Chapter 14 : Amines
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1° (primary amine) RNH,
2° (secondary amine) R,NH
3" (tertiary amine) R3;N

4 (quaternary amine salt) R,N*
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‘ 14.1 Nomenclature

Primary Amine

= Common name:
Alkylamines -When primary amines are named as alkylamines, the ending —amine is

added to the name of the alkyl group that bears the nitrogen.

= JUPAC system:
Alkanamines — The suffix -e of the parent alkane replaced by —amine.

NH,
CH,CH,;NH, m\ ®  CH,CHCH,CH,CH,

NH,
Ethylamine Cyclohexylamine [-Methylbutylamine
(ethanamine) (cyclohexanamine) (2-pentanamine)
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Secondary and Tertiary Amine

= Secondary and tertiary amines are named as N-substituted derivatives of
primary amines.

= The parent primary amine is taken to be the one with the longest carbon
chain.

= The prefix N- is added as a locant to identify substituents on the amino nitrogen
as needed.

CH;NHCH,CH;  (CH,),NCH,CH,

N-Methylethylamine N,N-dimethylethylamine

|}|(C Hs),
CHaCH,CHCH,CH,CH,

N(CH3),

N,N-dimethyl-3-hexanamine

N,N-Dimethylcyclo-
heptylamine
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Some Common Nitrogen Containing Heterocycles
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N TTT | N
A_ » H H Pyridine
azIldin€ - pyrrole  Pyrrolidine

Imidazole pyrimidine triazine
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Aniline. NH,

F . ‘ NHZ Br CHQCH;
p-Fluoroaniline 5-Bromo-2-ethylaniline
NHCH,CH.

NO,

Cl

4-Chloro-N-ethyl-3-
nitroaniline
(a secondary amine)
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IUPAC Priority of Amine

= Among the various functional groups discussed in the text, -NH, is one of the
lowest in order of precedence.

H,NCH,CH,OH H,NCH,CH,CH,CO,H
2-Aminoethanol 4-Aminobutanoic acid
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1422

= Amines have an sp3 hybridized nitrogen with a lone pair of electrons in an
sp orbital.

Y Y

Nkbl/l",“ Tg”’ CH,;
H;C

107° - CH3 108°

ammonia trimethylamine
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In principle, acyclic tertiary amines with three different groups can be
envisage to be chiral (i.e., nitrogen as a stereocenter).

L y

H\.l\\,\l“" \ / "Q‘J/UH
Me/ Et Et Me
(S)-Ethylmethylamine (R)-Ethylmethylamine

THE ENANTIOMERS CANNOT BE ISOLATED.
Why???
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Rapid pyramidal inversion of the amine nitrogen prevents isolation of the
enantiomers except where the nitrogen is part of a ring or has other
geometrical constraint

R1 Rl
6 kcal mol? )

) R3
L oo ‘ R1 S
3 2 Y R3 ! N _R2
ol i \\\\R N e
N-«; — R1—N"\ —_—
/ \“IR3 R gei
R' R2 |

transition state

Enantiomers that cannot be resolved-Rapid Interconversion
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= Quaternary Amines — CHIRAL.:

Pyramidal inversion is not possible with quaternary ammonium ions, and
their salts can be resolved.

cr cr
Et“?NJr\/\ A N\,, , ’Et
Me
S Enantiomer R Enantlomer
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‘ 14.3 Physical Properties

= POLARITY: Alcohol > Amines > Alkane

CH;CH,CH;  CH,CH,NH, CH,CH,OH
Propane Ethylamine Ethanol
bp —42°C D 17°C bp 78°C

= A=A =N dsHSh 2 2

u@

(2 X 2 Ol Xt OFRIC| 2 20l O

H

P 018 ZHE 0181 S0IA,
R”/ N gIXf OtEI0] F=&0/ I8 =47
R N AT OLEI0] JHE KL
R”/
R

1° or 2° amine: CH,CH,CH,NH, CH,CH,NHCH; (CH4)sN
hydrogen bond donor Propylamine N-Methylethylamine Trimethylamine

and acceptor (a primary amine) (a secondary amine) (a tertiary amine)

bp 50°C bp 34°C

bp 3°C
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‘ 14.4 Basicity of Amines

QI| H=E0ICE EeF Olddst 8282

=

-~ == o
RNV T H-"OH = R,N—H + :OH
[R;NH"J[HO "]
b = and pK, = —log K,
[R;N]

0+219| K, =103 to 10
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= Ol IIEe X8| 21t

NH; NH, NH;
pK 5 of OCH; NO;
cory. acid: 53 4.6 1.0

( much weaker base)

Electron Withdrawing

Electron Donating

FEE2 M= OETSIAE. HA &2 J/= S4EIAZ.

C;NHz %Hz I(FIHz ﬁHz gHs
) e
éj r : |
NO; 0% ~0® %//Neioe %/N@O@ NO;

Konyang University/ Organic Chemistry I1/ Prof. Lee



/R
N
/

H

pyrrole
04

aniline
4.6

pyridine
9.2

—
o

6

)

—

| &7 %

o
—

Pyrrole

7/t 871

N
&
B
S
=
IS
-2
5
S
N
S
a
3
|
S
S
IS
S
3
=1

o MXel &
[ = O|C}.




14.5 Preparation of Amines

By Alkylation of Ammonia

+
RX + 2NH; —— RNH, + NH, X

Alkyl Ammonia Primary Ammonium
halide amine halide salt
= AHES-L22s s dd =
= 22022 52 BtS40l 22UL0F B0 O 2B=.
25802 (ges IS dd=2 E8=01 2NHE.
NH; (2 mol)
CH_}(CHz)(,CHzBI' > CH_}(CHz)(,CHzNHZ . [CHg(CHz)(,CHzlzNH
|-Bromooctane Octylamine N,N-Dioctylamine
(I mol) (45%) (43%)
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grs W7lLlE

R—NH,

RI_CHz_k’(BI’ —_— R—NI l:—CH7_'R’

< salt
Br

primary amine primary halide

R—NH,—CH,R’ + R—NH, =|R—NH—CH,—R’|+ R—NH;
~Br 2° amine Br

Further Reactions
CHQ_R’

|

R—NH—€H,-R’ + R'-CH,—Br > R—NH-CH-R’ —.

BI' — R_\_CH_R’
2° amine 3° amine
Cle—R,
. R—N-CH—R’
., " 4° amine
CHz_R,
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By Reduction

= Reduction of Alkyl azide — lithium aluminum hydride or
catalytic hydrogenation

reduce

. + . — .e
R—N=N=N: —— RNH,

Alkyl azide Primary amine
I. LiAlH
CeHsCH,CHN; ———— CHsCH,CH,NH,
2-Phenylethyl azide or 2-Phenylethylamine
Pd/C/H, (80%)

= Remember: Azide can be prepared by Sy2 Reaction between
alky halide and sodium azide.

Br N; NH,
O/ NaN, O/ 1) LiAlH,4 O/
> >
- 2) H,0 -



Reduction of Nitriles to Primary amines

RC=N -— > RCH,NH,

Nitrile Primary amine
F;CQCHzCN - P > F;C OCHzCHzNHZ
p-(Trifluoromethyl)benzyl 2-(p-Trifluoromethyl)phenylethyl-
cyanide amine

(53%)

= Nitrile2 & &2t0|=2 NaCNe S28tS2=z H =L

O/Bl‘ CN CH,NH,
1) LiAIH
NaCN ‘e
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Reduction of Nitro to Primary amines

CH(CH )a H(CH5),
o-Isopropylnitrobenzene o-Isopropylaniline
(92%)
p-Chloronitrobenzene p-Chloroaniline
(95%)

@:CH3 Zn, HCL, EtOH @CH3
r
NO, NH
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Reduction of Amides

= OIOIOIE= 0l A v Z2LI0t=1°0t8l= Bt
v 1°0t8l2 2° 02l = Bt&=.
v 2°0t2l2 3° 02l = Bt&.
O O .
| NH; | 1) LiAH,
CH;—C—Cl » CH;—C—NH, » CH;-CH,-NH,
2) H,0

primary amine

)

O
I
> »
2) 1,0

Amide is less reactive than amine.
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Reduction of Imine

= Primary amine gives secondary amine

Rl\ + _ H20 T' H2 TI
R/c—o RN, > |R—C=NR"| \.' R—C—NHR"
Imine

= Secondary amine gives tertiary amine

R'\ — E o " e ) HZO T' +
/C—O R NHR —_— R_C=NR||R|||
R(H) :
Imine salt
NaBH;CN R’

I
™ R—C—NR"R"
H
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Gabriel synthesis — Primary Amine

0 (o) o
N /\K"“ \ R-CX \
“N—H _ N K* — N—R
acidic / (- RX) /
(8]

° 0
Phthalimide Nucleophile substitution
reaction with alkyl halides

2 1
(0)/\ (o]
NH3-NH, ﬂ—NHNHz
—R > 1 "
Uy

o)
o)
— NH
Cﬁ;w ¥ RNH2
5 Primary amine
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Siegmund Gabriel

Born 7 November 1851
Berlin, Germany
Died 22 March 1924 (aged 72)

Berlin, Germany

Nationality German
Alma mater University of Heidelberq

Known for Gabriel Synthesis

Scientific career

Institutions University of Berlin

One of Gabriel’s most significant contributions to organic chemistry was made
In 1887, when he discovered the Gabriel Synthesis with his partner James
Dornbush. The Gabriel Synthesis is a reaction which synthesizes pure primary
amines, involving the reaction of potassium phthalimide with an alkyl halide,
followed by hydrolysis. The Gabriel Synthesis was adapted by Gabriel in 1889
to a procedure for the preparation of amino acids.
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‘ 14.6 Reactions of Amines

Reaction of primary amines with aldehydes and ketones

General Equation and Specific Example

R’ R’ R/
RNH, + /CZO — RNH—(|Z—OH — RN=C\

Ru R” R/r
Primary Aldehyde Carbinolamine Imine
amine or ketone

7
CH3NH2 F C6H5CH - C6H5CH:NCH3 “r Hzo
Methylamine Benzaldehyde N-Benzylidenemethylamine Water
(70%)
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Reaction of amines with acyl chlorides

O OH O
R,NH e RZN—C‘CI = R2N<H:R'
4
Primary or Acyl Tetrahedral Amide
secondary amine chloride intermediate
O O

CH3CH,CH,CH,NH, + CH3CH2CH2CH2(U_C| —> CH3CH2CH2CH2(U.NHCHZCHZCHZCH3

Butylamine Pentanoyl chloride N-Butylpentanamide

(81%)
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Reaction of amines with alkyl halides

= Problem with polyalkylation- Product More Reactive

- R'CH E 'CH,X i 'Cl E
RNH, ———> RNHCH,R’ ——=> RN(CH,R’), ———> RN(CH,R'); X

Primary Secondary Tertiary Quaternary
amine amine amine ammonium salt

= Good for preparing quaternary ammonium salts

<:>>CH7NH7 + 3CH;I =y <:>~CH7N(CH1); I

(Cyclohexylmethyl)- Methyl (Cyclohexylmethyl)trimethyl-
amine 1odide ammonium iodide
(99%)
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Functional Groups Inter-conversion for the synthesis of Amine

® ©
(O (O
! O—CN —>O‘CH2NH2

3
NH NH
( ) Q 2 M QCHZNHR
NH3 NaCN
LiAlH4 A

LiAIH4
Br

| Mg LiAlH4
l 2.CO2
1. SOCI2

N = 2. NH3
Crn-( ) [D-coon—"m [ y-comn

= 1. SOCI2

lo) | 2. RNH2
' > QCONHR

PCC 1. NH2R
OH ——> O > NHR
2. NaBH4

NH2NH2

Konyang University/ Organic Chemistry I1/ Prof. Lee



‘ 14.7 Nitrosation of Amines

= Generation of nitrosyl cation

H

O—R=0: > H—0—N=0: ">

Nitrite 1on Nitrous acid
(from sodium nitrite)

H—OQ5N=0: ——> :N=0:
IL Nitrosyl

cation
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= Nitrosation of secondary amines from nitrosyl cation - formation of
nitroso compound

/\l + . = .o .o H .. .. ..
R;N:” + :N=0: —> R,N—N=0: —> R,N—N=0:
| 2
H H
Secondary Nitrosyl N-Nitroso
alkylamine cation amine
.e »‘\() .. .. ..
(CH.),NH ———> (CH;3),N—N=0:
Dimethylamine N-Nitrosodimethylamine
(88—90%)
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LIOIEZ£ 01012 Q2N HYSH

N-Nitrosodimethylamine
(formed during
tanning of leather:;
also found in beer

and herbicides)

|
AN
O

N-Nitrosopyrrolidine
(formed when bacon
that has been cured

with sodium nitrite

1s fried)

_ |
N-Nitrosonornicotine
(present in tobacco

smoke)
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Nitrosation of primary amines from nitrosyl cation - formation of
diazonium salt (via nitroso-intermediate)

H
RNH NaNO RN/ Several steps TS
2 TR - >  RN=N:
N:OI
Alkyl diazonium
Primary (Not isolable) ion
alkylamine
NaNO,, H( R :
CeHsNH, —————>  CcHsN=N: Cl
Aniline Benzenediazonium chloride
NaNO,. H-SO {
(CH_;)zCH<©—NH2 s (CH_z)gCH—Q—NEN HSO,
p-Isopropylaniline p-Isopropylbenzenediazonium

hydrogen sulfate
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Overall Mechanism of Diazotization

/—\ + ) -H-0O
NaNO, + HCl — H-0-N=0 _H"_ H-0-N=0 —Z= "N=0
H

1 —N=0 AL, AT ONS
R-N: = . Rirlxl—N:o %R—I}I—NZO H R—ITI—NZOH

|

H H hitroso H

HZO hH.‘- &y (1+ -H20 —

I
. H
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= N-nitrosamines are carcinogens formed in foods by reaction of nitrite
with secondary amines, often in the form of amino acids.

v 2021 JJ] OFE4AE S0 S0 U pHIE & 50122 UHFEE2
OtE & &2 NO,~ (99%)E EM. £& ZE2 DIlil= NO,~ 2
StSol= HIOIEIZ!I CE EDiol2=2 0219 LIOIEZA0IeIo 29
A0l A M=l L

v SIZOIAN: HCI TH20l =910t &8 20|22 (pH=2) &3
OFE A X2 01BIO] LIOIEZRAS} BHSE YOHM LIOIEZ A0
H 2 2

(A2 ZE)0| M2ICE LIOIEZAF Bt OI81o] =S IJF YL}
(Odl: MEHEHA Alct Bt5 AIE M F) HI0IER!I C sEI =0

(O LS 0l HS) =cellt.
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14.8

ArH —> ArNO,— ArNH,—>| Ar—N=N: |

Aryl
diazonium
10N

= g4 FIJ| 3tst 0lA OFE CiOIOtE s & 2| JHXI & JHAl=:
1.2222, 0t0I2%, AIOIOt:, SIOIEEA J] 20| €| &
A& E gldE Deloll H =

- = - = (=) =| = -
2. MAELS ekl X B 2= 88 22 + Qe Ste=2

H=2 A Ol =2

= T MO
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» ArOH

K]
» Arl
. HBI > ArF Schiemann
reaction
+ ot
i AI'—NEN: >AI'C]
| Ary.l ( ArBr > Sandmeyer
diazonium > reactions
1on
( CN
» ArCN
B
.PO
» ArH
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= Schiemann reaction - Aryl fluorides

heat

Ar—N=N: BE, =“> AfF + BF, +:N=N:

Aryl diazonium Aryl Boron Nitrogen
fluoroborate fluoride trifluoride

Design synthesis of m-fluoropropiophenone from benzene

@)
2 O
>~ O 204

I
AlCl; -(3-nitrophenyl)propan-1-one

propiophenone

Pd/C 1. NaNO,, H,0, HCI

2. HBF,

3. heat

CCH,CH; CCH2CH3

|
Konyanyg 5 o




Reductive Deaminations via Diazonium Salts

Ar—N=N: BR%r , \n | EN=N
d = B i
CH3 CH?

NH,
.\':1‘\'(;\-._1!.\'(),H~()\
H,PO, i

o-Toluidine Toluene
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= LOI0tx=s &2 &3 Ol0I=HA BHS: S8

Ho

o O,N H,N
CI/\/ Hz,
e
AICI, O  pdiC O
o) Cl

W
O

H,PO,
cl
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Ot0l = JIE 0l =&t ortho, para x| &t & 0|0t & S| &3 X
OOl = HIAH BtS
NH, NH,
Br Br ¢ SO Br Br
Br, H-,0
H,0 CH.CH,0H
Br Br
2.4.6-Tribromoaniline 1.3.5-Tribromobenzene
(100%) (74-77%)

Aniline
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=  Summary: Reaction with Nitrous Acid

v/ 1° OF2I-2 C}O|Of

v 20 0tEI 2 HE S 2
22012 R,N-N=02 4

v YA L0|0tx2w @2 02
2 dolM 22| 4
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‘ 14.9 Hofmann Elimination

= Hofmann’s rule: Elimination that occurs preferentially to give the least
substituted alkene as the major product.

CH; heat
O a2 Ot - e s
N(CH3); OH

Elimination of halogen or alcohol give the more substituted alkene

OH
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= Synthesis of Quaternary Ammonium salt and Hofmann Elimination

H i. excess CH;l H ~
H;C-C—CH,CHj »H;C-C—CH,CH; oy
NH, ii. Ag,O/H,0 +N(CH,),
heat
— H2C=CH—CH20H3 + HSC—CH:CHCH3
major minor
Hofmann alkene Saytzeff alkene
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= The Hofmann rule-Newmann Projection - anti-coplanar elimination

H,C—CH=CHCHj,

1 minor
CH
Ha CH; Ha Hb ’
\PALH Hsc@H H3C@H HBC@”
Hb'\\‘\y \ = H
HyC Ha 2 Hb
Hb CH; 3
G | NG N(CHy), X NGHy), & | N(CHy);
. No Antiperiplanarn
Unstable due to steric Hydrogen
H :
H,Cl-CJCH,CH, bH Stable — less steric
|
*N(CH3)3
\\\\ Ha
y ?E: . 1 . H3CH,C H
a ~H2CH33 = —CH-
\C__ZC;H Hb He H2C=CH-CH,CHj;
Hb\‘“)a' \ N(CH3); major
Hce + N(CH3)s Antiperiplanar

Hydrogen
Stable — Less steric
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I. excess CHsl heat
- —

ii. Ag,O/H,0
NH,
I. excess CH,l heat _
GCH3 3)-— _— E\;CHZ
H ii. Ag,O/H,0 N(CH3),

major
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