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_earning Outcomes

At the end of this lesson, students will be able to describe

Amines
O Preparations of Amines
O Reactions of Amines
O Spectroscopy of Amines



Objective

The objective of this course Is to give to the
students of pharmacy the basic knowledge about

the organic chemistry.



Preparation of Amines

1. Reduction of nitro compounds

2. Reduction of halides with Ammonia or amines
3. Reductive amination

4. Reduction of nitriles

5. Hoffmann degradation of amides



1. Reduction of nitro compounds

ArNO; metal, H* ; or Hy, catalyst ArNH; Chiefly for
or > or aromatic amines
RNO) RNHz
Nitro compound 1° amine
Examples:
CaHs COOCzHs
HyR
NO, NH;
Ethyl p-nitrobenzoate  Ethyl p-aminobenzoate
NH; NH;
Sa, HQ
“Peat
NO, NH;

p-Nitroaniline p-Phenylenediamine

CH,CH,CH,NO, —=XS<, CH,CH,CH,NH,
1-Nitropropane n-Propylamine



2. Reduction of halides with ammonia or

amines

NH; 2%, RNH; 255 RoNH 255 RN 255 RN*X-

1° amine 2° amine 3° amine Quaternary
ammonium salt

@)
Examples:

CH,CO0H <> CH;COOH = CH,C00-NH,* 2> CH,COOH (or CH,C007)

NH;

Acetic Chioroacetic
acid acid

: |
CH«Cl My, CHNH, 2SS CH,~N—CH,
Etby chloride Ethylamine Methylethylamine
(1° @)

i
@cu,q N, @CH,NH, xHQ @cn,—-N—-cu,
Benzylamine Benzyldimethylamine

Benzyl chloride
(1%

Aminoacetic acid
(Glycine; an amino acid)

RX must be alkyl,
or aryl with

electron-withdrawing
substituents

*NH,

1)

(3



3. Reductive amination

™ M, Ni ~ .
jC=EI + NH; — NaBHLCN ;EH-NH; 1° amine
RNH, —2M . “CH_NHR 2 ami
+ 2 STBHCN amine
R,NH —M, “cHoNR,  3° amine
TR o NaBH,CN - 2
Examples:
CHy—C—CHj + NH; + H; —» CH;-(l:H—CH,
NH,
Acetone Isopropylamine
(17
H i Y
(CH3);CHC=0 + @HH; HaBHyon, @NCH,:H{CH;,,],
Isobutyraldehyde Aniline N-lsobutylaniline
() (29
H CH,
l:|:=0 Nl l
CH; + (CH;uNH + H, % CH,CH,—N—CH,
Acctaldchyde  Dimethylamine Dimethylethylamine

(2°) (3%



4. Reduction of nitriles

RC=N ZHucaubi o CH,NH,

Nitrile 1° amine
Examples:
O >cu,cn . @CH;CN 1. 1. @CH;CH;NH;
Phenylacetonitrile 8-Phenylethylamine
(Benzyl cyanide) (1"

CICH,CH,CH,CH,Cl —*N_, NC(CH)CN —2=M, H,NCHCH,)CH;NH,

1,4-Dichlorobutane Adiponitrile Hexamethylenediamine
(1,6-Diaminohexane)
(1°)



5. Hofmann degradation of amides

Of8r-

RCONH; or ArCONH; RNH; or ArNH; + CO;7"

Amide 17 amine
Exomples:
CHy(CH,),CONH, —2% . CH(CH,)NH;
Caproamide n-Pentylamine
(Hexanamide)

@C{}HHI KOBr @HH1
—-—|-+
T

Br
m-Bromobenzamide m-Bromoaniline



Reactions of Amines

1. Alkylation of amines

2. Conversion into amides

3. Ring substitution in aromatic amines

4. Hoffmann elimination from quaternary ammonium salts

5. Reactions with nitrous acid

10



1. Alkylation of amines

RNH. 2% rRonH B RN B RNX-
ArNH. % ArNHR 225 AINR; = ArNR,*X-

Examples: -
(n-CyHyisNH @EHECI e !H*fq,H-J.]:Hij@
Di-n-butylamine Benzyl chloride Benzyldi(n-butyllamine

(2) (3}
H CHs CH, _
| I
n-CH-NH, S, pcHyNCH, S5 oMo NCH; 25 n.CHGNCH, I
n-Propylamine n-Propylmethylamine  w-Propyldimethylamine i.'!','H
(%) (2) (3°) ’

A-Propyltirimethylammonium
iodide
(4)



2. Conversion into amides

ROCOCT
= R'CONHR An N-substtted amide

Primary: RNH; —

Arsih .l Ny
L+ ArSO,NHP. An Nesubstituted sulfonamide

RCOC]

« R'CONR;  An NN-disubstituted amide
Secondary: R,NH —

ArS0.Cl i
= ArS0:NRs  An N N-disubstinuted sulfonamide
RO
=t Mo reaction
Tertiary: R;N —
ArSt0

Mo reaction under conditions of
Hinsberg test(bur see Sec. 23.18).

12



3. Ring substitution in aromatic amines

-NH
N ij_ Activate powerfully, and direct ortho, para
) in electrophilic aromatic substitution
—NR:
—MNHCOR; Less powerful activator than --MNH;
Examples:
MH;
_ Bryaq) Hr@ Br
}__ NH; Br
@ - 2.4,6-Tribromoamiline
Aniline NHCOCH, NHUOCH; NH»
[ cmcono, @ N @ LR @
Br Br
Acetamlide p-Bromoacetanihde  p-Bromoamiline
N{CH}]I N{{_‘H:q}l
NaNO,, HOI
iiial, L=
NO
M, N-Dimethyl- p-Nitroso-M, M-dimethylanilise
anthing
{E’H;};N@ + @th‘]— ed {CH;};N@'NEN—@ + HCI
M, M-Dimethyl- Benzenediaronium An azo compound
aniline chlonde




4. Hoffmann elimination

H
| - . e
—C—C— he €=C_ 4+ RN + HO
P QP
“NR, Al 3" amine
ﬂuat:rmr;,'

ammonium 1on
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5. Reactions with nitrous acid

Primary aromatic: ArNH, HOND . Ar—N=N* Diazonium salt

Primary aliphatic: RH|H= _HOWO , [R—N:=N"*] 10, MN; + mixture of alcohols

and alkenes

R

I
Secondary aromatic ArNHR Ar—N—N=0
HOMNO

or aliphatic: or e or MN-Nitrosoamine
R:NH RaMN—N==0

Tertiary aromatic: @Nﬁz _Rona D=—N@ NR, p-Nitroso
compound

15



Spectroscopy of Amines

IR Spectroscopy
Characteristic N—H stretching absorptions
appear at 3300 to 3500 cm

Amine absorption bands are sharper and less intense
than hydroxyl bands.

Protonated amines show an ammonium band In the
range 2200 to 3000 cm!
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IR Spectroscopy of Amines: Examples

(a) Wavelength (um)
6 7 8 9 10 12 14 16 20 24
100 1‘ 1 [ 1 1 1 1 !
S 80| — - N
g
60 +
|
E i VAT T
£ 40 | T T
g —NH, \ NH,
£ 20 i
¢ T T T T T T T T
4000 3500 3000 2600 2200 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber (cm=1)
(b)
Wavelength (um)
2.5 3 5 6 7 8 9 10 12 14 16 20 24
100 1 | 1 | L1 | | 1 1 1
s 80
g6
0
£ / ,
g 40 1 =
g ‘ CH3CHNCHCHj
E 20 i | t
‘ H
0
T T T T T T T T T
4000 3500 3000 2600 2200 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber (cm~1)
© 2004 Thomson/Brooks Cole

Wavelength (um)

2.5 3 4 6 7 8 910 12 14 16 20 24
100 | 1 | 1 L | | | | | |
|
- YT
> [ v
: )
£ 60
= H
5 40 |+
g A CH3NCH3 Cl™
& 20 S |
U“ N-RyN-H CH;
0 T T T T T
4000 3500 3000 2600 2200 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber (em—1)
® 2004 Thomson/Brooks Cole
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IH-NMR Spectroscopy of Amines

= N-H hydrogens appear as broad signals without
coupling to neighboring C—H hydrogens.
= |n D,0O exchange of N-D for N—H occurs, and the
N—H signal disappears.
\_ D20 \ )
N—H =—— N—D + HDO
= Hydrogens on C next to N and absorb at lower field

than alkane hydrogens
= N-CHj; gives a sharp three-H singlet at 6 2.2 ppm to

0 2.6 ppm.

18



'H-NMR Spectroscopy of Amines: Example

N-methyl cyclohexylamine

Intensity ——»

NHCH;
[:::]/, TMS
10 9 8 7 6 5 4 3 2 1 0 ppm

Chemical shift (5)



13C-NMR Spectroscopy of Amines

Carbons next to amine N are slightly deshielded - about
20 ppm downfield from where they would absorb in an
alkane.

H

‘\\CFI_ISBSAL
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Mass Spectrometry of Amines

v The nitrogen rule of mass spectrometry says that a
compound with an odd number of nitrogen atoms has an
odd-numbered molecular weight.

v" Thus, the presence of nitrogen in a molecule is detected
simply by observing its mass spectrum.

v An odd-numbered molecular ion usually means that the
unknown compound has one or three nitrogen atoms,
and an even-numbered molecular ion usually means that
a compound has either zero or two nitrogen atoms.

v The logic behind the rule derives from the fact that
nitrogen is trivalent, thus requiring an odd number of
hydrogen atoms.
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Mass Spectrum of N-Ethyl propylamine

The two modes of a cleavage give fragment ions at
m/z =58 and m/z = 72.

100
s «——m/z =58
o 80—
Q
g
< 60—
g
c
o 40—
¥ 904
E 2 | mlz =72 « Mt =87
1 HI \ Ill vl | . |‘.
0 | | [ [ [ [ I | I [ [
10 20 40 60 80 100 120 140
mlz
H

'CH3 =
/ milz =72

Alpha cleavage

H

CHg—:’i—gHz— N— QHZ% CH,CH,

mlz = 87 \

© 2004 Thomson/Brooks Cole

H

|
CH30H2 —N=—= CHZ T * CHQCH3

mlz = 58
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