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Nomenclature

Aliphatic amines are named by naming the alkyl
group followed by the word -

Complicated amines are named by prefixing
amino- to the name of the parent chain

Aromatic amines are named as derivative of the
simplest aromatic amine, aniline

Salts of amines are named by replacing
by -ammonium (or -aniline by -anilinium)



H
I

Ethylmethylamine

CH,
I
I
CHj,

sec-Butyldimethylamine



H

I
I
CH,

2-(N-Methylamino)heptane

CH,CH,COOH

y-Aminobutyric acid



R

©

N-Ethyl-N-methylaniline

CH,

©

NH,

p-Nitroso-N,N-dimethylaniline
p-Toluidine



oN(THN(DHNo,

4,4’-Dinitrodiphenylamine



(CH;);NH*NO,

Trimethylammonium nitrate

Anilinium chloride



Physical Properties

Polar compounds
Form intermolecular hydrogen bonds

Higher boiling points than nonpolar
compounds

Lower boiling points than alcohols or
carboxylic acids

Quite soluble In water



Physical Properties

Methyl amines & ethyl amines smell like
ammonia

Higher alkyl amines have a “fishy” smell

Aromatic amines are generally very toxic;
they are absorbed through the skin, often
with fatal results

Aromatic amines are oxidized by air



Stereochemistry of Nitrogen

Nitrogen uses sp? hybridized orbitals

Tetrahedral shape
— one orbital Is a pair of nonbonding electrons

— the three remaining orbitals overlap s orbitals of
hydrogen or carbon

Approximate bond angles of 109°

Quaternary ammonium salts use all four sp?
orbitals to form bonds
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PREPARATION OF AMINES

1. Reduction of nitro compounds. Discussed in Sec. 22.9.

Ar—NO, I Ar—NH,
or metal, H* ; or H,, catalyst or Chieﬂyfor
R—NO, R—NH, aromatic amines
Nitro compound 1° amine
Examples:
COOCZH 5 COOCZH 5
H,, Pt
—_—
NOZ NHZ

Ethyl p-nitrobenzoate Ethyl p-aminobenzoate

NH, NH,
@ Sn, HCI @
—_—
heat
NO, NH,
p-Nitroaniline p-Phenylenediamine
CH;CH,CH,NO, =", CH,CH,CH,NH,
1-Nitropropane n-Propylamine

2. Reaction of halides with ammonia or amines. Discussed in Secs. 22.10 and 22.13.

R
|
NH, RX R—NH, RX, R—NH RX R—lll RX R—ILJ—R@X' RrX m/u.s't_,/)he alkyl,
| or aryl wi
R R electron-withdrawing
- . substituents
1° amine 2° amine 3° amine Quaternary

ammonium salt
(4°)




Examples:

CH,COOH -3 ?H:COOH XH,, (linCOO‘NH,,* H, ?H;COOH (or CH,COO")
cl NH, NH, *NH,

Acetic Chloroacetic Aminoacetic acid
acid acid (Glycine: an amino acid)
(1

H
|
C,H,Cl 2 C,HNH, -5, C,H,—N—CH,
Ethyl chloride Ethylamine Ethylmethylamine
(1% (2°)
-
@cuza s, @CHZNH, XHa, <()c1{,—n—cn3
Benzyl chloride Benzylamine Benzyldimethylamine

(1%) (3%)

@mcu,)z - & @N(CHS);*I'

N,N-Dimethylaniline Phenyltrimethylammonium iodide
(3% (4°)

cl NHCH,
@No2 CH,NH, @NO,
NOz NOZ

2,4-Dinitrochlorobenzene N-Methyl-2,4-dinitroaniline
(2°)

3. Reductive amination. Discussed in Sec. 22.11.

\ N \ -
£=0 + NH, —sxamen— JCH-NH,  1°amine

., Ni N\ 5 §
+ RNH, —’orN}:i;}:lcN /CH——NHR 2% amine

H,, Ni

% -
osm,cn - CH™NR; ¥ anion

+ R,NH



Examples:
CH,—("I—CHJ +NH; + H, CHJ—CIH—CH3

0] NH,
Acetone Isopropylamine
(1°)

i i
(CH3),CHC=0 + @NHz ~TaBHACN <C_—)>1~1c1-12c1{(cu,)2
Isobutyraldehyde Aniline N-Isobutylaniline

(1°) (29)

I'I'I CH;4
CH,C=0 + (CH;),NH + H, —Y-» CH,CH,—N—CH,
Acetaldehyde Dimethylamine Dimethylethylamine

(2°) (39)

4. Reduction of nitriles. Discussed in Sec. 22.8.

R—C=N 2H,;, catalyst R_CHZNHZ

Nitrile 1° amine
Examples:
@cnza NaCN CHCN e, @CHZCHzNHZ
Benzyl chloride Phenylacetonitrile B-Phenylethylamine
(Benzyl cyanide) (1%
CICH,CH,CH,CH,Cl N,  NC(CH),CN —=M 5 H,NCH,(CH,),CH,NH,
1,4-Dichlorobutane Adiponitrile Hexamethylenediamine

(1,6-Diaminohexane)
(1°)

5. Hofmann degradation of amides. Discussed in Secs. 22.15-22.17.
R—CONH, or Ar—CONH, —28°5 R—NH, or Ar—NH, + CO,*-

Amide 1° amine
Examples:
CH;(CH,);CONH, X9, CH,(CH,),NH,
Caproamide n-Pentylamine
(Hexanamide)
@CONHZ — @NH2
Br Br

m-Bromobenzamide m-Bromoaniline ]






tion of Amides

(0]
Y VA < Lower
KMa0s,, RC< = . P RC< RLL-NS RC\/ Sk R—NH, carbon
OH Cl NH, number
; Higher
NN | RCH,c=N 2™, R CH,CH,NH, carbon
PBr number
R—CH,OH—+——— RCH,Br — S
, : Ni ame
. — R—CH,NH, carbon
number
K,Cr,0 H NH;, Hy, Ni Same
——=, RC=0 S - R—CH,NH, carbon

number



Reductive amination has been used successfully with a wide variety of aldehydes
and ketones, both aliphatic and aromatic. For example:

CHy(CH,)sCHO —NHuHaN - oy (CH,)CH,NH,

Heptaldehyde n-Heptylamine
(Heptanal) (1-Aminoheptane)
Qoo = Qe
Benzaldehyde Benzylamine

CH;(CHZ)Z%CHJ DB, B N c1-l,(cnz)zclncuJ

NH,
2-Pentanone 2-Aminopentane
(Methyl n-propyl ketone)

©~("3—CH3 NHj, NaBH,CN @—?H—Cﬂs
(0]

NH,

Acetophenone o-Phenylethylamine
(Methyl phenyl ketone)

Reductive amination of ketones yields amines containing a sec-alkyl group;
such amines are difficult to obtain by ammonolysis because of the tendency for
sec-alkyl halides to undergo elimination. For example, cyclohexanone is converted

into cyclohexylamine in good yield, whereas ammonolysis of bromocyclohexane
yields only cyclohexene.

KoCri0; _NHy Hu NG
H,SO, <} o NH 2
Cyclohexanone Cyclohexylamine
OH —

Cyclohexanol i
- <:> . - Q

Bromocyclohexane Cyclohexene

During reductive amination the aldehyde or ketone can react not only with
ammonia but also with the primary amine that has already been formed, and thus
yield a certain amount of secondary amine. The tendency for the reaction to go

H H H

| | ; |
R—C=0+ H;N—CH,R —» | R—C=N—CH;r | 2259, pey.  N-CHR
Aldehyde 1° amine Imine 2° amine

beyond the desired stage can be fairly well limited by the proportions of reactants
employed and is seldom a serious handicap.



Reductive amination

Many aldehydes (RCHO) and ketones (R,CO) are converted into amines by
reductive amination: reduction in the presence of ammonia. Reduction can be
accomplished catalytically or by use of sodium cyanohydridoborate, NaBH;CN.
Reaction involves reduction of an intermediate compound (an imine, RCH=NH
or R,C=NH) that contains a carbon—nitrogen double bond.

i Mg it i
R—C=0 + NH; — |R—C=NH| —momcr R—C—NH,
An aldehyde | An imine | H

A 1° amine

x B i

| Hy, Ni .
R—C=0 + NH; —> |R—C=NH| —wmmen> R—C{-NH:

A ketone An imine I H

A 1° amine



Reactions of Amines

Q #
53




REACTIONS OF AMINES

1. Basicity. Salt formation. Discussed in Secs. 22.5 and 23.2-23.4.
RNH; + H* — RNH;*
R;NH + H* == R;NH;’

R;N + H* = R;NH*

Examples:

@NHz & HGO = @NH3*CI‘

Aniline Anilinium chloride
(Aniline hydrochloride)

(CH;3);NH + HNO; —= (CH;);NH,*NO;"-
Dimethylamine Dimethylammonium nitrate

H
@ N(CHj3); + CH;COOH — @N(CH;)Z* “OOCCH;

N,N-Dimethylaniline N,N-Dimethylanilinium acetate



2. Alkylation. Discussed in Secs. 22.13 and 23.5.
RNH, =2+ R,NH B2 RN BX, RN*X-

ArNH, —%5 ArNHR -RXs ArNR, %5  ArNR;*X-

Examples:
(n-C4Hg);NH + @ CH,Cl —— (n-C4Hy),NCH, @
Di-n-butylamine  Benzyl chloride Benzyldi(n-butyl)amine
(29 (379)
H CH, CH,
CH,l | CH,l CH,I -
n'C3H7NH3 F—t—) n'C3H7NCH3 s n‘C3H7NCH3 e—— n-C3H7NCH3 1
n-Propylamine Methyl-n-propylamine Dimethyl-n-propylamine CH,
% |
L 29 37 Trimethyl-n-propylammonium
iodide

4)

3. Conversion into amides. Discussed in Sec. 23.7.

—RCOCL_ . R'CO—NHR An N-substituted amide

Primary RNH,

ArSO,Cl

ArSO,—NHR An N-substituted sulfonamide

__RCOCl . R'CO—NR, An N,N-disubstituted amide
Secondary R,NH ——

| ArSO:CL . ArSO.—NR, An N,N-disubstituted sulfonamide

—REOCL 5 No reaction

Tertiary R;N —

L ArSO:Ll . No reaction under conditions of

Hinsberg test (but see Sec. 23.19)



Examples:

H
|
_cncoro @N—i*cm
€]

Acetanilide
@ NH, (N-Phenylacetamide)
Aniline H O
(1%) C,HsS0,Cl [ |
aq. NaOH N_ls
(0)

Benzenesulfonanilide
(N-Phenylbenzenesulfonamide)

CH;
C4HsCOCI C—N/
pyridine “ \C H
Iil (o) Y o
N-Ethyl-N-methylbe id
C,H,NCH, yl-N-methylbenzamide
Ethylmethylamine
@3 p-CH,C4H,S0,Cl (|) /CHa
36ty 2
aq. NaOH CHJ@’?_N\
CZHS

O
N-Ethyl-N-methyl-p-toluenesulfonamide

4. Ring substitution in aromatic amines. Discussed in Secs. 23.8, 23.11 and 23.18.

—NH,
—NHR Activate powerfully, and direct ortho, para
—NR, in electrophilic aromatic substitution

—NHCOR: Less powerful activator than —NH,

Examples:
NH,
__Br@g  Br)Br
NH, Br
2,4,6-Tribromoaniline
. NHCOCH; NHCOCH; NH,
Aniline
(CH3C0),0 Br, }::(3
Br " Br

Acetanilide p-Bromoacetanilide p-Bromoaniline



N(CH3): N(CH3)2
@ NaNO,, HCI
NO
N,N-D.ilgxethyl- p-Nitroso-N,N-dimethylaniline

aniline
(CH3)2N© + @NZ*CI‘ —2id . (CHj),N @—NzN—@ + HQl
N,N-Dimethyl- Benzenediazonium An azo compound

aniline chloride

5. Hofmann elimination from quaternary ammonium salts. Discussed in Secs. 23.5-23.6.

H
gy OH -, heat N 4
—(Ij—([‘— i Rl T /C=C\ + R;N + H,0
@NR; Alkene 3° amine
Quaternary

ammonium ion
6. Reactions with nitrous acid. Discussed in Secs. 23.11-23.12.
HONO

Primary aromatic ArNH, ——->> Ar—N=N* Diazonium salt

Primary aliphatic  RNH, _HONO ;. (R N=N*] M0, N, + mixture of alcohols

and alkenes
0
Secondary aromatic ArNHR Ar—N—N=0
or aliphatic or _HONO _ or N-Nitrosoamine
RzNH RzN—N—:O

-Nitroso
Tertiary aromatic <O>NR2 N0, 0=N©NR2 cpompound ]



1 of Aromatic Amines

;*HSO, NH,*
J 180-200°C @
SO,

Sulfanilic Acid
0gen sulfate



ally sulfonated by “baking”
lum hydrogen sulfate at 180

uct Is para isometr.

zenesulfonic acid — known as
Id



Sulfanilamide — The Sulfa Drugs

« The amide of sulfanilic acid (sulfanilamide)
and certain related substituted amides are of
medical importance.

 Sulfa drugs

» Make up a considerable portion of the
output of the pharmaceutical industry.

* Prepare by reacting a sulfonyl chloride with
ammonia or an amine.



Sulfanilamide — The Sulfa Drugs

» The presence in a sulfonic acid molecule of
an amino group poses a special problem: if
sulfanilic acid were converted to the acid
chloride, the sufonyl group of one molecule
could attack the amino group of another to
form an amide linkage.

» This problem is solved by protecting the
amino group through acetylation prior to the
preparation of the sulfonyl chloride.



nium Salt

=N:tX"




zonium Salt

ry aromatic amine, dissolved
n cold agqueous mineral acid, Is |
lum nitrite, a diazonium salt

Is formed



nium Salt

M ,Ar-N=N:" X +Nax+2H,0




f Diazonium Salts

. nitrogen Is lost
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REACTIONS OF DIAZONIUM SALTS

1. Replacement of nitrogen

Ar—N," +:Z —> Ar—Z + N,

(a) Replacement by —Cl, —Br, and —CN. Sandmeyer reaction. Discussed in Secs.

23.13-23.14.
S, Ar—Cl + N,
Ar—N,* — 185 Ar—Br + N,
SN, Ar—CN + N,
Examples:

CH,; CH; CH,
@NHZ NaNO,, HCI @NZ*CI‘ o ©c1 N,
o-Toluidine o-Toluenediazonium o-Chlorotoluene

chloride

CH3 CH3 CH3
(CDNH2 NaNO;, H,S0, ©N2+HSO4' CuBr @Br +N
o-Toluidine ' o-Bromotoluene

CH; ~ CH, CHj,

@NH; NaNO,, HCI @NZ*CI' CuCN @CN N

o-Toluidine o-Tolunitrile




4

(b) Replacement by —I. Discussed in Sec. 23.13.

Ar—N,* + I — Ar—I + N,
Example:

NH, N,*HSO,4~

1
@ NaNO,, HyS0, K1 @ + N

Aniline Iodobenzene

(¢) Replacement by —F. Discussed in Sec. 23.13.

Ar—N,*BF,~ —', Ar—F + N, + BF,

Example:

NH,; N,*Cl- N,*BF,~ F
@ NaNO;, HCI @ HBF, @ heat © + N, + BF;
Aniline Benzenediazonium Benzenediazonium Fluorobenzene

chloride fluoroborate
Isolated as crystalline salt

(d) Replacement by —OH. Discussed in Sec. 23.15.

Ar—N,* + H,0 -5 Ar—OH + N,
A phenol
Example:

CH, CH;

CH;
@NHz NaNO,, H,80, @Nz*HSOf H,0, H*, heat ©OH + N,

o-Toluidine 0-Cresol




(¢) Replacement by —H. Discussed in Sec. 23.16.

Ar—N2+ + H3P02 &) Ar—H + H3P03 + Nz

Hypophosphorous
Example: acid
NH, 2t HSO4~
@Cl NaNO,, H,SO4 Cl H;PO> @Cl kil N2
Cl Cl Cl
2,4-Dichloroaniline m-Dichlorobenzene

2. Coupling. Discussed in Sec. 23.18.

G must be a strongly
Ar—N, X" + @G == Ar—N=N©G electron-releasing
group:
An azo compound OH, NR,, NHR, NH,

Example:

weak'ly
O+ Qpon Boe QrrnQon

Benzened{azonium Phenol p-Hydroxyazobenzene
chloride p-(Phenylazo)phenol






