal, H or H: , catalyst Ar-NH:
or » or
R -NO; R -NH:
Nitrocompound 1* Amine
NH> NH:
Sn, HC1
heat )
NO: NH:
p-Nitroaniline p-Phenvienediamine
Fe, HC1
CHzCH>CHNO: » CH:CH CH:NH2
1-Nitropropane n-Propyvlamine
NO2 NH,
Ho , Pt

=

or SnCly , HCI



CH,

NOg NH.,
+Ea HCI / ethanol -
NO5

CHa
NH,
02

NO,

Ho5
H—
NH3 / ethanol
NO,

N

NH>




CHs CHa
HNO3,H,S0,

- + ortho-

NO,

Ho,Ni

CHs;

NH>

p-toluidine



3- Ammonolysis of 1° or methyl halides.

R-X R-X R-X
NH3 — RNH2 R2NH —> R3N
10 2° 3°
| R-X
R-X must be 1° or CH3 RAN™X
4° salt
NH3
CH3CH2CH2CH28I’ > CH3CH2CH2CH2NH2

n-butylamine



C
CHaCH>CH5NH>5 CH3;CH>CHsNHCH,
n-propylamine methyl-n-propylamine

2 CH4CH,Br Et
NH, : er\lx
Et

aniline N,N-diethylaniline




Aromatic amines can often be alkylated selectively.

NH, NHCH, N(CH,),
R f"#rLQ::Z 'Fii‘%&"x
g - . C’H-Z -
| == s [ (11.8)
LNPe N

1

"
T
il

B N-methylaniline WV N=dimethvlaniiine

The alkylation can be intramolecular, as in the [ollowing final step in a laboratory
synthesis of nicotine:

_.!"-Hr HH"-W .--'"-” M"'\w
e N NI ICH, i ?‘.:CIFIE’
:‘_.‘ e [ 2 o7 - -
~Br Imtramolecular §,2 E T (11 ’9)
—HEr ;
S N o b I\' i



4. Reductive amination:

« Ammonia, primary amines, and secondary amines yield
primary, secondary, and tertiary amines, respectively

H,, Ni \ |
O + NHj » CH-NH,  1°amine
or NaBH3CN 7/

Ho Nit 1\ o
O + RNH,  CH-NHR 2~ amine
or NaBH3;CN 7/

Hp, Ni \ |
O + RoNH » CH-NR, 3° amine
or NaBH3CN 7/



Mechanism of Reductive Amination

e |Imine iIs intermediate

I_

H

0
” NH;L H.ﬁu
@”“““ U " Cf @““‘”
NH3



@ NHa, Hy/Ni INH;
AN ~  CH3CHCH
HaC™~“CHs CH3CHCHs
acetone isopropylamine
CH,CHg
O NH

I NaBH3;CN ,
CCH,CH3 + CHzCH>NH; g @CHCH2CH3

loph
propiophenone 1-(N-ethylamino)-1-phenylpropane

(:/ro NHg, Ho/Ni O/NHZ

cyclohexanone cyclohexylamine

Y



5. Hofmann degradation of amides

O KOBT

//

R—C -  R-NH,

\

NH>

Removes one carbon!

tHs o0 o

CH
_~7 OBr | 3
CH; NH2 i
CHs

2,2-dimethylpropanamide tert-butylamine



O=0

R NH, NaOH , Bry
Ho0O
ﬁ’
CH3 C NHE NaOH , Erﬂ—h

@cmﬂh

Br

m-Bromobenzamide

CH3(CH:)yCONH:

Hexanamid e
{(Caproamide)

H50

HOBr

CHE—NHE + CDE

KOBr

o
-

Br
m-Bromoaniline

» CHi(CH:NH:

n-Pentylamme



Reactions of Amines

- The lone-pair of electrons on the nitrogen atom dominates the
chemistry of the amines and cause them to function as Lewis
bases or nucleophiles

1- Basicity. Salt formation

ENH:; + H = RNH;

le + HF -~ = R._lh'—.['li;

E:N + H = = R;NH™



@NHZ + HCI @NH3+CI'

anilinium chloride

(CH3CH,),NH + CH3COOH —— (CH3CH,),NH,*, "OOCCH,

diethylammonium acetate

= -
NH, Cl NH,

+ NaOH - + NaOH + H;0

Phenyl ammonim chloride Aniline



2. Alkylation (ammonolysis of alkyl halides)

« Ammonia and other amines are good nucleophiles

Sy2 reaction
N - |

Ammonia i“:IHE + R—f% > RNH;* X~ . RNH Primary
Primary HNII: + R—X > R,NH," X~ E.LLE R,NH  Secondary
Secondary H.-_}f\'l H+ E—X > R;NH* X~ 2, RN Tertiary
Tertiary ]'i__}f\ll i R—X > RN*X Quaternary ammonium salt

& 2004 ThomsonBrocks Co e



CH,Cl
CH3CH2CH2NH2 E—— CH3CH2CH2NHCH3

n-propylamine methyl-n-propylamine

2 CH3CHZBr /Et
NH2 > N\
Et
aniline N,N-diethylaniline

H, (xs) CHsl H, GH3
@C_NHZ > @C_N_CHg
' S

CHs |

benzylamine benzyltrimethylammonium iodide




3- Conversion Into amides

-Primary and secondary amines react readily with acid chlorides
and acid anhydrides to form N-substituted amides.

{acid chloride)
RCOC] .
» R CO-MNHE An ANosubstituted amide

Primarv ENH: ™ [{vulfony] chloride)
ArS0.C1

» ArS0,-NHE AnAsubstitated sulfbnamide

H
(CH:COy:0
- N-C-CHa N-Phenylace tamide
| { Acetaniide)
O
O
H O
| |
Aniline (1%) CH-50.C1 @-}i — 5 A-Phenylbenzenesalfonamide
- | {Bem enesul fonaniide)
0

ag. NaOH



R COC]

- R'EG-E"El?.l An N-N-divabstituted a mide
Secondary R:NH —
ArS0.Cl
* ArS0-NE;  An MMN-disubstituted sulfonamide
C
C,H.COC1 e Hy
e > O -GN~ N-Ethvl-A-met hyTbe i amide
P idine ” ElH:-
H ]
|
C:H=-NCH:; ——
Ethylmethylamine (1) 0 CH;

-

ag. NaOH

p-CH,C,H,50,C1 @ |
> CH; - E"LHH
| C:H:

O
N-Ethy]-N-me thyl-p-toluens malfonamide



L)

R——1, &+

acyl halide

acvl halide

Cl

()
T
={,——NHR" = H.l

SCCH 11'!Li,’li"l'-' &l |1“ir.|t

H.N —R° —— R

primary amine

(11.22)

R '~|‘ R
| HN_ o, R G—=N + HCI (11.23)
R” R

seconclary tertiary amide

AInine

Gy s
/I a7
.‘;" ; \{Q\.‘ = ::i v “‘\". |
Y N L a i omenge 2O 4N & onemgarny, - nevar 4 o 112
\\—_)'f ‘\\_ _.j.-
ni-toluvl dicthvlaciine AT A dietivl s tolunmide
1 ’I.]I:Il etes z

(e insect repellent Of

PROBLEM 11.18 Writc out the steps in the mechanism for the synthesis of h|
OfT (eq. 11.24).

——— - = — —

The antipyretic (fever-reducing substance) acetanilide is an amide made from aniline
and acetic anhydride.

G L L) P
N 7\ i P

acelic dnlydride

W f'" l‘\'.“ i ;“;

%, — —_—r

teal e yoetanilide

F o E &



-Tertiary amines do not possess a hydrogen atom bonded to
nitrogen and do not form amides with acid chlorides and acid
anhydrides.

R COCL : :
» Np reaction

Tertiary RaN ——

Ar50e.Cl

* No reaction under cond itions of Hinsberg test

Hinsberg Test:
unknown amine + benzenesulfonyl chloride, KOH (aq)

- Reacts to produce a clear solution and then gives a ppt upon
acidification - primary amine.

- Reacts to produce a ppt = secondary amine.
- Doesn’'t react - tertiary amine.



4- Ring substitution in aromatic amines

Aromatic amines can undergo substitutions on the ring.

The amino group forms a Lewis acid—base complex with the
AlCl; catalyst, preventing further reaction

-NH2, -NHR, -NR2 are powerful activating groups and
ortho/para directors

-NHCOR less powerful activator than NH2

NH;

Br- {aq) , Br @ Br
NH,
Br
@ 1.4.6-Tribromoaniline

Aniline NHCOCH; NHCOCH, NH,
(CH,COLO Er, H.O

-Q—— QO = O
H

Br Br

Acetanilide p-Bromoacetanilid e p-Bromoaniline



NH; NH;

Br Br
+ Brpag. —= \©/ polyhalogenation!

Br

no catalyst needed
use polar solvent

Br
@ Brz,Fe @ HNO3 2/N|
H2SOy4

+ ortho-

NH2
° + H-CH A —_— N R
C 3C zBI', |C|3

Do not confuse the above with the alkylation reaction:

NH, NHCH,CHs

CHs; CHs;
+ CH3CH28I’ - >



5- Hofmann Elimination

e Converts amines into alkenes

 NH,™ Is very a poor leaving group so it converted to an
alkylammonium ion, which is a good leaving group

CHI g i
CH;CH,CH;CH,CH,CH,;NH, ———~— CH,CH,CH,CH,CH,CH,N(CH,),I
Hexylamine Hexyltrimethylammonium iodide
P&gg{]'
H,0, heat

CH,CH,CH,CH,CH=—CH, + N(CH,),

1-Tlexene (60%)

@ 2004 Thoimson'Brooks Cole

44



o6- Diazonium salts

Primary aromatic amines react with nitrous acid at 0°C to yield aryldiazonium ions.
The process is called diazotization.

1d
Ar-NH, + NaN(O», + 2HX i Ar-N=N:"X + NaX +2H,0

1° aromatic A diazonium salt
amine

I- Reactions of Diazonium Salts
1- Replacement of nitrogen

-Replacement of the diazonium group is the best general way of introducing
F, Cl, Br, I, CN, OH, and H into an aromatic ring.

Ar—Ny + :Z » Ar—Z + N,



(a) Replacement by — ClI, - Br, - CN. Sandmeyer reaction

o-Tolnidine

CHa

NaN©G., H.50,

NaNO., HCl

CH- CH>
N Cl— CuCl Cl _
o-Tolmened iazonium a-Chlorotoluene
chloride
CH- CH-
@ N, HSO,~  Cubr Br i
= —_ + Na
o-Bromotoluene
CH- CH>
@I‘if Cl-  cucy @ CN ~
- e e =+ M2
o-Tolmitrile



(b) Replacement by — |

Ar-No° + 17 — . Ar-1 + N
?‘I_Hg "11 HSD'J
@ NaNO., H.50, @ @
—l-
Aniline lodob enzene

(c) Replacement by — F

Ar-N;BFy ™ . Ar-F +N; + BF;

NH; "'Ig Cl- hE BF4
NaNQ. HC
Aniline Benzenediazonium Benzenediazonm Fluorobenzene
chloride fluorchorate

Tsolated as crystalline salt



(d) Replacement by — OH

Ar-N," + H.0 H . Ar—-OH + N3
A phenol
CH, CH;
@ NH; NaNQ., H.50, @ N,*HSO.
o-Tolidine

(e) Replacement by — H

H.O

Ar—-N;" + HPO, 1 4
Hvpophosphorous
ar id
NH, N> HSO,
@ Cl NaNO., H.S0, @Cl
=
Cl Cl

2.4-Dichloroaniline

CH-
H,O, H-, heat OH
> + N3

o-Cresol

Ar-H + H_]PD_]"‘EE

HPO- Cl
i 1 HE

Cl
m-Dichlor ob enzene



1I- Coupling

- Under the proper conditions, diazonium salts react with certain
aromatic compounds to yield products of the general formula

Ar—N =N - A", called azo compounds, this reaction, known
as coupling.
Ar-N."X &+ {Cl WG — _4_[-_‘;‘-;::'&;4@{; G must be a sirongly eleciron-releasing
group: OH, NR,;, NHR, NH;
Anazo compound

@:ﬁ;cr * @Dﬂ Lﬁ. @—ﬁ=ﬁ—@ﬂﬂ

Benzenediazoninm Phenol p-Hydroxyazobenzene
chloride pA{phenylazo)phenol



CN Cl

H cu;;?}ﬂ
P ) ™
L j ) H.PO,
> _ vl
I ’y
9




